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AFTER COOLER MECHANICAL STRENGHT 

CALCULATION FOR NITROGEN GAS BOOSTER   

e.mohammadi
Textbox
Repetitive comment:

1- Wind and seismic (as per ASCE 7-16 (see report in page 13 of requisition)) effect for design all pressure vessels (even if located inside of package) shall be considered by vendor. 

2- As per clause M8 of nitrogen compressor TCL, native PV ELITE file shall be submitted by vendor (see enclosed TCL of nitrogen compressor).

e.mohammadi
IFA-CM-IFA
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AiNO 
1st  


PURCHASER COMMENTS 
1st  


VENDOR’S REPLY 
PURCHASE 


REPLY 
2nd Vendor 


Reply 
FINAL 


CONCLUSION 
08/23/2020 


G1 


GROUND RULES: 


Following points need to be taken into consideration to review this 
Technical Clarification Sheet(TCL) and prepare the next revised 
proposal: 
1. "Noted" is interpreted as "Confirmed" 
2. The word "confirm" does not make a sense neither to reply to TCL 
nor in Proposal documents/drawings. The word "confirmed" shall be 
used instead. 
3. Comments raised in this TCL are intended to just make outstanding 
issues highlighted. If any request comes up based on the documents 
attached to enquiry or the international standards, VENDOR shall cover 
that request without any time or cost impact after order placement 
(PO).  
4. If VENDOR at bid stage for any unsaid reason selected equipment 
which is not compatible with Project enquiry 
(MR+ATTACHMENTS+INTERNATIONAL STANDARDS) and this 
matter was found by Purchaser after order placement VENDOR will 
have no right to claim for time or cost impact compensation. 


VENDOR shall confirm the point 1 through 4 of comment G1. 


 
Based on meeting 
dated Apr.19.2021 


item is Closed. 
  


 
G2 


Vendor shall prepare his deviation, clarification and exception  list to 
the technical documents given based upon the following format: 
 
 
 
 
 


 


Based on meeting 
dated Apr.19.2021 
air pack declares 
that deviation list 


is same as 
compressor 7080 
in previous offer. 
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No. 
Doc.  


No. 


Section/ 


Paragraph  


No. 


Bidder's 


exception/ 


Deviation 


and/or 


clarification 


Bidder's  


Justification  


of 


proposed 


Exception 


or deviation 


Commercial  


Impact for 


Compliance 


 
In case of having NONE,” NO DEVIATION” STATEMENT” shall be 
declared in the aforementioned format.  
Otherwise, the technical offer is assumed to be in compliance with the 
project requirements as stated in BU-20-D-000-MA-MRQ-303 and its 
attachments. 


so this item is 
Closed. 


G3 
Factory acceptance test (FAT) and site acceptance test (SAT) are in 
VENDOR scope of work and responsibility. 


SAT can be included 
against daily rates. FAT is 
included without running 


test. 


AIRPACK 
confirms that SAT 


is in AIRPACK 
scope of work and 


is closed.  
FAT and 


mechanical 
running test is in 
AIRPACK scope 
of work, please 


confirm. 


SAT is 
against daily 
rates. 
FAT with 
functional 
test is 
included, 
same as air 
compressor 
package. 


 


G4 
Vendor’s clarifications and exceptions from this requisition (BU-20-D-
000-MA-MRQ-303) and the documents/drawings referred hereto shall 
be clearly stated in the quotation using the format shown in clause G2 


Confirmed Closed.   







OWNER:  BUSHEHR MEG PLANT PETROCHEMICAL COMPANY 


 
CONTRACTOR: 


VENDOR CLARIFICATION SHEET 


MR.No.&REV. BU-20-D-000-MA-


MRQ-303-Rev-00 


SUBJECT: REQUSITION FOR 


RECIPROCATING COMPRESSOR (ITEM C-


1002 & C-7080) 


MC: VENDOR 


NAME: 


AIRPACK REF.TRANSMITTAL 


No. 


 


QUOTATION 


No.: 


INA REF.DATE 


TRANSMITTAL : 


 


QUOTATION 


REV. & DATE: 


22 Mar 2021 


Rev.0 
TCL No: TCL-RCN-
AIRPACK-R00 


DATE:04.07.2021 


 


G5 


Vendor shall consider following site condition for design of equipment 


 


Confirmed Closed.   


G6 


For all sub vendor, VENDOR shall consider following AVL 


 


We do our best to 
follow as far as possible; 
You can find attached our 


Proposed SVL for your 
kind attention. 


We reconfirm we are using 
high quality sub vendors 


and not using China/Indian 
Origins. 


you mentioned 
your SVL is 


attached but we 
didn’t receive 


any document. 
So, please re-
send it for our 


review and 
comments. 


Please find 
attached 


SVL. 
 


G7 
Compressor shall be designed as per API 618 5th edition and BU-20-D-
000-MA-SPC-302 


Refer to deviation list. 


Based on meeting 
dated Apr.19.2021 
air pack declares 
that deviation list 


is same as 
compressor 7080 
in previous offer. 


so this item is 
Closed. 
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G8 


VENDOR shall consider following document as minimum items of ITP. 
ITP will be finalized during PIM 


 
Please confirm 


Confirmed Closed.   


G9 
VENDOR shall submit ATEX and EX certificates for all Explosion proof 
equipment and devices. 


Confirmed Closed.   


G10 
The compressor shall be designed, engineered so that the units can 
operate for two years without major overhaul. 


Confirmed Closed.   


G11 VENDOR shall supply first filling of oil and grease. Confirmed Closed.   


G12 


Following document shall be sent at this stage: 
1- Letter of conformity (page 18 of MRQ-303) 
2- Sub vendor list 
3- P&ID 
4- ISO certificate 
5- Utility consumption list 
6- General arrangement drawing 
7- Complete mechanical data sheet as per API 618 


Available documents 
where already send. 


Based on meeting 
dated Apr.19.2021 


with AIRPACK, 
this item is closed. 


  


G13 
Two years spare part list shall be in compliance with two years spare 
part attached to BU-20-D-000-MA-MRQ-303-Rev-03.  


Confirmed, as per list in 
the offer. 


Please confirm 
that AIRPACK will 
follow two years 
spare part list as 
mentioned in BU-


20-D-000-MA-MRQ-
303-Rev-03. Two 


Confirmed, 
this list is 


also 
followed for 
the previous 


PO. 
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years spare part list 
is same as provisos 


P.O and was not 
changed. 


Commissioning 
spare part list is as 


per vendor 
recommendation. 


G14 


Vendor Print Index and schedule shall be as per attached file 
 


 


VPIS will be finalized 
during KOM. 


Based on meeting 
dated 


Apr.19.2021, 
AIRPACK 


confirms to follow 
VPIS of 


compressor 7080 
for compressor 


1002. 
Please confirm 


Confirmed  


G15 
VENDOR shall model the whole package with STEP format which is 
incorporated with PDMS. Please confirm. 


Airpack will provide a 
STEP file which can be 
incorporated in client 


PDMS. 


Closed.   


G16 


Following items shall be considered by VENDOR 
G17.1 HAZOP and SIL studies shall be done by vendor 
G17.2 VENDOR shall participate in HAZOP, HAZID and SIL study 
meeting of the purchaser plant for 5 working days and this price shall 
be implemented in VENDOR price. 
G17.3 Spread beam/falcon beam/lifting beam shall be designed and 
supplied by VENDOR. 


HAZOP and SIL is offered 
as option. 


Slings and shackles are 
included. 


Ladders and platforms are 
not required, nor offered. 


Closed. Please 
consider as base 


price. 


Noted, will 
be included 
in the base 
price of the 


revised 
offer. 
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G17.4 VENDOR shall foresee ladder and platform to access the 
equipment and devices (wherever is required) 


G17 


Bidder shall guarantee /warrant, material and good workmanship of 
delivered goods for a period of 18 months from successful 
commissioning or 36 months from the last shipment date whichever 
Comes first. 


Confirmed Closed.   


G18 Project symbol and legend for generating shall be followed by vendor. 


As per Airpack standard, 
this request was not 


considered previously. 


Not accepted. 
Please confirm to 


follow project 
symbol and 


legend. 


Confirmed  


G19 
All document shall be sent to CES via FTP. Vendor is not allowed to 
send document unofficially via email. 


Confirmed 
Closed.   


G20 
In no way vendor is not allowed to use flexible hose in process, oil and 
water line. only steel pipe shall be used. 


Flexible hoses are 
considered between 


compressor and static 
skid with coolers etc. 


Based on meeting 
dated 


Apr.19.2021, Air 
declares that 


Flexible joint will 
be used instead of 


flexible hose. 
Please confirm 


Confirmed  


G21 


Air pack is expected to generate all documents carefully with all 
required data. In any condition engineering comments from CES shall 
be implemented or replied by vendor if comments are based on project 
specification. 


Confirmed 


Closed.   


G22 
Extra cost for revising document in any revision of document is not 
accepted. So, all documents shall be sent until vendor Receive 
approved stamp on AFC or AB revision of document. 


Confirmed 


Closed.   
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PROCESS DEPARTMENT 


P1 Blank     


SAFETY DEPARTMENT 


S1 
- Noise pressure level at 1 m. shall be less than 85 db(a) for 20-


C-1002. 
Confirmed Closed.   


MECHANICAL 


M1 
Vendor shall consider two earth bosses at opposite sides of package 
and is in vendor scope supply. 


Confirmed Closed.   


M2 


The degree of protection shall be at least: 
- IP 55 for motor and auxiliaries 


- IP 55 for the motor terminal boxes and its bearing housings 


- IP 55 of heaters 


Confirmed Closed.  


 


M3 
Compressor shall be horizontal balanced opposed. V type and vertical 
compressor shall not be selected. 


Compressor is vertical 
type. Horizontal 


compressor too large for 
these small flows. 


Closed.  


 


M4 
Cylinders material shall be Nodular cast iron. 
Other material shall be selected as per API 618. 


Confirmed Closed.   


M5 
Gauge board shall be considered by VENDOR and is in VENDOR 
scope of supply 


Due to small size not 
applicable. 


Closed.   


M6 
All tubing and piping inside of package are in VENDOR’s scope of 
supply and work. 


Confirmed Closed.   


M7 


M7 Following items shall be considered by VENDOR 
M7.1- Temporary strainer at inlet of package  
M7.2- Isolating valve at inlet and outlet of package 
M7.3- Double Check valve at outlet of package 


1 Confirmed 
2 Confirmed 
3 Confirmed 


M17.1 Closed. 
M17.2 Closed. 
M17.3 Closed. 
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M7.4- PSV at discharge of package (With L.O isolating valve) 
M7.5- TT shall be considered at inlet and discharge of package 
M7.6- PT shall be considered at the inlet of package 
M7.7- Three PT at the discharge of package 
M7.8- TSV and FT shall be used at discharge line of cooling water 
M7.9- Strainer shall be used before entering cooling water into 
packing 
M7.10- Isolating valve and Check valve shall be used in cooling 
water inlet line. 
M7.11- PG at the inlet, outlet and interstage of package 
M7.12- Two PT between stage 1 and 2 
M7.13- Each pulsation dampener shall be equipped with PSV. 
M7.14- Three TT shall be considered in line between stage 1 and 
2 
M7.15- PSV shall be consider in line between stage 1 and 2 
M7.16- At the discharge of package one TG shall be consider. 


4 Confirmed, without 
isolation valve, 
because this is not 
allowed. 


5 Confirmed 
6 Confirmed 
7 Three PTs can be 


included in revised 
offer. Please 
inform why this is 
required. One will 
be sufficient. Not 
requested before. 


8 Confirmed 
9 Confirmed 
10 Confirmed 
11 Confirmed 
12 Noted, can be 


included in revised 
offer. However 1 
PT will be 
sufficient. 


13 Inlet pulsation 
damper will not 
have a PSV, only 
after first and 
second stage PSV 
is included. 


M17.4 This item 
will be discussed 


in HAZOP 
meeting. Please 


confirm 
M17.5 Closed. 
M17.6 Closed. 
M 17.7 Please 


consider TWO PT 
insisted of three. 
One PT for HIGH 
(H)signal and the 
other one shall be 


used for HIGH 
HIGH (HH) signal. 


Please confirm. 
M17.8 Closed. 
M17.9 Closed. 


M17.10 Closed. 
M17.11 Closed. 
M17.12 Closed. 
Vendor confirms 


to consider two PT 
between stage 
one and two. 


M17.13 Closed. 
M17.14 Please 


consider three TT. 


7.4 
Confirmed, 


further 
discussion 


during 
HAZOP. 


7.7 Noted, 
one extra PT 


will be 
included at 


the 
discharge of 


the 
compressor. 
7.12 Noted, 


one extra PT 
will be 


included 
between the 
1st and 2nd 


stage. 
7.14 Noted, 
two extra 


TTs will be 
included. 
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14 One TT is 


considered and 
will be sufficient. 
On request more 
can be included 
against extra price. 


15 Confirmed 
16 Confirmed 


Two TT for HIGH 
(H)signal and 


HIGH HIGH signal 
(HH) before inter 


cooler and One TT 
HIGH signal (H) 


after 
INTERCOOLER. 
M17.15 Closed. 
M17.16 Closed. 


 


M8 
For pulsation dampener and heat exchanger native PV ELITE file and 
HTRI shall be submitted after P.O. 


Confirmed Closed.   


M9 
Pressure regulating valve and PG and filter shall be considered at inlet 
of instrument airline. 


Filter not required, IA 
is already filtered. 


Yes you right IA is 
already filtered. 


But for safe 
operation filter is 


required and shall 
be supplied by 


vendor. 
please confirm 


Noted, will 
be included 
in revised 


offer. 
 


 


M10 
Machine Monitoring System including Vibration monitoring system and 
Temperature Monitoring System (for C-1002) shall be supplied by 
VENDOR 


Not applicable for such 
small compressors. 


Vibration transmitter is 
included. 


Closed. Vibration 
transmitter (VT) 


shall be 
considered for 


compressor 


Confirmed  


M11 Rod drop proximity probe shall be supplied by VENDOR. Not applicable Closed.   
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M12 Electrical heater for lube oil system shall be supplied by VENDOR. Oil heater is included. Closed.   


M13 


Pulsation dampeners shall be considered before and after each stage 
of compressor and shall be in compliance with APPROACH 2 of API 
618(5TH edition). Mechanical design shall be as per ASME SecVIII, 
divison 1. 


API 618 design 
approach 1 will be 


followed. 
Closed.   


M14 


VENDOR shall confirm following special tools and submit the list along 
with next revised proposal: 
M14.1, Spread beam for package installation. 
M14.2,  One set industrial work station(computer) with 21"(21 inch) 
LED for UCP 
M14.3 1Set of HART hand held communicator for package transmitters 
purging. 
M14.4 NITROGEN CHARGING KIT (for pulsation dampeners) 
M14.5 BARRING DEVICE 
M14.6 One lap top for PLC programming. 


1 Not required, four point 
lifting frame with slings 
and shackles is 
included. 


2 Confirmed 
3 Noted, will be included in 


revised offer. 
4 Not required, not 


considered. 
5 Not possible, only 


required for large 
process compressors. 


6 Included as option in the 
offer. 


M14.1 Closed. 
M14.2 Closed. 
M14.3 Closed. 
M14.4 Closed. 
M14.5 Manual 


barring device is 
required and shall 


be supplied by 
vendor. 


Please confirm. 
M14.6 Closed. 


Shall be consider 
as base price. 


14.5 Please 
note manual 


barring 
device will 


be included. 
14.6 Noted, 


will be 
included in 


the base 
price in 
revised 
offer. 


 


M15 
Insulation and/or electrical tracing are both in vendor's scope of work 
and supply. Please confirm 


Confirmed, however not 
required. 


Closed.   


M16 
Personal protection insulation is in VENDOR’s scope of work and 
supply. Hot Personal protection shall be considered for line with the 
temperature higher than 60C. 


Confirmed Closed.   


M17 


M17.1 Compressor lubrication method shall be forced lubricant. 
M17.2 Purchaser will deliver and give only one LV feeder and 
VENDOR is responsible for power distribution and adoption. 
Local MCC panel for LV power distrusting is in vendor scope of supply. 


1 Confirmed 
2 Direct feeder from 


MCC is required. 


M17.1 Closed. 


M17.2 Based on 


meeting dated 
Apr.19.2021, 


17.2 
Confirmed 
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M17.3 Two RTDs per phase of electric motor shall supply. 
M17.4 Vendor shall supply UCP S7-400 FH (Redundant and fail-safe 
PLC-based) that to be installed in control room. 
M17.5. All Tie-ins and tie-outs of the package (Package battery limit) 
shall be flanged with isolation valve. 
M17.6 Drive system shall be direct couple so V-BELT is not accepted. 
M17.7 three-step capacity control as well as spill back line for capacity 
control of compressor 20-C-1002 are required. 


3 Not possible for such 
small compressors 


4 UCP with redundant 
PLC will be supplied. 


5 Confirmed 
6 V-belt is considered 


due to small size of the 
compressors 


7 Confirmed 


AIRPACK 
confirms to supply 


local MCC. So, 
purchaser only 


give one LV 
feeder and 


distributing to 
other consumer is 


in AIRPACK 
scope. 


 Please confirm 
M17.3 Closed. 
M17.4 Closed. 


Vendor confirms 
to supply UCP 


(PLC based) S7 
400 FH. 


M17.5 Closed. 
M17.6 Closed. 
M17.7 Closed. 


M18 Material certificate is required as per EN10204 TYPE3.2. 


Material certificates will be 
provided, however not 3.2 


material certificates. 


Only EN10204 
TYPE3.2. is 


accepted. 
Please confirm 


3.2 material 
certificates 


are not 
available. 


Airpack will 
only provide 
3.1 and 2.2 
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material 


certificates. 


M19 
MECHANICAL CALCULATION for pressure vessels and heat 
exchangers shall be done based on PV ELITE 2015 and HTFS+ 2006. 
Please confirm. 


Confirmed Closed.   


M20 
Heat tracing in order to prevent gas condensation shall be considered 
by VENDOR at inlet of compressor cooling water as per clause 
6.8.3.4.3 of API 618 


NA Closed.   


M21 Lateral and torsional analysis is required. NA Closed.   


M22 All heat exchanger inside of package shall be water cooled TEMA C Confirmed Closed.   


M23 Distance piece type shall be TYPE B Confirmed Closed.   


M24 Compressor shall be double act. Confirmed Closed.   


M25 Compressor shall be delivered to the site as assembled. Confirmed Closed.   


M26 Max Acceptable Avg Piston Speed shall not exceed 3.5 m/s Confirmed Closed.   


M27 Maximum compressor speed shall not exceed 450 rpm. If possible 
Please specify 


compressor speed 
at this stage 


  


M28 
As per clause 6.5.1 of BU-20-D-000-MA-SPC-302 Maximum calculated 
adiabatic discharge temperature of any step shall not exceed 140°C. 


191 degrees 


Based on meeting 
dated Apr.19.2021 


AIRPACK 
declares that 


discharge 
temperature from 
first stage cylinder 


in adiabatic 


Confirmed  
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condition is 134 °C 


and discharge 
temperature of 
second stage 


cylinder in 
adiabatic condition 


is 164 °C. 


Please confirm. 


M29 


Following condition shall be consider by vendor: 
M29.1 Discharge pressure at the battery limit of package shall be 23.5 
bara. 
M29.2 Electrical power of main motor shall not be less than 55 kW. 


- Confirmed 
- Power requirement 


will be less. 
However this 
should not be a 
problem if the 
power requirement 
is lower. 


M29.1 Closed. 
M29.2 AIRPACK 
shall consider 55 


kW for motor 
power of 


compressor 1002 
even if required 
shaft power is 


lower. 
Please confirm 


29.2 
Confirmed 55 
kW motor will 


be 
considered. 


 


M30 
Plan D for cooling water shall apply. Cooling water analysis is shown in 
BU-20-D-000-PR-SPC-101. If compressor is able to operate with site 
water, Vendor can apply plan c instead 


Cooling water from your 
side will be used. 


Closed. PLAN C is 
accepted. 


  


M31 


Lubrication method shall be force lubricated as per figure G-5 of 
API618. As well as instead of using pressure switch, pressure 
transmitter shall be used. 


 


Please note lubrication 
system is integral part of 


the compressor. No 
Auxiliary oil system is 


included, oil system will 
be forced lubricated. 


Based on meeting 
dated 


April.19.2021 
please state 


technically that 
using AUX oil 


pump and other 


Auxiliary oil 
pump is not 


possible. 
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equipment and 


instrument 
mentioned in M31 
is possible or not? 


M32 


Please take note and confirm below items: 
M36.1- Connecting road shall be forged steel. 
M36.2- All heat exchanger shall be water cooled and using air cooled 
heat exchanger is not accepted. Mechanical design of all heat 
exchanger shall be as per ASME SEC VIII DIV1. 


1 Confirmed 
2 Coolers will be TEMA C, 
no ASME requirements are 


considered. Can be 
included upon request. 


M36.1 Closed. 
M36.2 All cooler 
shall be TEMAC. 
Also mechanical 


design of all 
coolers shall be as 
per ASME SEC VIII 


DIV1. Please 
confirm. 


Confirmed, 
ASME VIII div 
1 will also be 
included in 


revised offer. 


 


M33 


Attached mechanical data sheet shall be completed by vendor at this 
stage. 


 


Will be filled during 
engineering phase. When 


all items are closed. 
Closed.   


CIVIL  


C1 
Supply and design of anchor bolt and expansion bolt are in VENDOR’s 
scope. 


Confirmed 
Closed.   


C2 
VENDOR shall submit foundation loading data(Instruction for Civil 
Work) 


Confirmed 
Closed.  


 


ELECTRICAL 
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E1 
Ammeter shall be considered for the motors equal or greater than 4kW. 
Vendor shall consider the ammeters part of local control panel for 
motors controlled through local control panel. 


Confirmed 
Closed.   


E2 
Supply of cable trays, ladders, conduits, installation and fixing materials 
required for Proper Installation of the electrical equipment on skid are in 
vendor scope of supply. 


Confirmed 
Closed.   


E3 
Interconnecting cables between on skid mounted electrical equipment 
is in vendor Scope of supply. 


Confirmed 
Closed.   


E4 
All motors, heaters, panels, local control stations, etc. within the 
packages shall be Certified for using in the ZONE2 IIB T3 


Confirmed 
Closed.   


E5 Electric motor shall be equipped with earth terminal. Confirmed Closed.   


E6 
Design and supply of on-skid electrical heat tracing shall be provided 
by VENDOR (If required ) 


Not required 
Closed.   


E7 All electrical motor shall be EXd IIB T3. Confirmed Closed.   


E8 
All instruments shall be cabled up to the relevant junction boxes / local 
panels at compressor B.L. Junction boxes, local panels and all cable 
glands shall be in VENDORS’s scope of supply. 


Confirmed 
Closed.   


E9 
Certificate of conformity shall be supplied for all Ex type motors. The 
certificate number and certifying authority shall be indicated after order 
placement. 


Confirmed 
Closed.   


E10 
All EX material (such as glands, boxes, motors, ...) to be delivered 
according to last revision of ATEX precept (ATEX directive 20/4/34/EU) 


Confirmed 
Closed.   


E11 


VENDOR shall consider following document as electrical specification 


 


Confirmed 


Closed.   
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E12 
Cable glands to be suitable for hazardous area where they are 
installed. 


Confirmed 
Closed.   


E13 


Local Panel (LP) shall be suitable for ZONE2, IIB, T3 and shall be 
provided with the following functions at least: 


1- Push buttons for start, stop, emergency stop and reset 
2- Lamps for common alarm, common trip, running and ready for 


start 
3- A remote-local selector 
4- A buzzer 
5- Earth connection 


Confirmed, however 
buzzer is not included. 


Closed.   


INSTRUMENT 


I1 
Vendor shall follow our PID legend. Please confirm. (legend will be sent 
after PO) 


Confirmed 
Closed.   


I2 
All instruments on skids shall be located with sufficient clearance for 
good accessibility & maintenance. 


Confirmed 
Closed.   


I3 
All field mounted instruments, enclosures and junction boxes shall be 
protected to IP-65 weather proof according IEC 60529. 


Confirmed 
Closed.   


I4 
Design and supply of all package instruments, including process / air 
tubing and cabling up to junction boxes are in VENDOR scope of 
supply. 


Confirmed 
Closed.   


I5 
All instruments installation materials including fittings, isolation and 
drain valves, manifolds, junction boxes, cable trays, glands, instrument 
support, etc. are in VENDOR scope of supply. 


Confirmed 
Closed.   


I6 
Electronic Instruments should be suitable for installation in ZONE2 IIB 
T3 


Confirmed 
Closed.   


I7 


The PLC’s shall be provided with all required system software including 
application / utility programs, engineering / configuration tools, self-
checking and self-diagnostic fault detection capabilities. 
Licensed software shall be original, latest revision and provided with 
the relevant certificates. Please confirm  


Confirmed 


Closed.   
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I8 Signals from / to MCC’s shall be considered as non-IS. Confirmed Closed.   


I9 
One set industrial work station(computer) with 21"(21 inch) LED for 
UCP as well as supply of caballing from UCP to work station is in 
vendor scope. 


Confirmed Closed.   


I10 
UCP (PLC based) shall be S7-400 FH. All I/Os (except I/O for 
monitoring), barriers, network, power supply and CPU shall be 
redundant. All cards shall be failed safe. 


UCP with redundant PLC 
is included. 


Closed. Vendor 
confirms that UCP 


(PLC based) is 
S7-400FH.  Also, 
All I/Os (except 


I/O for monitoring), 
barriers, network, 
power supply and 


CPU will be 
redundant. All 


cards will be failed 
safe. 


  


I11 All instrument inside of package shall be EX ia IIC T3. Confirmed Closed.   


I12 
The required shut-down, start-up and inter-lock diagrams based on IEC 
61131 shall be provided and implemented in packages PLC’s by 
VENDOR. 


Confirmed 
Closed.   


I13 
VENDOR shall provide 4-20 mA, HART transmitters with integral 
indicator and potential free contacts switches. 


Confirmed for transmitters 
Closed.   


I14 
All limit switches for automatic valves shall be proximity (NAMUR) type 
and Intrinsically safe. 
Please confirm 


No limit switches included. 
Closed.   


I15 
All instrument / automatic valves wetted parts and process / air tubing 
Materials shall be S.S. 316 as minimum. 
Please confirm 


Confirmed 
Closed.   
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I16 
For all instrument isolating valve shall be considered and shall supplied 
by VENDOR. 


Confirmed 
Closed.   


I17 


3-way valve manifolds for pressure switches, pressure transmitter and 
pressure gauges shall be supplied by vendor. 
5-way valve manifold for DP transmitters shall be considered and 
supplied by VENDOR 


2-way for pressure 
instruments and 5-way for 


differential pressure 
instruments. 


Closed.   


I18 Diameter of Indication of all PG shall be 150 mm. Confirmed Closed.   


I19 


For instrument fitting vendor shall consider following documents 


 
Please confirm 


Confirmed 


Closed.   


I20 


Vendor shall consider following specification 


 
Any deviation shall be declared in this stage 


Please refer to deviation 
list. 


Based on meeting 
dated Apr.19.2021 
air pack declares 
that deviation list 


is same as 
compressor 7080 
in previous offer 


so item is Closed. 


  


I21  
Package UCP shall be connected to the FCS, ESD systems, for 
monitoring and shutdowns. 


Confirmed Closed.   


I22 
Terminals shall be certified EEx 'e' (for EEXi and Non EExi signals) in 
accordance with IEC/CENELEC standards IEC 60079. 


Confirmed Closed.   


I23 Cable Glands shall be Double Seal Compression type. Confirmed Closed.   
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I24 
I25-1 Flameproof type cable glands shall be used for flame proof 
instruments. 
I25-2 The material of cable glands shall be metallic type. 


Confirmed Closed.   


I25 
After commissioning 20% hot spare of each type I/O and terminal shall 
be supplied. 


Confirmed Closed.   


PIPING 


PI1 All flange shall be RF as per ASME B16.5 Confirmed Closed.   


PI 2 
Painting of all compressor and all of accessories are according to 
vendor standard but RAL numbers to be as per purchaser request. 


Confirmed 
Closed.   


PI 3 
All exterior surfaces of carbon steel shall be painted including finish 
coat in accordance with “Material Standard Specification for Paints 
(1216-DE-00-PI-ESS- 409)”. 


Confirmed 
Closed.   


PI4  Maximum available space for compressor is 3500x2500 mm. 
Confirmed 


Closed.   


Blank. 
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Vessel Design Summary: 
 
ASME Code, Section VIII Division 1, 2021 
 
 Diameter Spec : 160.000 x 141.300 mm OD 
 Vessel Design Length, Tangent to Tangent            962.85  mm 
 
 Specified Datum Line Distance                         0.00  mm 
 
 Shell  Side  Design Temperature                        210  °C 
 Channel Side Design Temperature                         95  °C 
 
 Shell  Side  Design Pressure                         2.500  MPa 
 Channel Side Design Pressure                         1.000  MPa 
 
 Shop Shell Side Test Pressure                        3.750  MPa 
 Shop Channel Side Test Pressure                      1.500  MPa 
 
 Wind Design Code                             No Wind Loads 
 Earthquake Design Code                          No Seismic 
 
 
Materials of Construction: 
 
     Component |                 |       |                        |         |Normal |  Impact | 
          Type |        Material | Class |              Thickness |   UNS # |  ized |  Tested | 
 ---------------------------------------------------------------------------------------------- 
         Shell |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
         Shell |    SA-312 TP316 |   ... |                    ... |  S31600 |    No |      No | 
         Cover |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
        Flange |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
        Flange |     SA-182 F316 |   ... |                    > 5 |  S31600 |    No |      No | 
        Nozzle |        SA-106 B |   ... |                    ... |  K03006 |    No |      No | 
        Nozzle |    SA-312 TP316 |   ... |                    ... |  S31600 |    No |      No | 
    Nozzle Flg |     SA-182 F316 |   ... |                    > 5 |  S31600 |    No |      No | 
         Tubes |      SB-111 O61 |   O61 |                    ... |  C70600 |    No |      No | 
     Tubesheet |      SB-148 M01 |   M01 |                    ... |  C95200 |    No |      No | 
   Flg Bolting |       SA-193 B7 |   ... |               <= 2 1/2 |  G41400 |    No |      No | 
 
 Normalized is determined based on the UCS-66 material curve selection and Figure UCS-66. 
 Impact Tested is based on material selection and material data properties. 
 
 
Element Pressures and MAWP (MPa & mm): 
 
                         |        Design |         |           |       Total | Str. |    In | 
     Element Description |      Pressure |    Ext. |   Element |   Corrosion | Flg. | Creep | 
                 or Type |  + Stat. head |  Press. |   M.A.W.P |   Allowance | Gov. | Range | 
 -------------------------------------------------------------------------------------------- 
       Channel head flat |         1.000 |    0.10 |    26.000 |      1.0000 |  N/A |    No | 
   Channel head cylinder |         1.000 |    0.10 |    22.000 |      1.0000 |  N/A |    No | 
     Channel head flange |         1.000 |    0.10 |     2.000 |      1.0000 |  N/A |    No | 
     Shell flange ring 1 |         1.000 |    0.10 |     2.000 |      0.0000 |  N/A |    No | 
              Main Shell |         2.500 |    0.10 |     6.000 |      0.0000 |  N/A |    No | 
     Shell flange ring 2 |         1.000 |    0.10 |     2.000 |      0.0000 |  N/A |    No | 
              Cover head |         1.000 |    0.10 |     3.000 |      1.0000 |  N/A |    No | 
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Element Types and Properties: 
 
    Element |"To" Elev |  Element |  Nominal | Finished | Reqd Thk | Reqd Thk |   Long |   Circ | 
            |          |   Length |Thickness |Thickness | Internal | External |    Eff |    Eff | 
       Type |       mm |       mm |       mm |       mm |       mm |       mm |        |        | 
 ------------------------------------------------------------------------------------------------ 
   Wld Flat |     27.0 |     27.0 |     27.0 |     27.0 |      6.1 |      ... |   1.00 |   1.00 | 
   Cylinder |     57.0 |     30.0 |     13.0 |     13.0 |      3.5 |      1.3 |   1.00 |   1.00 | 
   Body Flg |     57.0 |     18.0 |     18.0 |     18.0 |     14.2 |     10.4 |   1.00 |   1.00 | 
   Body Flg |    134.5 |     36.0 |      ... |     18.0 |     12.1 |      7.0 |   1.00 |   1.00 | 
   Cylinder |    888.3 |    753.8 |      ... |      3.4 |      1.5 |      1.0 |   1.00 |   1.00 | 
   Body Flg |    924.3 |     36.0 |      ... |     18.0 |     12.1 |      7.0 |   1.00 |   1.00 | 
   Body Flg |    962.8 |     25.0 |      ... |     25.0 |     10.0 |      6.9 |   1.00 |   1.00 | 
 
Weights: 
 Fabricated - Bare  W/O Removable Internals                  55.5  kg 
 Shop Test  - Fabricated + Water ( Full )                    67.2  kg 
 Shipping   - Fab. + Rem. Intls.+ Shipping App.              55.5  kg 
 Erected    - Fab. + Rem. Intls.+ Insul. (etc)               55.5  kg 
 Empty      - Fab. + Intls. + Details + Wghts.               55.5  kg 
 Operating  - Empty + Operating Liquid (No CA)               55.5  kg 
 Field Test - Empty Weight + Water (Full)                    67.2  kg 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Calculation Summary (MPa & mm): 
 
 Description        |       MAWP |    Ext |      MAPNC | UG-45    [tr] |    Weld |   Areas or | 
                    |            |        |            |       |       |    Path |   Stresses | 
 ---------------------------------------------------------------------------------------------- 
Noz N1 Fr10 - T    |          1 |    ... |        ... |    OK |  4.12 |     OK  | No Calc[*] | 
Noz N2 Fr10        |          1 |    ... |        ... |    OK |  4.12 |     OK  | No Calc[*] | 
Noz N3 - Shell     |          2 |    ... |        ... |    OK |  1.50 |     OK  | No Calc[*] | 
Noz N4 - Shell     |          2 |    ... |        ... |    OK |  1.50 |     OK  | No Calc[*] | 
 ---------------------------------------------------------------------------------------------- 
 
Nozzle MAWP Summary: 
 Minimum MAWP Nozzles         :               2 Nozzle  : Noz N3 - Shell  [Shellside] 
 Minimum MAWP Nozzles         :               1 Nozzle  : Noz N1 Fr10 - T  [Tubeside] 
 
[*] - This was a small opening and the areas were not computed. 
 
Note: MAWPs (Internal Case) shown above are at the High Point. 
 
Multiple output lines for the same nozzle indicates required Code calculations in both the 
longitudinal and circumferential planes of reinforcement where applicable. 
 
Check the Spatial Relationship between the Nozzles: 
 
 From Node | Nozzle Description | X Coordinate | Layout Angle |    Dia. Limit | 
           |                    |           mm |          deg |            mm | 
 ------------------------------------------------------------------------------ 
        10 |    Noz N1 Fr10 - Tu|        0.000 |       90.000 |        92.000 | 
        10 |        Noz N2 Fr10 |        0.000 |      270.000 |        92.000 | 
        50 |     Noz N3 - Shelli|      206.525 |      270.000 |       104.600 | 
        50 |     Noz N4 - Shello|      826.525 |       90.000 |       104.600 | 
 
 
The nozzle spacing is computed by the following: 
 
 = sqrt( ll² + lc² ) where 
 
 ll - Arc length along the inside vessel surface in the long. direction. 
 lc - Arc length along the inside vessel surface in the circ. direction 
 
If any interferences/violations are found, they will be noted below. 
 
No interference violations have been detected! 
 
Checking Multiple Nozzles on Flat Head per ASME Sec. VIII Div. 1 UG-39 
 
 
Comparing Nozzles on Element: Channel head flat 
 
UG-39 Average Nozzle Diameter and Ligament Checks: 
 
               Nozzle |    Avg. | Head Dia. | Ligament |  Min. dn | 
     Pair Description |    dia. |        /4 |    Width |       /4 | 
                      |      mm |        mm |       mm |       mm | 
 ------------------------------------------------------------------ 
 Noz N1 Fr10 - Tu & No|      32 |        40 |       52 |        8 | 
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 ------------------------------------------------------------------ 
 
 
UG-39 Nozzle Spacing and Average Area Checks: 
 
               Nozzle |  Center | Avg. dia. | Avg. Area | Avg. Area | 
     Pair Description | Spacing |    * 1.25 | Available |     Reqd. | 
                      |      mm |        mm |      mm^2 |      mm^2 | 
 -------------------------------------------------------------------- 
 Noz N1 Fr10 - Tu & No|      92 |        40 |   No Calc |   No Calc | 
 -------------------------------------------------------------------- 
 
 
UG-39 Nozzle Diameter and Distance to Edge Checks: 
 
          Nozzle |   Nozzle |   Head Dia. |   Distance |    Nozzle | 
     Description |     dia. |          /2 |  from Edge |    dia./4 | 
                 |       mm |          mm |         mm |        mm | 
 ------------------------------------------------------------------- 
 Noz N1 Fr10 - Tu|       32 |          80 |         27 |         8 | 
 Noz N2 Fr10     |       32 |          80 |         27 |         8 | 
 ------------------------------------------------------------------- 
 
No Multiple Nozzle spacing violations detected! 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Schedule: 
 
                  Nominal or|   Schd|  Flg|  Nozzle|    Wall| Reinforcing Pad |    Cut|   Flg| 
                      Actual| or FVC| Type|   O/Dia|     Thk| Diameter    Thk | Length| Class| 
 Description            Size|   Type|     |      mm|      mm|              mm |     mm|      | 
 --------------------------------------------------------------------------------------------- 
Noz N1 Fr10 - Tu|     40 mm|Actual | None|    40.0|   5.000|     ... |   ... |      7|   ...| 
Noz N2 Fr10     |     40 mm|Actual | None|    40.0|   5.000|     ... |   ... |      7|   ...| 
Noz N3 - Shell i|     60 mm|Actual |  WNF|    60.3|   4.000|     ... |   ... |      4|   300| 
Noz N4 - Shell o|     60 mm|Actual |  WNF|    60.3|   4.000|     ... |   ... |      4|   300| 
 
General Notes for the above table: 
 
The Cut Length is the Outside Projection + Inside Projection + Drop + 
In Plane Shell Thickness.  This value does not include weld gaps, 
nor does it account for shrinkage. 
 
In the case of Oblique Nozzles, the Outside Diameter must 
be increased.  The Re-Pad WIDTH  around the nozzle is calculated as follows: 
Width of Pad = (Pad Outside Dia. (per above) - Nozzle Outside Dia.)/2 
 
For hub nozzles, the thickness and diameter shown are those of the smaller 
and thinner section. 
 
Nozzle Material and Weld Fillet Leg Size Details (mm): 
 
             |                    | Shl Grve | Noz Shl/Pad |    Pad OD |   Pad Grve |   Inside | 
 Description |           Material |     Weld |        Weld |      Weld |       Weld |     Weld | 
 ----------------------------------------------------------------------------------------------- 
 Noz N1 Fr10 |           SA-106 B |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N2 Fr10 |           SA-106 B |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N3 - Sh |       SA-312 TP316 |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N4 - Sh |       SA-312 TP316 |    3.400 |      10.000 |       ... |        ... |     ...  | 
 
Note: The Outside projections below do not include the flange thickness. 
 
Nozzle Miscellaneous Data: 
 
                  |   Elev/Distance |   Layout |        Proj |    Proj |        Installed in | 
 Description      |      From Datum |    Angle |     Outside |  Inside |           Component | 
                  |              mm |      deg |          mm |      mm |                     | 
 --------------------------------------------------------------------------------------------- 
  Noz N1 Fr10 - Tu|             ... |     90.0 |       50.00 |    0.00 |    Channel head fla | 
  Noz N2 Fr10     |             ... |    270.0 |       50.00 |    0.00 |    Channel head fla | 
  Noz N3 - Shell i|         206.525 |    270.0 |       39.00 |    0.00 |          Main Shell | 
  Noz N4 - Shell o|         826.525 |     90.0 |       39.00 |    0.00 |          Main Shell | 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Bill of Materials: 
 
   QTY |                                                     DESCRIPTION |        MATERIAL | 
 ------------------------------------------------------------------------------------------- 
     1 |                              FLAT HEAD: 27.0mm THK X 160.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                      CYLINDER: 13.0mm THK X 134.0mm ID X 30.0mm |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                            BODY FLANGE: 18.0mm THK X 220.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     2 |                            BODY FLANGE: 18.0mm THK X 220.0mm OD |     SA-182 F316 | 
 ------------------------------------------------------------------------------------------- 
     1 |                      CYLINDER: 3.4mm THK X 134.5mm ID X 753.8mm |    SA-312 TP316 | 
 ------------------------------------------------------------------------------------------- 
     1 |                            BODY FLANGE: 25.0mm THK X 220.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                                 TUBESHEET: 165.0mm X 28.0mm THK |      SB-148 M01 | 
 ------------------------------------------------------------------------------------------- 
    72 |                          TUBES: 830.0mm X 8.0mm DIA X 0.5mm THK |      SB-111 O61 | 
 ------------------------------------------------------------------------------------------- 
     1 |                        FLOATING TUBESHEET: 132.2mm X 28.0mm THK |      SB-148 M01 | 
 ------------------------------------------------------------------------------------------- 
     2 |                                 GASKET: 165.0mm OD X 155.0mm ID |             ... | 
 ------------------------------------------------------------------------------------------- 
     8 |                                   BODY FLANGE BOLTS: 12.0mm DIA |       SA-193 B7 | 
 ------------------------------------------------------------------------------------------- 
    16 |                          NUTS FOR BODY FLANGE BOLTS: 12.0mm DIA |             ... | 
 ------------------------------------------------------------------------------------------- 
     1 |                                                       NAMEPLATE |             ... | 
 ------------------------------------------------------------------------------------------- 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Minimum Design Metal Temperature Results Summary (°C): 
 
                   Curve  Basic  Reduced  UG-20(f)  Thickness     Gov      E*   PWHT 
 Description               MDMT     MDMT      MDMT      ratio     Thk           reqd 
             Notes                                                mm 
 ----------------------------------------------------------------------------------- 
Main Shell   [16]         -196 
Noz N3 - Shel[15]         -196 
Nozzle Flg    [5]         -196 
Noz N4 - Shel[15]         -196 
Nozzle Flg    [5]         -196 
Nozl. Bolting[22]          -48                         1.000  63.500    1.00     No 
Tubesheet: SS[13]          -18                                                   No 
 ----------------------------------------------------------------------------------- 
 Warmest MDMT:              -18 
 ----------------------------------------------------------------------------------- 
Shell flange [11]         -196 
Shell flange [11]         -196 
Cover head   [11]    B     -29      -48       -29      0.381   6.250    1.00     No 
Channel head [12]    B     -21     -104       -29      0.196  13.000    1.00     No 
Channel head c[8]    B     -21     -104       -29      0.208  13.000    1.00     No 
Noz N1 Fr10 - [1]    B     -29     -104       -29      0.042   5.000    1.00     No 
Noz N2 Fr10   [1]    B     -29     -104       -29      0.042   5.000    1.00     No 
Tubesheet: CS[14]          -18                                                   No 
Bolting      [21]          -48 
 ----------------------------------------------------------------------------------- 
 Warmest MDMT:              -18      -48 
 ----------------------------------------------------------------------------------- 
 
     Exchanger Side        Computed MDMT      Required MDMT        Pass/Fail 
 --------------------------------------------------------------------------- 
              Shell                -18.0              -10.0             Pass 
       Channel/Tube                -18.0              -10.0             Pass 
 
Notes: 
[  ! ] - This was an impact tested material. 
[  1] - Governing Nozzle Weld. 
[  4] - ASME Flange MDMT Calcs; Thickness ratio per UCS-66(b)(1)(-c). 
[  5] - ASME Flange MDMT Calcs; Thickness ratio per UCS-66(b)(1)(-b). 
[  6] - MDMT Calculations at the Shell/Head Joint. 
[  7] - MDMT Calculations for the Straight Flange. 
[  8] - Cylinder/Cone/Flange Junction MDMT. 
[  9] - Calculations in the Spherical Portion of the Head. 
[10] - Calculations in the Knuckle Portion of the Head. 
[11] - Calculated (Body Flange) Flange MDMT. 
[12] - Calculated Flat Head MDMT per UCS-66.3 
[13] - Tubesheet MDMT, shell side, if applicable 
[14] - Tubesheet MDMT, tube side, if applicable 
[15] - Nozzle Material 
[16] - Shell or Head Material 
[17] - Impact Testing required 
[18] - Impact Testing not required, see UCS-66(b)(3) 
[20] - Cylinder/Cone Junction MDMT based on Longitudinal Stress considerations 
[21] - Body Flange Bolting Material 
[22] - Nozzle Flange Bolting Material 
[23] - Stiffening Ring to Shell Weld 
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[24] - Saddle to Shell Weld 
 
UG-84(b)(2) was not considered. 
UCS-66(g) was not considered. 
UCS-66(i) was not considered. 
 
Notes: 
Impact test temps were not entered in and not considered in the analysis. 
UCS-66(i) applies to impact tested materials not by specification and 
UCS-66(g) applies to materials impact tested per UG-84.1 General Note (c). 
The Basic MDMT includes the (30F) PWHT credit if applicable. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Class From To : Basic Element Checks. 
 -------------------------------------------------------------------------- 
 
Class From To: Check of Additional Element Data 
 -------------------------------------------------------------------------- 
 Please insure the C factor entered is in accordance with Figure UG-34. 
 
 
There were no geometry errors or warnings. 
 
 
PV Elite performs all calculations internally in Imperial Units 
to remain compliant with the ASME Code and any built in assumptions 
in the ASME Code formulas. The finalized results are reflected to show 
the set of selected units for this analysis. 
 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Units used in this Analysis (SI_ASME_Unicode): 
 
 Name            System Unit         Constant        User Unit 
 ------------------------------------------------------------- 
 Length          Feet                304.8000        mm 
 Force           Pounds                4.4480        N 
 Mass            Pounds                0.4536        kg 
 Area            sq. inches          645.1600        mm^2 
 Moment          ft. lbs.           1356.3000        N-mm 
 Stress          lbs./sq.in.           0.0069        MPa 
 Temperature     Degrees F             0.5556        °C 
 Pressure        psig                  0.0069        MPa 
 Elast. Modulus  lbs./sq.in.           0.0069        MPa 
 Pipe Density    lbs./cu.in.           0.0277        kg/cm^3 
 Ins. Density    lbs./cu.ft.       0.1602E-04        kg/cm^3 
 Fluid Density   lbs./cu.ft.       0.1602E-04        kg/cm^3 
 Wind Speed      miles/hr              1.6093        km/hr 
 Tray Weight     lbs./sq.ft.           0.0005        kgs/cm^2 
 Inertia         in.**4           416231.0000        mm^4 
 G Load          G's                   1.0000        g's 
 Wind Load       lbs./sq.ft.           0.0479        kPa 
 Elevation       Feet                304.8000        mm 
 Volume          in.**3                0.0164        ltr 
 Diameter        inches               25.4000        mm 
 Thickness       inches               25.4000        mm 
 
 
PV Elite Vessel Analysis Program: Input Data 
 
 Strength Calculation PV-Elite 
 IWS-Monje Heat Exchangers GmbH 
 Wittener Str. 102, 44789 Bochum, Germany 
 
Exchanger Design Pressures and Temperatures 
 
 Shell Side Design Pressure                               2.5  MPa 
 Channel Side Design Pressure                               1  MPa 
 Shell Side Design Temperature                          210.0  °C 
 Channel Side Design Temperature                         95.0  °C 
 Radiography, Shell Side                                 RT-3 
 Radiography, Channel Side                               RT-1 
 Service Type, Shell Side                     Air/Water/Steam 
 Service Type, Channel Side                   Air/Water/Steam 
 MDMT (CET), Shell Side                                 -10.0  °C 
 MDMT (CET), Tube Side                                  -10.0  °C 
 User defined MAWP, Shell Side                            2.5  MPa 
 User defined MAWP, Channel Side                            1  MPa 
 User defined MAPnc, Shell Side                           2.5  MPa 
 User defined MAPnc, Channel Side                           1  MPa 
 User defined Test Pres., Shell Side                     3.75  MPa 
 User defined Test Pres., Channel Side                    1.5  MPa 
 
 ----------------------------------------------------------------- 
 
 Projection of Nozzle from Vessel Top                       0  mm 
 Projection of Nozzle from Vessel Bottom                    0  mm 
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 Type of Construction                                  Welded 
 Use Higher Longitudinal Stresses (Flag)                    N 
 Select t for Internal Pressure (Flag)                      N 
 Select t for External Pressure (Flag)                      N 
 Select t for Axial Stress (Flag)                           N 
 Select Location for Stiff. Rings (Flag)                    N 
 Consider Vortex Shedding                                   N 
 
Shop Pressure Test: 
 Type of Pressure Test                  User Entered Pressure 
 Pressure Test Position                            Horizontal 
 
 Load Case 1                                   NP+EW+WI+FW+BW 
 Load Case 2                                   NP+EW+EE+FS+BS 
 Load Case 3                                   NP+OW+WI+FW+BW 
 Load Case 4                                   NP+OW+EQ+FS+BS 
 Load Case 5                                         NP+HW+HI 
 Load Case 6                                         NP+HW+HE 
 Load Case 7                                   IP+OW+WI+FW+BW 
 Load Case 8                                   IP+OW+EQ+FS+BS 
 Load Case 9                                   EP+OW+WI+FW+BW 
 Load Case 10                                  EP+OW+EQ+FS+BS 
 Load Case 11                                        HP+HW+HI 
 Load Case 12                                        HP+HW+HE 
 Load Case 13                                        IP+WE+EW 
 Load Case 14                                        IP+WF+CW 
 Load Case 15                                        IP+VO+OW 
 Load Case 16                                        IP+VE+EW 
 Load Case 17                                        NP+VO+OW 
 Load Case 18                                     FS+BS+IP+OW 
 Load Case 19                                     FS+BS+EP+OW 
 Load Case 20                                        BL+IP+OW 
 
 Wind Design Code                               No Wind Loads 
 
 Seismic Design Code                               No Seismic 
 
 Design Pressure + Static Head                              Y 
 Consider MAP New and Cold in Noz. Design                   N 
 Consider External Loads for Nozzle Des.                    Y 
 Use ASME VIII-1 Appendix 1-9                               N 
 
 Perform Blast Load Analysis                               No 
 Material Database Year        Current w/Addenda or Code Year 
 
Configuration Directives: 
 
  Do not use Nozzle MDMT Interpretation VIII-1 01-37        No 
  Use Table G instead of exact equation for "A"            Yes 
  Shell Head Joints are Tapered                            Yes 
  Compute "K" in corroded condition                        Yes 
  Use Code Case 2286                                        No 
  Use the MAWP to compute the MDMT                         Yes 
  For thickness ratios <= 0.35, MDMT will be -155F (-104C) Yes 
  For PWHT & P1 Materials the MDMT can be < -55F (-48C)     No 
 
  Using Metric Material Databases, ASME II D                No 



Strength Calculation PV-Elite 
IWS-Monje Heat Exchangers GmbH 
Wittener Str. 102, 44789 Bochum, Germany 
PV Elite 24       Licensee: IWS-Monj? Heat Exchangers GmbH 
FileName : BK12-3102-L800_Airpack-17811_Rev00    ------------ 
Input Echo:                           Step:    1  11:11am   May 5,2022 
 

 

14 

  Calculate B31.3 type stress for Nozzles with Loads       Yes 
  Reduce the MDMT due to lower membrane stress             Yes 
  Consider Longitudinal Stress in MDMT Calculations        Yes 
 
Complete Listing of Vessel Elements and Details: 
 
 Element From Node                                         10 
 Element To Node                                           20 
 Element Type                                            Flat 
 Description                                Channel head flat 
 Distance "FROM" to "TO"                                   27  mm 
 Element Outside Diameter                                 160  mm 
 Element Thickness                                         27  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         27  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        137.9  MPa 
     Allowable Stress, Hydrotest                       179.27  MPa 
     Material Density                                 0.00775  kg/cm^3 
     P Number Thickness                                 31.75  mm 
     Yield Stress, Operating                            239.7  MPa 
     UCS-66 Chart Curve Designation                         B 
     External Pressure Chart Name                        CS-2 
     UNS Number                                        K02700 
     Product Form                                       Plate 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Flat Head Attachment Factor                              0.2 
 Small diameter if Non-Circular                             0  mm 
 Weld is pre-Heated                                        No 
 
     Element From Node                                     10 
     Detail Type                                       Nozzle 
     Detail ID                               Noz N1 Fr10 - Tu 
     Dist. from "FROM" Node / Offset dist                  46  mm 
     Nozzle Diameter                                       40  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                        None 
     Layout Angle                                        90.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                  3.0184  N 
     Grade of Attached Flange                            None 
     Nozzle Matl                                     SA-106 B 
 
     Element From Node                                     10 
     Detail Type                                       Nozzle 
     Detail ID                                    Noz N2 Fr10 
     Dist. from "FROM" Node / Offset dist                  46  mm 
     Nozzle Diameter                                       40  mm 
     Nozzle Schedule                                       40 
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     Nozzle Class                                        None 
     Layout Angle                                       270.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                            None 
     Nozzle Matl                                     SA-106 B 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         20 
 Element To Node                                           30 
 Element Type           Cylinder                      ! Atype 
 Description                            Channel head cylinder 
 Distance "FROM" to "TO"                                   30  mm 
 Element Outside Diameter                                 160  mm 
 Element Thickness                                         13  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         13  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         30 
 Element To Node                                           40 
 Element Type                                          Flange 
 Description                              Channel head flange 
 Distance "FROM" to "TO"                                   18  mm 
 Flange Inside Diameter                                 132.6  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         18  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         40 
 Element To Node                                           50 
 Element Type                                          Flange 
 Description                              Shell flange ring 1 
 Distance "FROM" to "TO"                                   36  mm 
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 Flange Inside Diameter                                   133  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                    SA-182 F316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                       131.56  MPa 
     Allowable Stress, Hydrotest                       179.27  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                           146.59  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Class / Thickness / Grade                         :: > 5 
     Product Form                                    Forgings 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         50 
 Element To Node                                           60 
 Element Type           Cylinder                      ! Atype 
 Description                                       Main Shell 
 Distance "FROM" to "TO"                                753.8  mm 
 Element Outside Diameter                               141.3  mm 
 Element Thickness                                        3.4  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                 2.5  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                   SA-312 TP316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        132.2  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                            146.6  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Product Form                           Smls. & wld. pipe 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Weld is pre-Heated                                        No 
 
     Element From Node                                     50 
     Detail Type                                       Nozzle 



Strength Calculation PV-Elite 
IWS-Monje Heat Exchangers GmbH 
Wittener Str. 102, 44789 Bochum, Germany 
PV Elite 24       Licensee: IWS-Monj? Heat Exchangers GmbH 
FileName : BK12-3102-L800_Airpack-17811_Rev00    ------------ 
Input Echo:                           Step:    1  11:11am   May 5,2022 
 

 

17 

     Detail ID                               Noz N3 - Shell i 
     Dist. from "FROM" Node / Offset dist                  72  mm 
     Nozzle Diameter                                     60.3  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                         300 
     Layout Angle                                       270.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                          GR 2.2 
     Nozzle Matl                                 SA-312 TP316 
 
     Element From Node                                     50 
     Detail Type                                       Nozzle 
     Detail ID                               Noz N4 - Shell o 
     Dist. from "FROM" Node / Offset dist                 692  mm 
     Nozzle Diameter                                     60.3  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                         300 
     Layout Angle                                        90.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                          GR 2.2 
     Nozzle Matl                                 SA-312 TP316 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         60 
 Element To Node                                           70 
 Element Type                                          Flange 
 Description                              Shell flange ring 2 
 Distance "FROM" to "TO"                                   36  mm 
 Flange Inside Diameter                                   133  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                    SA-182 F316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        131.6  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                            146.6  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Class / Thickness / Grade                         :: > 5 
     Product Form                                    Forgings 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
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 Element From Node                                         70 
 Element To Node                                           80 
 Element Type                                          Flange 
 Description                                       Cover head 
 Distance "FROM" to "TO"                                   25  mm 
 Flange Outside Diameter                                  220  mm 
 Element Thickness                                         25  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        137.9  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                 0.00775  kg/cm^3 
     P Number Thickness                                30.988  mm 
     Yield Stress, Operating                            239.7  MPa 
     UCS-66 Chart Curve Designation                         B 
     External Pressure Chart Name                        CS-2 
     UNS Number                                        K02700 
     Product Form                                       Plate 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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XY Coordinate Calculations: 
 
           |    |            |            |             |             | 
  From     | To |  X (Horiz.)|  Y (Vert.) |  DX (Horiz.)|  DY (Vert.) | 
           |    |         mm |         mm |          mm |          mm | 
 ---------------------------------------------------------------------- 
 Channel head fl|         27 |        ... |          27 |         ... | 
 Channel head cy|         57 |        ... |          30 |         ... | 
 Channel head fl|         57 |        ... |         -18 |         ... | 
 Shell flange ri|    134.525 |        ... |          36 |         ... | 
      Main Shell|    888.325 |        ... |       753.8 |         ... | 
 Shell flange ri|    924.325 |        ... |          36 |         ... | 
      Cover head|     962.85 |        ... |          25 |         ... | 
 ---------------------------------------------------------------------- 
 
PV Elite includes an 1/8 inch (3.175mm) raised face and gasket thicknesses for girth 
flanges and tubesheet thicknesses where applicable in the Tangent to Tangent length calculation. 
The calculated dimensions are based on the given element lengths.  Due to variability in 
manufacturing (weld gaps etc.), the Tangent to Tangent length may not be exact. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Channel Fla.  : 
 
Channel head flange 
 
 Flange Type                                    Integral Ring 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                        95  °C 
 Internal Corrosion Allowance              ci          1.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 
 Attached Shell Inside Diameter             B        132.6000  mm 
 Integral Ring Inside Diameter                       158.6000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 
 Flange Material                                    SA-516 70 
 Flange Material UNS number                            K02700 
 Flange Allowable Stress At Temperature   Sfo          137.90  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Length of Weld Leg at Back of Ring        tw          0.0000  mm 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
 Corroded Flange Thickness, tc = T-ci                     17.000  mm 
 Corroded Flange ID,      Bcor = B+2*Fcor                134.600  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     0.000  mm 
 Corroded Small Hub,     g0Cor = go-ci                     0.000  mm 
 Code R Dimension,           R = ((C-Bcor)/2)-g1cor       22.500  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 134.6² * 1./4 
  = 14227.976 N 
 
Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 14228 
  = 7152.672 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
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Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 17.0/(0.0 + 0.5) 
  = 229.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 17.0 )), 1 ) 
  = 1.7307 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 Distance Across Corners for Nuts                      24.613  mm 
 Circular Wrench End Diameter                     a    38.100  mm 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
 Radial Distance between Hub and Bolts:      15.875     23.500 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    229.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
 
Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
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  = ( 22.5 + 0.0 + 7.3 )/2 
  = 14.9000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 22.5 +( 0.0/2.0 ) 
  = 22.5000 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      14228. |    22.5000 |     1.7307 |         554261. | 
 Face Pressure,  Mt       7153. |    14.9000 |     1.7307 |         184520. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7307 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7307 |         489289. | 
 
 Total Moment for Operation,      Mop                               738781. N-mm 
 Total Moment for Gasket seating, Matm                              489289. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)            0.000 mm 
 Hub Ratio,          h/h0 = Defined as 0                0.000 
 Thickness Ratio,   g1/g0 = Defined as 0.0              0.000 
 Factors from Figure 2-7.1                     K =      1.634 
                     T =      1.653            U =      4.535 
                     Y =      4.126            Z =      2.197 
 
Tangential Flange Stress, Operating [Sto]: 
  = ( Y * Mop )/( t² * Bcor ) 
  = (4.1264*738781)/(17.0²*134.6) 
  = 78.34 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( Y * Matm )/( t² * Bcor ) 
  = (4.1264*489289)/(17.0²*134.6) 
  = 51.89 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Tangential Flange           78.34 |      137.90 |       51.89 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     14.249 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
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 Estimated Finished Weight of Flange at given Thk.        3.4 kg 
 Estimated Unfinished Weight of Forging at given Thk      3.4 kg 
 
Required Fillet Weld Leg size for Slip on Flanges: 
  = max( tn, ( 6 mm or 1/4 inch ) )  no hub size given 
  = max( 12.0, 6.0 ) 
  = 12.000 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Shell Fl. 1   : 
 
Shell flange ring 1 
 
 Flange Type                               Integral Weld Neck 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                       210  °C 
 Internal Corrosion Allowance              ci          0.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 Flange Inside Diameter                     B         133.000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 Thickness of Hub at Small End             go          3.4000  mm 
 Thickness of Hub at Large End             g1          4.5000  mm 
 Length of Hub                              h         18.0000  mm 
 
 Flange Material                                  SA-182 F316 
 Flange Material UNS number                            S31600 
 Flange Allowable Stress At Temperature   Sfo          131.56  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 



Strength Calculation PV-Elite 
IWS-Monje Heat Exchangers GmbH 
Wittener Str. 102, 44789 Bochum, Germany 
PV Elite 24       Licensee: IWS-Monj? Heat Exchangers GmbH 
FileName : BK12-3102-L800_Airpack-17811_Rev00    ------------ 
Flg Calc [Int P]: Shell Fl. 1         Flng:   38  11:11am   May 5,2022 
 

 

26 

 
 
 
ASME Code, Section VIII Division 1, 2021 
 
Hub Small End Required Thickness due to Internal Pressure: 
  = (P*(D/2+Ca))/(S*E-0.6*P) per UG-27 (c)(1) 
  = (1.*(133.0/2+0.0))/(131.56*1.0-0.6*1.)+Ca 
  = 0.5078 mm 
 
Hub Small End Hub MAWP: 
  = (S*E*t)/(R+0.6*t) per UG-27 (c)(1) 
  = (131.56 * 1.0 * 3.4)/(66.5 + 0.6 * 3.4 ) 
  = 6.526 MPa 
 
 Corroded Flange ID,      Bcor = B+2*Fcor                133.000  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     4.500  mm 
 Corroded Small Hub,     g0Cor = go-ci                     3.400  mm 
 Code R Dimension,           R = (C-B)/2 - g1             18.800  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 133.0² * 1./4 
  = 13891.725 N 
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Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 13892 
  = 7488.922 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 18.0/(0.0 + 0.5) 
  = 241.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 18.0 )), 1 ) 
  = 1.7106 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
Radial Distance between Hub and Bolts:      20.637     18.800 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    241.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
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Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
  = ( 18.8 + 4.5 + 7.3 )/2 
  = 15.3000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 18.8 +( 4.5/2.0 ) 
  = 21.0500 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      13892. |    21.0500 |     1.7106 |         500421. | 
 Face Pressure,  Mt       7489. |    15.3000 |     1.7106 |         196082. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7106 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7106 |         483619. | 
 
 Total Moment for Operation,      Mop                               696503. N-mm 
 Total Moment for Gasket seating, Matm                              483619. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)           21.265 mm 
 Hub Ratio,          h/h0 = HL / H0                     0.846 
 Thickness Ratio,   g1/g0 = (g1Cor/goCor)               1.324 
 
Flange Factors for Integral Flange: 
 Factor F                                               0.835 
 Factor V                                               0.330 
 Factor f                                               1.000 
 Factors from Figure 2-7.1                     K =      1.654 
                     T =      1.645            U =      4.431 
                     Y =      4.032            Z =      2.152 
                     e =     0.0393 1/mm       d =   3305.564 mm³ 
 Stress Factors                            Alpha =      1.707 
                  Beta =      1.942        Gamma =      1.038 
                 Delta =      1.764       Lambda =      2.802 
 
Longitudinal Hub Stress, Operating [SHo]: 
  = ( f * Mop / Bcor ) / ( L * g1² ) 
  = (1.0*696503/133.0)/(2.8021*4.5²) 
  = 92.26 MPa 
 
Longitudinal Hub Stress, Seating [SHa]: 
  = ( f * Matm / Bcor ) / ( L * g1² ) 
  = (1.0*483619/133.0)/(2.8021*4.5²) 
  = 64.06 MPa 
 
Radial Flange Stress, Operating [SRo]: 
  = ( beta * Mop / Bcor ) / ( L * t² ) 
  = (1.9424*696503/133.0)/(2.8021*18.0²) 
  = 11.20 MPa 
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Radial Flange Stress, Seating [SRa]: 
  = ( beta * Matm/Bcor ) / ( L * t² ) 
  = (1.9424*483619/133.0)/(2.8021*18.0²) 
  = 7.78 MPa 
 
Tangential Flange Stress, Operating [STo]: 
  = ( Y * Mo / (t² * Bcor) ) - Z * SRo 
  = (4.0324*696503/(18.0²*133.0))-2.152*11 
  = 41.05 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( y * Matm / (t² * Bcor) ) - Z * SRa 
  = (4.0324*483619/(18.0²*133.0))-2.152*8 
  = 28.50 MPa 
 
Average Flange Stress, Operating [SAo]: 
  = ( SHo + max( SRo, STo ) ) / 2 
  = (92+max(11,41))/2 
  = 66.66 MPa 
 
Average Flange Stress, Seating [SAa]: 
  = ( SHa + max( SRa, STa ) ) / 2 
  = (64+max(8,29))/2 
  = 46.28 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Longitudinal Hub            92.26 |      197.34 |       64.06 |      206.85 | 
 Radial Flange               11.20 |      131.56 |        7.78 |      137.90 | 
 Tangential Flange           41.05 |      131.56 |       28.50 |      137.90 | 
 Maximum Average             66.66 |      131.56 |       46.28 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     12.141 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
 Estimated Finished Weight of Flange at given Thk.        3.7 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.0 kg 
 
SA-182 F316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Shell Fl. 2   : 
 
Shell flange ring 2 
 
 Flange Type                               Integral Weld Neck 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                       210  °C 
 Internal Corrosion Allowance              ci          0.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 Flange Inside Diameter                     B         133.000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 Thickness of Hub at Small End             go          3.4000  mm 
 Thickness of Hub at Large End             g1          4.5000  mm 
 Length of Hub                              h         18.0000  mm 
 
 Flange Material                                  SA-182 F316 
 Flange Material UNS number                            S31600 
 Flange Allowable Stress At Temperature   Sfo          131.60  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
Hub Small End Required Thickness due to Internal Pressure: 
  = (P*(D/2+Ca))/(S*E-0.6*P) per UG-27 (c)(1) 
  = (1.*(133.0/2+0.0))/(131.6*1.0-0.6*1.)+Ca 
  = 0.5076 mm 
 
Hub Small End Hub MAWP: 
  = (S*E*t)/(R+0.6*t) per UG-27 (c)(1) 
  = (131.6 * 1.0 * 3.4)/(66.5 + 0.6 * 3.4 ) 
  = 6.528 MPa 
 
 Corroded Flange ID,      Bcor = B+2*Fcor                133.000  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     4.500  mm 
 Corroded Small Hub,     g0Cor = go-ci                     3.400  mm 
 Code R Dimension,           R = (C-B)/2 - g1             18.800  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 133.0² * 1./4 
  = 13891.725 N 
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Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 13892 
  = 7488.922 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 18.0/(0.0 + 0.5) 
  = 241.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 18.0 )), 1 ) 
  = 1.7106 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
Radial Distance between Hub and Bolts:      20.637     18.800 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    241.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
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Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
  = ( 18.8 + 4.5 + 7.3 )/2 
  = 15.3000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 18.8 +( 4.5/2.0 ) 
  = 21.0500 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      13892. |    21.0500 |     1.7106 |         500421. | 
 Face Pressure,  Mt       7489. |    15.3000 |     1.7106 |         196082. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7106 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7106 |         483619. | 
 
 Total Moment for Operation,      Mop                               696503. N-mm 
 Total Moment for Gasket seating, Matm                              483619. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)           21.265 mm 
 Hub Ratio,          h/h0 = HL / H0                     0.846 
 Thickness Ratio,   g1/g0 = (g1Cor/goCor)               1.324 
 
Flange Factors for Integral Flange: 
 Factor F                                               0.835 
 Factor V                                               0.330 
 Factor f                                               1.000 
 Factors from Figure 2-7.1                     K =      1.654 
                     T =      1.645            U =      4.431 
                     Y =      4.032            Z =      2.152 
                     e =     0.0393 1/mm       d =   3305.564 mm³ 
 Stress Factors                            Alpha =      1.707 
                  Beta =      1.942        Gamma =      1.038 
                 Delta =      1.764       Lambda =      2.802 
 
Longitudinal Hub Stress, Operating [SHo]: 
  = ( f * Mop / Bcor ) / ( L * g1² ) 
  = (1.0*696503/133.0)/(2.8021*4.5²) 
  = 92.26 MPa 
 
Longitudinal Hub Stress, Seating [SHa]: 
  = ( f * Matm / Bcor ) / ( L * g1² ) 
  = (1.0*483619/133.0)/(2.8021*4.5²) 
  = 64.06 MPa 
 
Radial Flange Stress, Operating [SRo]: 
  = ( beta * Mop / Bcor ) / ( L * t² ) 
  = (1.9424*696503/133.0)/(2.8021*18.0²) 
  = 11.20 MPa 
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Radial Flange Stress, Seating [SRa]: 
  = ( beta * Matm/Bcor ) / ( L * t² ) 
  = (1.9424*483619/133.0)/(2.8021*18.0²) 
  = 7.78 MPa 
 
Tangential Flange Stress, Operating [STo]: 
  = ( Y * Mo / (t² * Bcor) ) - Z * SRo 
  = (4.0324*696503/(18.0²*133.0))-2.152*11 
  = 41.05 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( y * Matm / (t² * Bcor) ) - Z * SRa 
  = (4.0324*483619/(18.0²*133.0))-2.152*8 
  = 28.50 MPa 
 
Average Flange Stress, Operating [SAo]: 
  = ( SHo + max( SRo, STo ) ) / 2 
  = (92+max(11,41))/2 
  = 66.66 MPa 
 
Average Flange Stress, Seating [SAa]: 
  = ( SHa + max( SRa, STa ) ) / 2 
  = (64+max(8,29))/2 
  = 46.28 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Longitudinal Hub            92.26 |      197.40 |       64.06 |      206.85 | 
 Radial Flange               11.20 |      131.60 |        7.78 |      137.90 | 
 Tangential Flange           41.05 |      131.60 |       28.50 |      137.90 | 
 Maximum Average             66.66 |      131.60 |       46.28 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     12.141 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
 Estimated Finished Weight of Flange at given Thk.        3.7 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.0 kg 
 
SA-182 F316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Cover head    : 
 
Cover head 
 
 Flange Type                                            Blind 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                        95  °C 
 Internal Corrosion Allowance              ci          1.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         25.0000  mm 
 
 Flange Material                                    SA-516 70 
 Flange Material UNS number                            K02700 
 Flange Allowable Stress At Temperature   Sfo          137.90  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of the Load Reaction, Long  Span  D           0.000  mm 
 Diameter of the Load Reaction, Short Span  d           0.000  mm 
 Perimeter along the Center of the Bolts    L         564.230  mm 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 24.0/(0.0 + 0.5) 
  = 313.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 24.0 )), 1 ) 
  = 1.6034 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    313.400 
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 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 
  = 21380.65 N 
 
Moment Arm Calculations: 
 
Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Tangential Flange Stress, Flat Head (UG-34), Operating [STo]: 
  = 1.9 * Wm1 * hG * Bsc/(t² * G) + C * Z * Peq * G²/t² 
  = 1.9*21381*7.3*1.6034/(24.0²*165.0)+0.3*1.0*1.*165.0²/24.0² 
  = 19.18 MPa 
 
Tangential Flange Stress, Flat Head (UG-34), Seating [STa]: 
  = 1.9 * W * hG * Bsc/ (t² * G) 
  = 1.9*38713*7.3*1.603/(24.0²*165.0) 
  = 9.06 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Tangential Flange           19.18 |      137.90 |        9.06 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Reqd. Blind Flange Thickness at Center                 9.951 mm 
 Reqd. Blind Flange Thickness at Gasket                 7.151 mm 
 Estimated M.A.W.P. ( Operating )                           3 MPa 
 Estimated Finished Weight of Flange at given Thk.        7.4 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.4 kg 
 
Minimum Design Metal Temperature Results: 
Thickness Ratio = 0.381, Temperature Reduction per Fig. UCS 66.1 = 56 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)           -48 °C 
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PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Internal Pressure Results Summary: 
 
Element Thickness, Pressure, Diameter and Allowable Stress : 
 
            |    | Int. Press |    Nominal | Total Corr |    Element |  Allowable | 
  From      | To | + Liq. Hd  |  Thickness |  Allowance |   Diameter |  Stress(SE)| 
            |    |        MPa |         mm |         mm |         mm |        MPa | 
 ---------------------------------------------------------------------------------- 
 Channel head fla|          1 |         27 |          1 |        160 |      137.9 | 
 Channel head cyl|          1 |         13 |          1 |        160 |      137.9 | 
 Channel head fla|          1 |         18 |          1 |      132.6 |      137.9 | 
 Shell flange rin|          1 |        ... |        ... |        133 |     131.56 | 
       Main Shell|        2.5 |        ... |        ... |      141.3 |      132.2 | 
 Shell flange rin|          1 |        ... |        ... |        133 |      131.6 | 
       Cover head|          1 |        ... |          1 |        220 |      137.9 | 
 ---------------------------------------------------------------------------------- 
 
Element Required Thickness and MAWP : 
 
            |    |     Design |   M.A.W.P. |     M.A.P. |    Minimum |   Required | 
  From      | To |   Pressure |   Corroded | New & Cold |  Thickness |  Thickness | 
            |    |        MPa |        MPa |        MPa |         mm |         mm | 
 ---------------------------------------------------------------------------------- 
 Channel head fla|          1 |     25.958 |    27.9932 |         27 |    6.10314 | 
 Channel head cyl|          1 |    22.0053 |    23.9666 |         13 |        3.5 | 
 Channel head fla|          1 |    1.76016 |    1.95811 |         18 |    14.2494 | 
 Shell flange rin|          1 |    1.97362 |    2.06878 |         18 |    12.1412 | 
       Main Shell|        2.5 |    6.48694 |    6.76663 |        3.4 |        1.5 | 
 Shell flange rin|          1 |    1.97425 |    2.06878 |         18 |    12.1412 | 
       Cover head|          1 |    2.62127 |    2.62127 |         25 |    9.95133 | 
 ---------------------------------------------------------------------------------- 
 
Summary of Heat Exchanger Maximum Allowable Working Pressures : 
 
Note: 
For Exchanger designs, the following values include MAWPs that 
consider the tubesheet, tubes, tube/tubesheet joint etc.  These 
values were determined by iteration. Review the tubesheet analysis 
report for more information. 
 
 Shell Side MAWP     =                2 MPa 
 Shell Side MAPnc    =                2 MPa 
 Channel Side  MAWP  =                1 MPa 
 Channel Side  MAPnc =                1 MPa 
 
Elements Suitable for Design Internal Pressure. 
 
Internal Pressure Calculation Results: 
 
ASME Code, Section VIII Division 1, 2021 
 
Welded Flat Head From 10 To 20 SA-516 70 , UCS-66 Crv. B at 95 °C 
 
Channel head flat 
 
Longitudinal      Joint:    User Defined 
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Material UNS Number:    K02700 
 
Required Thickness due to Internal Pressure [tr]: 
  = d * sqrt(Z*C*P/(S*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(137.9*1.0)) 
  = 5.1031 + 1.0000 = 6.1031 mm 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (t/d)²*((S*E)/(C*Z)) per UG-34 (c)(3) 
  = ((26.0)/134.0)²*((137.9*1.0)/(0.2*1.0)) 
  = 26 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (t/d)²*((S*E)/(C*Z)) per UG-34 (c)(3) 
  = (27.0/134.0)²*((137.9*1.0)/(0.2*1.0)) 
  = 28 MPa 
 
Actual stress at given pressure and thickness, corroded [Sact]: 
  = (Z*C*P)/(((t/d)²)*E) 
  = (1.0*0.2*1.)/((((26.0)/134.0)²)*1.0) 
  = 5.312 MPa 
 
Minimum Design Metal Temperature Results: 
 
tg = 13.0, tg_sr = 27.0, tr = 5.103, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg_sr - c) = 0.196, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -21 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 Min Metal Temp. w/o impact per UG-20(f)                    -29 °C 
 
Cylindrical Shell From 20 To 30 SA-516 70 , UCS-66 Crv. B at 95 °C 
 
Channel head cylinder 
 
Longitudinal      Joint:    User Defined 
 
Material UNS Number:    K02700 
 
Required Thickness due to Internal Pressure [tr]: 
  = (P*Ro) / (S*E+0.4*P) per Appendix 1-1 (a)(1) 
  = (1.*80.0)/(137.9*1.0+0.4*1.) 
  = 0.5785 + 1.0000 = 1.5785 mm 
 
Note: The thickness required was less than the Code Minimum, therefore 
the Code Minimum value of 2.5000 mm  per UG-16 will be used. 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*12.0)/(80.0-0.4*12.0) 
  = 22 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*13.0)/(80.0-0.4*13.0) 
  = 24 MPa 
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Actual stress at given pressure and thickness, corroded [Sact]: 
  = (P*(Ro-0.4*t))/(E*t) 
  = (1.*((80.0-0.4*12.0))/(1.0*12.0) 
  = 6.267 MPa 
 
% Elongation per Table UG-79-1 (50*tnom/Rf*(1-Rf/Ro))  8.844 % 
Note: Please Check Requirements of UCS-79 as Elongation is > 5%. 
 
Minimum Design Metal Temperature Results: 
 
Govrn. thk, tg = 13.0, tr = 2.5, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.208, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -21 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 Min Metal Temp. w/o impact per UG-20(f)                    -29 °C 
 
Cylindrical Shell From 50 To 60 SA-312 TP316 at 210 °C 
 
Main Shell 
 
Longitudinal      Joint:    User Defined 
 
Material UNS Number:    S31600 
 
Required Thickness due to Internal Pressure [tr]: 
  = (P*Ro) / (S*E+0.4*P) per Appendix 1-1 (a)(1) 
  = (2.5*70.65)/(132.2*1.0+0.4*2.5) 
  = 1.3260 + 0.0000 = 1.3260 mm 
 
Note: The thickness required was less than the Code Minimum, therefore 
the Code Minimum value of 1.5000 mm  per UG-16 will be used. 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (132.2*1.0*3.4)/(70.65-0.4*3.4) 
  = 6 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*3.4)/(70.65-0.4*3.4) 
  = 7 MPa 
 
Actual stress at given pressure and thickness, corroded [Sact]: 
  = (P*(Ro-0.4*t))/(E*t) 
  = (2.5*((70.65-0.4*3.4))/(1.0*3.4) 
  = 50.949 MPa 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Note: Heads and Shells Exempted to -20F (-29C) by paragraph UG-20F 
 
 
Hydrostatic Test Pressure Results: 
 
Exchanger Shell Side Hydrostatic Test Pressures: 
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 Pressure per UG99b     = 1.30 * M.A.W.P. * Sa/S          3.390  MPa 
 Pressure per UG99b[35] = 1.30 * Design Pres * Sa/S       3.390  MPa 
 Pressure per UG99c     = 1.30 * M.A.P. - Head(Hyd)       3.248  MPa 
 Pressure per UG100     = 1.10 * M.A.W.P. * Sa/S          2.869  MPa 
 Pressure per PED       = max(1.43*DP, 1.25*DP*ratio)     3.575  MPa 
 Pressure per App 27-4  = M.A.W.P.                        2.500  MPa 
 
User defined Hydrostatic Test Pressures: 
 
 Shell Side  Test Pressure at  High Point                 3.750  MPa 
 Channel Side Test Pressure at High Point                 1.500  MPa 
 
Exchanger Channel Side Hydrostatic Test Pressures: 
 
 Pressure per UG99b     = 1.30 * M.A.W.P. * Sa/S          1.300  MPa 
 Pressure per UG99b[35] = 1.30 * Design Pres * Sa/S       1.300  MPa 
 Pressure per UG99c     = 1.30 * M.A.P. - Head(Hyd)       1.298  MPa 
 Pressure per UG100     = 1.10 * M.A.W.P. * Sa/S          1.100  MPa 
 Pressure per PED       = max(1.43*DP, 1.25*DP*ratio)     1.430  MPa 
 Pressure per App 27-4  = M.A.W.P.                        1.000  MPa 
 
Horizontal Test performed per: User Hydro Pressure 
 
Please note that Nozzle, Shell, Head, Flange, etc MAWPs are all considered 
when determining the hydrotest pressure for those test types that are based 
on the MAWP of the vessel. 
 
Stresses on Elements due to Test Pressure (MPa): 
 
 From To              |    Stress |  Allowable |       Ratio | Pressure | 
 ------------------------------------------------------------------------ 
 Channel head flat    |       7.4 |      179.3 |       0.041 |     1.50 | 
 Channel head cylinde |       8.6 |      179.3 |       0.048 |     1.50 | 
 Main Shell           |      76.5 |      179.3 |       0.426 |     3.75 | 
 ------------------------------------------------------------------------ 
 
Stress ratios for Nozzle and Pad Materials (MPa): 
 
 Description          | Pad/Nozzle |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Noz N1 Fr10 - Tu     |     Nozzle |    117.90 |       117.90 |   1.000 | 
Noz N2 Fr10          |     Nozzle |    117.90 |       117.90 |   1.000 | 
Noz N3 - Shell i     |     Nozzle |    117.22 |       112.32 |   1.044 | 
Noz N4 - Shell o     |     Nozzle |    117.22 |       112.32 |   1.044 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.000 
 
Stress ratios for Pressurized Vessel Elements (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Channel head flat                 |    137.90 |       137.90 |   1.000 | 
Channel head cylinde              |    137.90 |       137.90 |   1.000 | 
Channel head flange               |    137.90 |       137.90 |   1.000 | 
Shell flange ring 1               |    137.90 |       131.56 |   1.048 | 
Main Shell                        |    137.90 |       132.20 |   1.043 | 
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Shell flange ring 2               |    137.90 |       131.60 |   1.048 | 
Cover head                        |    137.90 |       137.90 |   1.000 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.000 
 
Stress ratios for Exchanger Materials (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Tube Material                     |     68.95 |        59.71 |   1.155 | 
Tubesheet Material                |    115.15 |        97.91 |   1.176 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.155 
 
Hoop Stress in Nozzle Wall during Pressure Test (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
 Noz N1 Fr10 - Tu                  |      5.41 |       153.28 |   0.035 | 
 Noz N2 Fr10                       |      5.41 |       153.28 |   0.035 | 
 Noz N3 - Shell i                  |     26.78 |       152.38 |   0.176 | 
 Noz N4 - Shell o                  |     26.78 |       152.38 |   0.176 | 
 ------------------------------------------------------------------------ 
 
Elements Suitable for Test Pressure. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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External Pressure Calculation Results : 
 
External Pressure Calculations: 
 
      |      |    Section |    Outside |  Corroded |    Factor  |     Factor | 
  From|   To |     Length |   Diameter | Thickness |       A    |        B   | 
      |      |         mm |         mm |        mm |            |        MPa | 
 ----------------------------------------------------------------------------- 
    10|    20|    No Calc |        ... |        26 |    No Calc |    No Calc | 
    20|    30|         30 |        160 |        12 |   0.096675 |    122.731 | 
    30|    40|    No Calc |        ... |        17 |    No Calc |    No Calc | 
    40|    50|    No Calc |        ... |        18 |    No Calc |    No Calc | 
    50|    60|      753.8 |      141.3 |       3.4 | 0.00082629 |    58.4069 | 
    60|    70|    No Calc |        ... |        18 |    No Calc |    No Calc | 
    70|    80|    No Calc |        ... |        24 |    No Calc |    No Calc | 
 ----------------------------------------------------------------------------- 
 
External Pressure Calculations: 
 
      |      |   External |   External |        External |    External | 
  From|   To |  Actual T. | Required T.| Design Pressure |    M.A.W.P. | 
      |      |         mm |         mm |             MPa |         MPa | 
 ----------------------------------------------------------------------- 
    10|    20|         27 |    No Calc |          0.1013 |     No Calc | 
    20|    30|         13 |    1.25164 |          0.1013 |     12.2731 | 
    30|    40|         18 |    10.4394 |          0.1013 |     No Calc | 
    40|    50|         18 |     6.9596 |          0.1013 |     No Calc | 
    50|    60|        3.4 |    0.95704 |          0.1013 |     1.87387 | 
    60|    70|         18 |     6.9596 |          0.1013 |     No Calc | 
    70|    80|         25 |     6.9342 |          0.1013 |     No Calc | 
 ----------------------------------------------------------------------- 
    Minimum                                                          2 
 
External Pressure Calculations: 
 
      |      |   Actual Length | Allowable Length | Ring Inertia | Ring Inertia | 
  From|   To | Bet. Stiffeners |  Bet. Stiffeners |     Required |    Available | 
      |      |              mm |               mm |         mm^4 |         mm^4 | 
 -------------------------------------------------------------------------------- 
    10|    20|         No Calc |          No Calc |      No Calc |      No Calc | 
    20|    30|              30 |          3634.68 |      No Calc |      No Calc | 
    30|    40|         No Calc |          No Calc |      No Calc |      No Calc | 
    40|    50|         No Calc |          No Calc |      No Calc |      No Calc | 
    50|    60|           753.8 |          55631.4 |      No Calc |      No Calc | 
    60|    70|         No Calc |          No Calc |      No Calc |      No Calc | 
    70|    80|         No Calc |          No Calc |      No Calc |      No Calc | 
 -------------------------------------------------------------------------------- 
 
Elements Suitable for External Pressure. 
 
ASME Code, Section VIII Division 1, 2021 
 
Welded Flat Head 
 
Channel head flat 
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Note: This element's required thickness was computed in the internal 
Pressure Report using the maximum of the Internal and External 
pressures. 
 
 ----------------------------------------------------------------------------------------------- 
 
Cylindrical Shell From 50 to 60 Ext. Chart: HA-2 at 210 °C 
 
Main Shell 
Elastic Modulus from Chart: HA-2 at 210 °C: 178099 MPa 
 
                                                |                                   | 
 Results for Maximum Allowable Ext. Pressure    |                             MAEP  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   3.400 |     141.30 |      753.80 |     41.56 |    5.3347 |  0.0008263 |    58.41 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*58.4069)/(3*41.5588) = 1.8739 MPa 
 
                                                |                                   | 
 Results for Required Thickness                 |                              Tca  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   0.957 |     141.30 |      753.80 |    147.64 |    5.3347 |  0.0001260 |    11.22 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*11.2178)/(3*147.6435) = 0.1013 MPa 
 
                                                |                                   | 
 Results for Maximum Stiffened Length           |                             Slen  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   3.400 |     141.30 |    55631.38 |     41.56 |   50.0000 |  0.0006433 |    54.15 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*54.1462)/(3*41.5588) = 1.7372 MPa 
 
 ----------------------------------------------------------------------------------------------- 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Element and Detail Weights: 
 
      |    |    Element |    Element |  Corroded |   Corroded | Extra due  | 
  From| To | Metal Wgt. | ID  Volume |Metal Wgt. |  ID Volume | Misc %     | 
      |    |         kg |        ltr |        kg |        ltr |         kg | 
 --------------------------------------------------------------------------- 
    10|  20|    4.20749 |        ... |   4.05166 |        ... |        ... | 
    20|  30|    1.39592 |    0.42315 |   1.29731 |    0.43588 |        ... | 
    30|  40|    3.37665 |        ... |   3.37665 |        ... |        ... | 
    40|  50|    3.73074 |    0.50023 |   3.73074 |    0.50023 |        ... | 
    50|  60|     8.9129 |    7.98337 |    8.9129 |    7.98337 |        ... | 
    60|  70|    3.73074 |    0.50023 |   3.73074 |    0.50023 |        ... | 
    70|  80|    7.36555 |        ... |   7.36555 |        ... |        ... | 
 --------------------------------------------------------------------------- 
     Total |         32 |       9.41 |        32 |       9.42 |          0 | 
 
For elements specified as shell side elements, the volume(s) shown 
above for those elements, reflects the displacement of the tubes. 
 
Weight of Details: 
 
      |    |  Weight of |  X Offset, | Y Offset, |    Z Offset | 
  From|Type|     Detail | Dtl. Cent. |Dtl. Cent. |  Dtl. Cent. | Description 
      |    |         kg |         mm |        mm |          mm | 
 --------------------------------------------------------------- 
    10|Nozl|    0.30781 |        ... |       100 |         ... |   Noz N1 Fr10 - Tu 
    10|Nozl|    0.32816 |        ... |      -100 |         ... |   Noz N2 Fr10 
    50|Nozl|    4.92907 |         72 |     -97.4 |         ... |   Noz N3 - Shell i 
    50|Nozl|    4.92907 |        692 |      97.4 |         ... |   Noz N4 - Shell o 
    30|FTsh|    3.79983 |         36 |       ... |         ... |   Tubesheet fix 
    30|Tube|    6.29457 |        437 |       ... |         ... |   Tubes 
    30|FlTs|    2.16206 |        852 |       ... |         ... | 
 --------------------------------------------------------------- 
 
Total Weight of Each Detail Type: 
 
 Nozzles                            10.5 
 Exchanger Components               12.3 
 ------------------------------------------- 
 Sum of the Detail Weights          22.8  kg 
 
Weight Summation Results: (kg) 
 
               | Fabricated |  Shop Test |   Shipping |    Erected |      Empty |  Operating | 
 --------------------------------------------------------------------------------------------- 
 Main Elements |       32.7 |       32.7 |       32.7 |       32.7 |       32.7 |       32.7 | 
       Nozzles |       10.5 |       10.5 |       10.5 |       10.5 |       10.5 |       10.5 | 
     Exchanger |       12.3 |       12.3 |       12.3 |       12.3 |       12.3 |       12.3 | 
   Test Liquid |        ... |        9.4 |        ... |        ... |        ... |        ... | 
  Tube Tst Lqd |        ... |        2.3 |        ... |        ... |        ... |        ... | 
 --------------------------------------------------------------------------------------------- 
        Totals |       55.5 |       67.2 |       55.5 |       55.5 |       55.5 |       55.5 | 
 
Weight Summary: 
 
 Fabricated Wt.  - Bare Weight without Removable Internals                    55.5 kg 
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 Shop Test Wt.   - Fabricated Weight + Water ( Full )                         67.2 kg 
 Shipping Wt.    - Fab. Weight + removable Intls.+ Shipping App.              55.5 kg 
 Erected  Wt.    - Fab. Wt + or - loose items (trays,platforms etc.)          55.5 kg 
 Ope. Wt. no Liq - Fab. Weight + Internals. + Details + Weights               55.5 kg 
 Operating Wt.   - Empty Weight + Operating Liq. Uncorroded                   55.5 kg 
 Oper. Wt. + CA  - Corr Wt. + Operating Liquid                                55.2 kg 
 Field Test Wt.  - Empty Weight + Water (Full)                                67.2 kg 
 
Exchanger Tube Data 
 Volume of Exchanger tubes  :                            2.3 ltr 
 Weight of Ope Liq in tubes :                            0.0 kg 
 Weight of Water in tubes   :                            2.3 kg 
 
Note: 
The Corroded Weight and thickness are used in the Horizontal 
Vessel Analysis (Ope Case) and Earthquake Load Calculations. 
 
Outside Surface Areas of Elements: 
 
      |    |        Surface | 
  From| To |           Area | 
      |    |           mm^2 | 
 ---------------------------- 
    10|  20|            ... | 
    20|  30|        15079.6 | 
    30|  40|        36644.5 | 
    40|  50|          44591 | 
    50|  60|         334617 | 
    60|  70|          44591 | 
    70|  80|          55292 | 
 ---------------------------- 
   Total        530815.312 mm^2 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Flange MAWP Results: (MPa & °C) 
 
 Nozzle        |    Flange Rating | Design |       | Grade/ | Equiv. | - - - - - - Max Pressure | 
 Description   |   Ope. | Ambient |   Temp | Class | Group  |  Press |UG-44(b)|     50% |   DNV | 
 ------------------------------------------------------------------------------------------------ 
 Noz N3 - Shell|   3.52 |    4.96 |   210  |   300 | GR 2.2 |    ... |    ... |     ... |   ... | 
 Noz N4 - Shell|   3.52 |    4.96 |   210  |   300 | GR 2.2 |    ... |    ... |     ... |   ... | 
 
Shellside Flange Rating 
 Lowest Flange Pressure Rating was (Ope)[ShellSide]:      3.524  MPa 
 Lowest Flange Pressure Rating was (Amb)[ShellSide]:      4.960  MPa 
 
Channelside Flange Rating 
 
 
 
Pressure Ratings are per ASME B16.5 2017 Metric Edition 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Shop/Field Installation Options : 
 
 
Note : The CG is computed from the first Element From Node 
 
 Center of Gravity of the Nozzles                            485.222 mm 
 Center of Gravity of the Tubesheet(s)                       406.920 mm 
 Center of Gravity of the Tubes                              512.000 mm 
 
 Center of Gravity of Bare Shell New and Cold                478.350 mm 
 Center of Gravity of Bare Shell Corroded                    481.907 mm 
 
 Vessel CG in the Operating Condition                        477.871 mm 
 Vessel CG in the Fabricated (Shop/Empty) Condition          475.792 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N1 Fr10 - Tube inlet          From:   10 
 
 Pressure for Reinforcement Calculations        P      1.0000  MPa 
 Temperature for Internal Pressure           Temp          95  °C 
 
 Parent Material                                    SA-516 70 
 Parent Allowable Stress at Temperature        Sv      137.90  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Outside Diameter of Flat Head                  D      160.00  mm 
 Large Diameter of Flat Head                   Dl    160.0000  mm 
 Flat Head Attachment Factor                    F        0.20 
 Head Finished (Minimum) Thickness              t     27.0000  mm 
 Head Internal Corrosion Allowance              c      1.0000  mm 
 Head External Corrosion Allowance             co      0.0000  mm 
 
 Distance from Head Centerline                 L1     46.0000  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                            SA-106 B 
 Material UNS Number                                   K03006 
 Material Specification/Type                       Smls. pipe 
 Allowable Stress at Temperature               Sn      117.90  MPa 
 Allowable Stress At Ambient                  Sna      117.90  MPa 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                           90.00  deg 
 Diameter                                             40.0000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      5.0000  mm 
 
 Corrosion Allowance                          can      1.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     50.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 Inside Projection                              h      0.0000  mm 
 Weld leg size, Inside Element to Shell        Wi      0.0000  mm 
 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Insert/Set-in Nozzle No Pad, no Inside projection 
 
 
Reinforcement CALCULATION, Description: Noz N1 Fr10 - Tube inlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           40.000  mm. 
 Actual Thickness Used in Calculation                   5.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Welded Flat Head, tr [Int. Press] 
  = d * sqrt(Z*C*P/(Sv*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(138*1.0)) 
  = 5.1031 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 1.*20.0/(118*1.0+0.4*1.) 
  = 0.1691 mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl    92.0000  mm 
 Parallel to Vessel Wall                        Rn+tn+t    46.0000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp    10.0000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N1 Fr10 - T. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 1.1691 mm 
 Wall Thickness per UG16(b),                      tr16b = 3.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 6.1031 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 6.1031 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 3.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 4.1200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
  = min[ 4.12, max( 6.1031, 3.5 ) ] 
  = 4.1200 mm 
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Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 1.1691, 4.12 ) 
  = 4.1200 mm 
 
Available Nozzle Neck Thickness = 5.0000 mm --> OK 
 
Nozzle Junction Minimum Design Metal Temperature (MDMT) Calculations: 
 
Nozzle-Shell/Head Weld (UCS-66(a)1(b)), Curve: B 
 ---------------------------------------------------------------------- 
Govrn. thk, tg = 5.0, tr = 0.169, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.042, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 
 Gov. MDMT of the nozzle to shell joint welded assembly :  -104 °C 
 
Weld Size Calculations, Description: Noz N1 Fr10 - T 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      4.0000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.8000 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 1 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 77.0508 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N2 Fr10                       From:   10 
 
 Pressure for Reinforcement Calculations        P      1.0000  MPa 
 Temperature for Internal Pressure           Temp          95  °C 
 
 Parent Material                                    SA-516 70 
 Parent Allowable Stress at Temperature        Sv      137.90  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Outside Diameter of Flat Head                  D      160.00  mm 
 Large Diameter of Flat Head                   Dl    160.0000  mm 
 Flat Head Attachment Factor                    F        0.20 
 Head Finished (Minimum) Thickness              t     27.0000  mm 
 Head Internal Corrosion Allowance              c      1.0000  mm 
 Head External Corrosion Allowance             co      0.0000  mm 
 
 Distance from Head Centerline                 L1     46.0000  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                            SA-106 B 
 Material UNS Number                                   K03006 
 Material Specification/Type                       Smls. pipe 
 Allowable Stress at Temperature               Sn      117.90  MPa 
 Allowable Stress At Ambient                  Sna      117.90  MPa 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                          270.00  deg 
 Diameter                                             40.0000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      5.0000  mm 
 
 Corrosion Allowance                          can      1.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     50.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 Inside Projection                              h      0.0000  mm 
 Weld leg size, Inside Element to Shell        Wi      0.0000  mm 
 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Insert/Set-in Nozzle No Pad, no Inside projection 
 
 
Reinforcement CALCULATION, Description: Noz N2 Fr10 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           40.000  mm. 
 Actual Thickness Used in Calculation                   5.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Welded Flat Head, tr [Int. Press] 
  = d * sqrt(Z*C*P/(Sv*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(138*1.0)) 
  = 5.1031 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 1.*20.0/(118*1.0+0.4*1.) 
  = 0.1691 mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl    92.0000  mm 
 Parallel to Vessel Wall                        Rn+tn+t    46.0000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp    10.0000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N2 Fr10. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 1.1691 mm 
 Wall Thickness per UG16(b),                      tr16b = 3.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 6.1031 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 6.1031 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 3.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 4.1200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
  = min[ 4.12, max( 6.1031, 3.5 ) ] 
  = 4.1200 mm 
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Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 1.1691, 4.12 ) 
  = 4.1200 mm 
 
Available Nozzle Neck Thickness = 5.0000 mm --> OK 
 
Nozzle Junction Minimum Design Metal Temperature (MDMT) Calculations: 
 
Nozzle-Shell/Head Weld (UCS-66(a)1(b)), Curve: B 
 ---------------------------------------------------------------------- 
Govrn. thk, tg = 5.0, tr = 0.169, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.042, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 
 Gov. MDMT of the nozzle to shell joint welded assembly :  -104 °C 
 
Weld Size Calculations, Description: Noz N2 Fr10 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      4.0000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.8000 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 1 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 77.0508 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N3 - Shell inlet              From:   50 
 
 Pressure for Reinforcement Calculations        P      2.5000  MPa 
 Temperature for Internal Pressure           Temp         210  °C 
 Design External Pressure                    Pext        0.10  MPa 
 Temperature for External Pressure         Tempex         210  °C 
 
 Parent Material                                 SA-312 TP316 
 Parent Allowable Stress at Temperature        Sv      132.20  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Inside Diameter of Cylindrical Shell           D      134.50  mm 
 Design Length of Section                       L    753.8000  mm 
 Shell Finished (Minimum) Thickness             t      3.4000  mm 
 Shell Internal Corrosion Allowance             c      0.0000  mm 
 Shell External Corrosion Allowance            co      0.0000  mm 
 
 Distance from Bottom/Left Tangent                     206.52  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                        SA-312 TP316 
 Material UNS Number                                   S31600 
 Material Specification/Type                        Wld. pipe 
 Allowable Stress at Temperature               Sn      132.14  MPa 
 Allowable Stress At Ambient                  Sna      137.90  MPa 
 
Note: The allowables above have been divided by 0.85, see UG-37 [S]. 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                          270.00  deg 
 Diameter                                             60.3000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      4.0000  mm 
 
 Flange Type                                 Weld Neck Flange 
 
 Corrosion Allowance                          can      0.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     39.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 
 Flange Class                                             300 
 Flange Grade                                          GR 2.2 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Abutting/Set-on Nozzle No Pad 
 
 
Reinforcement CALCULATION, Description: Noz N3 - Shell inlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           60.300  mm. 
 Actual Thickness Used in Calculation                   4.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Cylindrical Shell, tr [Int. Press] 
  = P*R/(Sv*E-0.6*P) per UG-27 (c)(1) 
  = 2.5*67.25/(132*1.0-0.6*2.5) 
  = 1.2863 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 2.5*30.15/(132*1.0+0.4*2.5) 
  = 0.5661 mm 
 
Required Nozzle thickness under External Pressure per UG-28 :  0.1670  mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl   104.6000  mm 
 Parallel to Vessel Wall, opening length              d    52.3000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp     8.5000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N3 - Shell. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 0.5661 mm 
 Wall Thickness per UG16(b),                      tr16b = 1.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 1.2863 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 1.5000 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 1.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 3.4200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
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  = min[ 3.42, max( 1.5, 1.5 ) ] 
  = 1.5000 mm 
 
Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 0.5661, 1.5 ) 
  = 1.5000 mm 
 
Available Nozzle Neck Thickness = 4.0000 mm --> OK 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Weld Size Calculations, Description: Noz N3 - Shell 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      3.4000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.3800 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 2 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Drop for this Nozzle is : 7.1373 mm 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 49.5373 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N4 - Shell outlet             From:   50 
 
 Pressure for Reinforcement Calculations        P      2.5000  MPa 
 Temperature for Internal Pressure           Temp         210  °C 
 Design External Pressure                    Pext        0.10  MPa 
 Temperature for External Pressure         Tempex         210  °C 
 
 Parent Material                                 SA-312 TP316 
 Parent Allowable Stress at Temperature        Sv      132.20  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Inside Diameter of Cylindrical Shell           D      134.50  mm 
 Design Length of Section                       L    753.8000  mm 
 Shell Finished (Minimum) Thickness             t      3.4000  mm 
 Shell Internal Corrosion Allowance             c      0.0000  mm 
 Shell External Corrosion Allowance            co      0.0000  mm 
 
 Distance from Bottom/Left Tangent                     826.53  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                        SA-312 TP316 
 Material UNS Number                                   S31600 
 Material Specification/Type                        Wld. pipe 
 Allowable Stress at Temperature               Sn      132.14  MPa 
 Allowable Stress At Ambient                  Sna      137.90  MPa 
 
Note: The allowables above have been divided by 0.85, see UG-37 [S]. 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                           90.00  deg 
 Diameter                                             60.3000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      4.0000  mm 
 
 Flange Type                                 Weld Neck Flange 
 
 Corrosion Allowance                          can      0.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     39.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      3.4000  mm 
 
 Flange Class                                             300 
 Flange Grade                                          GR 2.2 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Abutting/Set-on Nozzle No Pad 
 
 
Reinforcement CALCULATION, Description: Noz N4 - Shell outlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           60.300  mm. 
 Actual Thickness Used in Calculation                   4.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Cylindrical Shell, tr [Int. Press] 
  = P*R/(Sv*E-0.6*P) per UG-27 (c)(1) 
  = 2.5*67.25/(132*1.0-0.6*2.5) 
  = 1.2863 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 2.5*30.15/(132*1.0+0.4*2.5) 
  = 0.5661 mm 
 
Required Nozzle thickness under External Pressure per UG-28 :  0.1670  mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl   104.6000  mm 
 Parallel to Vessel Wall, opening length              d    52.3000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp     8.5000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N4 - Shell. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 0.5661 mm 
 Wall Thickness per UG16(b),                      tr16b = 1.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 1.2863 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 1.5000 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 1.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 3.4200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
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  = min[ 3.42, max( 1.5, 1.5 ) ] 
  = 1.5000 mm 
 
Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 0.5661, 1.5 ) 
  = 1.5000 mm 
 
Available Nozzle Neck Thickness = 4.0000 mm --> OK 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Weld Size Calculations, Description: Noz N4 - Shell 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      3.4000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.3800 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 2 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Drop for this Nozzle is : 7.1373 mm 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 49.5373 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Vessel Design Summary: 
 
ASME Code, Section VIII Division 1, 2021 
 
 Diameter Spec : 160.000 x 141.300 mm OD 
 Vessel Design Length, Tangent to Tangent           1362.85  mm 
 
 Specified Datum Line Distance                         0.00  mm 
 
 Shell  Side  Design Temperature                        210  °C 
 Channel Side Design Temperature                         95  °C 
 
 Shell  Side  Design Pressure                         2.500  MPa 
 Channel Side Design Pressure                         1.000  MPa 
 
 Shop Shell Side Test Pressure                        3.750  MPa 
 Shop Channel Side Test Pressure                      1.500  MPa 
 
 Wind Design Code                             No Wind Loads 
 Earthquake Design Code                          No Seismic 
 
 
Materials of Construction: 
 
     Component |                 |       |                        |         |Normal |  Impact | 
          Type |        Material | Class |              Thickness |   UNS # |  ized |  Tested | 
 ---------------------------------------------------------------------------------------------- 
         Shell |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
         Shell |    SA-312 TP316 |   ... |                    ... |  S31600 |    No |      No | 
         Cover |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
        Flange |       SA-516 70 |   ... |                    ... |  K02700 |    No |      No | 
        Flange |     SA-182 F316 |   ... |                    > 5 |  S31600 |    No |      No | 
        Nozzle |        SA-106 B |   ... |                    ... |  K03006 |    No |      No | 
        Nozzle |    SA-312 TP316 |   ... |                    ... |  S31600 |    No |      No | 
    Nozzle Flg |     SA-182 F316 |   ... |                    > 5 |  S31600 |    No |      No | 
         Tubes |      SB-111 O61 |   O61 |                    ... |  C70600 |    No |      No | 
     Tubesheet |      SB-148 M01 |   M01 |                    ... |  C95200 |    No |      No | 
   Flg Bolting |       SA-193 B7 |   ... |               <= 2 1/2 |  G41400 |    No |      No | 
 
 Normalized is determined based on the UCS-66 material curve selection and Figure UCS-66. 
 Impact Tested is based on material selection and material data properties. 
 
 
Element Pressures and MAWP (MPa & mm): 
 
                         |        Design |         |           |       Total | Str. |    In | 
     Element Description |      Pressure |    Ext. |   Element |   Corrosion | Flg. | Creep | 
                 or Type |  + Stat. head |  Press. |   M.A.W.P |   Allowance | Gov. | Range | 
 -------------------------------------------------------------------------------------------- 
       Channel head flat |         1.000 |    0.10 |    26.000 |      1.0000 |  N/A |    No | 
   Channel head cylinder |         1.000 |    0.10 |    22.000 |      1.0000 |  N/A |    No | 
     Channel head flange |         1.000 |    0.10 |     2.000 |      1.0000 |  N/A |    No | 
     Shell flange ring 1 |         1.000 |    0.10 |     2.000 |      0.0000 |  N/A |    No | 
              Main Shell |         2.500 |    0.10 |     6.000 |      0.0000 |  N/A |    No | 
     Shell flange ring 2 |         1.000 |    0.10 |     2.000 |      0.0000 |  N/A |    No | 
              Cover head |         1.000 |    0.10 |     3.000 |      1.0000 |  N/A |    No | 
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Element Types and Properties: 
 
    Element |"To" Elev |  Element |  Nominal | Finished | Reqd Thk | Reqd Thk |   Long |   Circ | 
            |          |   Length |Thickness |Thickness | Internal | External |    Eff |    Eff | 
       Type |       mm |       mm |       mm |       mm |       mm |       mm |        |        | 
 ------------------------------------------------------------------------------------------------ 
   Wld Flat |     27.0 |     27.0 |     27.0 |     27.0 |      6.1 |      ... |   1.00 |   1.00 | 
   Cylinder |     57.0 |     30.0 |     13.0 |     13.0 |      3.5 |      1.3 |   1.00 |   1.00 | 
   Body Flg |     57.0 |     18.0 |     18.0 |     18.0 |     14.2 |     10.4 |   1.00 |   1.00 | 
   Body Flg |    134.5 |     36.0 |      ... |     18.0 |     12.1 |      7.0 |   1.00 |   1.00 | 
   Cylinder |   1288.3 |   1153.8 |      ... |      3.4 |      1.5 |      1.2 |   1.00 |   1.00 | 
   Body Flg |   1324.3 |     36.0 |      ... |     18.0 |     12.1 |      7.0 |   1.00 |   1.00 | 
   Body Flg |   1362.9 |     25.0 |      ... |     25.0 |     10.0 |      6.9 |   1.00 |   1.00 | 
 
Weights: 
 Fabricated - Bare  W/O Removable Internals                  63.2  kg 
 Shop Test  - Fabricated + Water ( Full )                    80.3  kg 
 Shipping   - Fab. + Rem. Intls.+ Shipping App.              63.2  kg 
 Erected    - Fab. + Rem. Intls.+ Insul. (etc)               63.2  kg 
 Empty      - Fab. + Intls. + Details + Wghts.               63.2  kg 
 Operating  - Empty + Operating Liquid (No CA)               63.2  kg 
 Field Test - Empty Weight + Water (Full)                    80.3  kg 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Calculation Summary (MPa & mm): 
 
 Description        |       MAWP |    Ext |      MAPNC | UG-45    [tr] |    Weld |   Areas or | 
                    |            |        |            |       |       |    Path |   Stresses | 
 ---------------------------------------------------------------------------------------------- 
Noz N1 Fr10 - T    |          1 |    ... |        ... |    OK |  4.12 |     OK  | No Calc[*] | 
Noz N2 Fr10        |          1 |    ... |        ... |    OK |  4.12 |     OK  | No Calc[*] | 
Noz N3 - Shell     |          2 |    ... |        ... |    OK |  1.50 |     OK  | No Calc[*] | 
Noz N4 - Shell     |          2 |    ... |        ... |    OK |  1.50 |     OK  | No Calc[*] | 
 ---------------------------------------------------------------------------------------------- 
 
Nozzle MAWP Summary: 
 Minimum MAWP Nozzles         :               2 Nozzle  : Noz N3 - Shell  [Shellside] 
 Minimum MAWP Nozzles         :               1 Nozzle  : Noz N1 Fr10 - T  [Tubeside] 
 
[*] - This was a small opening and the areas were not computed. 
 
Note: MAWPs (Internal Case) shown above are at the High Point. 
 
Multiple output lines for the same nozzle indicates required Code calculations in both the 
longitudinal and circumferential planes of reinforcement where applicable. 
 
Check the Spatial Relationship between the Nozzles: 
 
 From Node | Nozzle Description | X Coordinate | Layout Angle |    Dia. Limit | 
           |                    |           mm |          deg |            mm | 
 ------------------------------------------------------------------------------ 
        10 |    Noz N1 Fr10 - Tu|        0.000 |       90.000 |        92.000 | 
        10 |        Noz N2 Fr10 |        0.000 |      270.000 |        92.000 | 
        50 |     Noz N3 - Shelli|      206.525 |       90.000 |       104.600 | 
        50 |     Noz N4 - Shello|     1226.525 |      270.000 |       104.600 | 
 
 
The nozzle spacing is computed by the following: 
 
 = sqrt( ll² + lc² ) where 
 
 ll - Arc length along the inside vessel surface in the long. direction. 
 lc - Arc length along the inside vessel surface in the circ. direction 
 
If any interferences/violations are found, they will be noted below. 
 
No interference violations have been detected! 
 
Checking Multiple Nozzles on Flat Head per ASME Sec. VIII Div. 1 UG-39 
 
 
Comparing Nozzles on Element: Channel head flat 
 
UG-39 Average Nozzle Diameter and Ligament Checks: 
 
               Nozzle |    Avg. | Head Dia. | Ligament |  Min. dn | 
     Pair Description |    dia. |        /4 |    Width |       /4 | 
                      |      mm |        mm |       mm |       mm | 
 ------------------------------------------------------------------ 
 Noz N1 Fr10 - Tu & No|      32 |        40 |       52 |        8 | 
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 ------------------------------------------------------------------ 
 
 
UG-39 Nozzle Spacing and Average Area Checks: 
 
               Nozzle |  Center | Avg. dia. | Avg. Area | Avg. Area | 
     Pair Description | Spacing |    * 1.25 | Available |     Reqd. | 
                      |      mm |        mm |      mm^2 |      mm^2 | 
 -------------------------------------------------------------------- 
 Noz N1 Fr10 - Tu & No|      92 |        40 |   No Calc |   No Calc | 
 -------------------------------------------------------------------- 
 
 
UG-39 Nozzle Diameter and Distance to Edge Checks: 
 
          Nozzle |   Nozzle |   Head Dia. |   Distance |    Nozzle | 
     Description |     dia. |          /2 |  from Edge |    dia./4 | 
                 |       mm |          mm |         mm |        mm | 
 ------------------------------------------------------------------- 
 Noz N1 Fr10 - Tu|       32 |          80 |         27 |         8 | 
 Noz N2 Fr10     |       32 |          80 |         27 |         8 | 
 ------------------------------------------------------------------- 
 
No Multiple Nozzle spacing violations detected! 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Schedule: 
 
                  Nominal or|   Schd|  Flg|  Nozzle|    Wall| Reinforcing Pad |    Cut|   Flg| 
                      Actual| or FVC| Type|   O/Dia|     Thk| Diameter    Thk | Length| Class| 
 Description            Size|   Type|     |      mm|      mm|              mm |     mm|      | 
 --------------------------------------------------------------------------------------------- 
Noz N1 Fr10 - Tu|     40 mm|Actual | None|    40.0|   5.000|     ... |   ... |      7|   ...| 
Noz N2 Fr10     |     40 mm|Actual | None|    40.0|   5.000|     ... |   ... |      7|   ...| 
Noz N3 - Shell i|     60 mm|Actual |  WNF|    60.3|   4.000|     ... |   ... |      4|   300| 
Noz N4 - Shell o|     60 mm|Actual |  WNF|    60.3|   4.000|     ... |   ... |      4|   300| 
 
General Notes for the above table: 
 
The Cut Length is the Outside Projection + Inside Projection + Drop + 
In Plane Shell Thickness.  This value does not include weld gaps, 
nor does it account for shrinkage. 
 
In the case of Oblique Nozzles, the Outside Diameter must 
be increased.  The Re-Pad WIDTH  around the nozzle is calculated as follows: 
Width of Pad = (Pad Outside Dia. (per above) - Nozzle Outside Dia.)/2 
 
For hub nozzles, the thickness and diameter shown are those of the smaller 
and thinner section. 
 
Nozzle Material and Weld Fillet Leg Size Details (mm): 
 
             |                    | Shl Grve | Noz Shl/Pad |    Pad OD |   Pad Grve |   Inside | 
 Description |           Material |     Weld |        Weld |      Weld |       Weld |     Weld | 
 ----------------------------------------------------------------------------------------------- 
 Noz N1 Fr10 |           SA-106 B |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N2 Fr10 |           SA-106 B |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N3 - Sh |       SA-312 TP316 |      ... |      10.000 |       ... |        ... |     ...  | 
 Noz N4 - Sh |       SA-312 TP316 |    3.400 |      10.000 |       ... |        ... |     ...  | 
 
Note: The Outside projections below do not include the flange thickness. 
 
Nozzle Miscellaneous Data: 
 
                  |   Elev/Distance |   Layout |        Proj |    Proj |        Installed in | 
 Description      |      From Datum |    Angle |     Outside |  Inside |           Component | 
                  |              mm |      deg |          mm |      mm |                     | 
 --------------------------------------------------------------------------------------------- 
  Noz N1 Fr10 - Tu|             ... |     90.0 |       50.00 |    0.00 |    Channel head fla | 
  Noz N2 Fr10     |             ... |    270.0 |       50.00 |    0.00 |    Channel head fla | 
  Noz N3 - Shell i|         206.525 |     90.0 |       39.00 |    0.00 |          Main Shell | 
  Noz N4 - Shell o|        1226.525 |    270.0 |       39.00 |    0.00 |          Main Shell | 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Bill of Materials: 
 
   QTY |                                                     DESCRIPTION |        MATERIAL | 
 ------------------------------------------------------------------------------------------- 
     1 |                              FLAT HEAD: 27.0mm THK X 160.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                      CYLINDER: 13.0mm THK X 134.0mm ID X 30.0mm |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                            BODY FLANGE: 18.0mm THK X 220.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     2 |                            BODY FLANGE: 18.0mm THK X 220.0mm OD |     SA-182 F316 | 
 ------------------------------------------------------------------------------------------- 
     1 |                     CYLINDER: 3.4mm THK X 134.5mm ID X 1153.8mm |    SA-312 TP316 | 
 ------------------------------------------------------------------------------------------- 
     1 |                            BODY FLANGE: 25.0mm THK X 220.0mm OD |       SA-516 70 | 
 ------------------------------------------------------------------------------------------- 
     1 |                                 TUBESHEET: 165.0mm X 28.0mm THK |      SB-148 M01 | 
 ------------------------------------------------------------------------------------------- 
    72 |                         TUBES: 1230.0mm X 8.0mm DIA X 0.5mm THK |      SB-111 O61 | 
 ------------------------------------------------------------------------------------------- 
     1 |                        FLOATING TUBESHEET: 132.2mm X 28.0mm THK |      SB-148 M01 | 
 ------------------------------------------------------------------------------------------- 
     2 |                                 GASKET: 165.0mm OD X 155.0mm ID |             ... | 
 ------------------------------------------------------------------------------------------- 
     8 |                                   BODY FLANGE BOLTS: 12.0mm DIA |       SA-193 B7 | 
 ------------------------------------------------------------------------------------------- 
    16 |                          NUTS FOR BODY FLANGE BOLTS: 12.0mm DIA |             ... | 
 ------------------------------------------------------------------------------------------- 
     1 |                                                       NAMEPLATE |             ... | 
 ------------------------------------------------------------------------------------------- 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Minimum Design Metal Temperature Results Summary (°C): 
 
                   Curve  Basic  Reduced  UG-20(f)  Thickness     Gov      E*   PWHT 
 Description               MDMT     MDMT      MDMT      ratio     Thk           reqd 
             Notes                                                mm 
 ----------------------------------------------------------------------------------- 
Main Shell   [16]         -196 
Noz N3 - Shel[15]         -196 
Nozzle Flg    [5]         -196 
Noz N4 - Shel[15]         -196 
Nozzle Flg    [5]         -196 
Nozl. Bolting[22]          -48                         1.000  63.500    1.00     No 
Tubesheet: SS[13]          -18                                                   No 
 ----------------------------------------------------------------------------------- 
 Warmest MDMT:              -18 
 ----------------------------------------------------------------------------------- 
Shell flange [11]         -196 
Shell flange [11]         -196 
Cover head   [11]    B     -29      -48       -29      0.381   6.250    1.00     No 
Channel head [12]    B     -21     -104       -29      0.196  13.000    1.00     No 
Channel head c[8]    B     -21     -104       -29      0.208  13.000    1.00     No 
Noz N1 Fr10 - [1]    B     -29     -104       -29      0.042   5.000    1.00     No 
Noz N2 Fr10   [1]    B     -29     -104       -29      0.042   5.000    1.00     No 
Tubesheet: CS[14]          -18                                                   No 
Bolting      [21]          -48 
 ----------------------------------------------------------------------------------- 
 Warmest MDMT:              -18      -48 
 ----------------------------------------------------------------------------------- 
 
     Exchanger Side        Computed MDMT      Required MDMT        Pass/Fail 
 --------------------------------------------------------------------------- 
              Shell                -18.0              -10.0             Pass 
       Channel/Tube                -18.0              -10.0             Pass 
 
Notes: 
[  ! ] - This was an impact tested material. 
[  1] - Governing Nozzle Weld. 
[  4] - ASME Flange MDMT Calcs; Thickness ratio per UCS-66(b)(1)(-c). 
[  5] - ASME Flange MDMT Calcs; Thickness ratio per UCS-66(b)(1)(-b). 
[  6] - MDMT Calculations at the Shell/Head Joint. 
[  7] - MDMT Calculations for the Straight Flange. 
[  8] - Cylinder/Cone/Flange Junction MDMT. 
[  9] - Calculations in the Spherical Portion of the Head. 
[10] - Calculations in the Knuckle Portion of the Head. 
[11] - Calculated (Body Flange) Flange MDMT. 
[12] - Calculated Flat Head MDMT per UCS-66.3 
[13] - Tubesheet MDMT, shell side, if applicable 
[14] - Tubesheet MDMT, tube side, if applicable 
[15] - Nozzle Material 
[16] - Shell or Head Material 
[17] - Impact Testing required 
[18] - Impact Testing not required, see UCS-66(b)(3) 
[20] - Cylinder/Cone Junction MDMT based on Longitudinal Stress considerations 
[21] - Body Flange Bolting Material 
[22] - Nozzle Flange Bolting Material 
[23] - Stiffening Ring to Shell Weld 
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[24] - Saddle to Shell Weld 
 
UG-84(b)(2) was not considered. 
UCS-66(g) was not considered. 
UCS-66(i) was not considered. 
 
Notes: 
Impact test temps were not entered in and not considered in the analysis. 
UCS-66(i) applies to impact tested materials not by specification and 
UCS-66(g) applies to materials impact tested per UG-84.1 General Note (c). 
The Basic MDMT includes the (30F) PWHT credit if applicable. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Class From To : Basic Element Checks. 
 -------------------------------------------------------------------------- 
 
Class From To: Check of Additional Element Data 
 -------------------------------------------------------------------------- 
 Please insure the C factor entered is in accordance with Figure UG-34. 
 
There were no geometry errors or warnings. 
 
 
PV Elite performs all calculations internally in Imperial Units 
to remain compliant with the ASME Code and any built in assumptions 
in the ASME Code formulas. The finalized results are reflected to show 
the set of selected units for this analysis. 
 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Units used in this Analysis (SI_ASME_Unicode): 
 
 Name            System Unit         Constant        User Unit 
 ------------------------------------------------------------- 
 Length          Feet                304.8000        mm 
 Force           Pounds                4.4480        N 
 Mass            Pounds                0.4536        kg 
 Area            sq. inches          645.1600        mm^2 
 Moment          ft. lbs.           1356.3000        N-mm 
 Stress          lbs./sq.in.           0.0069        MPa 
 Temperature     Degrees F             0.5556        °C 
 Pressure        psig                  0.0069        MPa 
 Elast. Modulus  lbs./sq.in.           0.0069        MPa 
 Pipe Density    lbs./cu.in.           0.0277        kg/cm^3 
 Ins. Density    lbs./cu.ft.       0.1602E-04        kg/cm^3 
 Fluid Density   lbs./cu.ft.       0.1602E-04        kg/cm^3 
 Wind Speed      miles/hr              1.6093        km/hr 
 Tray Weight     lbs./sq.ft.           0.0005        kgs/cm^2 
 Inertia         in.**4           416231.0000        mm^4 
 G Load          G's                   1.0000        g's 
 Wind Load       lbs./sq.ft.           0.0479        kPa 
 Elevation       Feet                304.8000        mm 
 Volume          in.**3                0.0164        ltr 
 Diameter        inches               25.4000        mm 
 Thickness       inches               25.4000        mm 
 
 
PV Elite Vessel Analysis Program: Input Data 
 
 Strength Calculation PV-Elite 
 IWS-Monje Heat Exchangers GmbH 
 Wittener Str. 102, 44789 Bochum, Germany 
 
Exchanger Design Pressures and Temperatures 
 
 Shell Side Design Pressure                               2.5  MPa 
 Channel Side Design Pressure                               1  MPa 
 Shell Side Design Temperature                          210.0  °C 
 Channel Side Design Temperature                         95.0  °C 
 Radiography, Shell Side                                 RT-3 
 Radiography, Channel Side                               RT-1 
 Service Type, Shell Side                     Air/Water/Steam 
 Service Type, Channel Side                   Air/Water/Steam 
 MDMT (CET), Shell Side                                 -10.0  °C 
 MDMT (CET), Tube Side                                  -10.0  °C 
 User defined MAWP, Shell Side                            2.5  MPa 
 User defined MAWP, Channel Side                            1  MPa 
 User defined MAPnc, Shell Side                           2.5  MPa 
 User defined MAPnc, Channel Side                           1  MPa 
 User defined Test Pres., Shell Side                     3.75  MPa 
 User defined Test Pres., Channel Side                    1.5  MPa 
 
 ----------------------------------------------------------------- 
 
 Projection of Nozzle from Vessel Top                       0  mm 
 Projection of Nozzle from Vessel Bottom                    0  mm 
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 Type of Construction                                  Welded 
 Use Higher Longitudinal Stresses (Flag)                    N 
 Select t for Internal Pressure (Flag)                      N 
 Select t for External Pressure (Flag)                      N 
 Select t for Axial Stress (Flag)                           N 
 Select Location for Stiff. Rings (Flag)                    N 
 Consider Vortex Shedding                                   N 
 
Shop Pressure Test: 
 Type of Pressure Test                  User Entered Pressure 
 Pressure Test Position                            Horizontal 
 
 Load Case 1                                   NP+EW+WI+FW+BW 
 Load Case 2                                   NP+EW+EE+FS+BS 
 Load Case 3                                   NP+OW+WI+FW+BW 
 Load Case 4                                   NP+OW+EQ+FS+BS 
 Load Case 5                                         NP+HW+HI 
 Load Case 6                                         NP+HW+HE 
 Load Case 7                                   IP+OW+WI+FW+BW 
 Load Case 8                                   IP+OW+EQ+FS+BS 
 Load Case 9                                   EP+OW+WI+FW+BW 
 Load Case 10                                  EP+OW+EQ+FS+BS 
 Load Case 11                                        HP+HW+HI 
 Load Case 12                                        HP+HW+HE 
 Load Case 13                                        IP+WE+EW 
 Load Case 14                                        IP+WF+CW 
 Load Case 15                                        IP+VO+OW 
 Load Case 16                                        IP+VE+EW 
 Load Case 17                                        NP+VO+OW 
 Load Case 18                                     FS+BS+IP+OW 
 Load Case 19                                     FS+BS+EP+OW 
 Load Case 20                                        BL+IP+OW 
 
 Wind Design Code                               No Wind Loads 
 
 Seismic Design Code                               No Seismic 
 
 Design Pressure + Static Head                              Y 
 Consider MAP New and Cold in Noz. Design                   N 
 Consider External Loads for Nozzle Des.                    Y 
 Use ASME VIII-1 Appendix 1-9                               N 
 
 Perform Blast Load Analysis                               No 
 Material Database Year        Current w/Addenda or Code Year 
 
Configuration Directives: 
 
  Do not use Nozzle MDMT Interpretation VIII-1 01-37        No 
  Use Table G instead of exact equation for "A"            Yes 
  Shell Head Joints are Tapered                            Yes 
  Compute "K" in corroded condition                        Yes 
  Use Code Case 2286                                        No 
  Use the MAWP to compute the MDMT                         Yes 
  For thickness ratios <= 0.35, MDMT will be -155F (-104C) Yes 
  For PWHT & P1 Materials the MDMT can be < -55F (-48C)     No 
 
  Using Metric Material Databases, ASME II D                No 
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  Calculate B31.3 type stress for Nozzles with Loads       Yes 
  Reduce the MDMT due to lower membrane stress             Yes 
  Consider Longitudinal Stress in MDMT Calculations        Yes 
 
Complete Listing of Vessel Elements and Details: 
 
 Element From Node                                         10 
 Element To Node                                           20 
 Element Type                                            Flat 
 Description                                Channel head flat 
 Distance "FROM" to "TO"                                   27  mm 
 Element Outside Diameter                                 160  mm 
 Element Thickness                                         27  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         27  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        137.9  MPa 
     Allowable Stress, Hydrotest                       179.27  MPa 
     Material Density                                 0.00775  kg/cm^3 
     P Number Thickness                                 31.75  mm 
     Yield Stress, Operating                            239.7  MPa 
     UCS-66 Chart Curve Designation                         B 
     External Pressure Chart Name                        CS-2 
     UNS Number                                        K02700 
     Product Form                                       Plate 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Flat Head Attachment Factor                              0.2 
 Small diameter if Non-Circular                             0  mm 
 Weld is pre-Heated                                        No 
 
     Element From Node                                     10 
     Detail Type                                       Nozzle 
     Detail ID                               Noz N1 Fr10 - Tu 
     Dist. from "FROM" Node / Offset dist                  46  mm 
     Nozzle Diameter                                       40  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                        None 
     Layout Angle                                        90.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                  3.0184  N 
     Grade of Attached Flange                            None 
     Nozzle Matl                                     SA-106 B 
 
     Element From Node                                     10 
     Detail Type                                       Nozzle 
     Detail ID                                    Noz N2 Fr10 
     Dist. from "FROM" Node / Offset dist                  46  mm 
     Nozzle Diameter                                       40  mm 
     Nozzle Schedule                                       40 
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     Nozzle Class                                        None 
     Layout Angle                                       270.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                            None 
     Nozzle Matl                                     SA-106 B 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         20 
 Element To Node                                           30 
 Element Type           Cylinder                      ! Atype 
 Description                            Channel head cylinder 
 Distance "FROM" to "TO"                                   30  mm 
 Element Outside Diameter                                 160  mm 
 Element Thickness                                         13  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         13  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         30 
 Element To Node                                           40 
 Element Type                                          Flange 
 Description                              Channel head flange 
 Distance "FROM" to "TO"                                   18  mm 
 Flange Inside Diameter                                 132.6  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                         18  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         40 
 Element To Node                                           50 
 Element Type                                          Flange 
 Description                              Shell flange ring 1 
 Distance "FROM" to "TO"                                   36  mm 
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 Flange Inside Diameter                                   133  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                    SA-182 F316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                       131.56  MPa 
     Allowable Stress, Hydrotest                       179.27  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                           146.59  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Class / Thickness / Grade                         :: > 5 
     Product Form                                    Forgings 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         50 
 Element To Node                                           60 
 Element Type           Cylinder                      ! Atype 
 Description                                       Main Shell 
 Distance "FROM" to "TO"                               1153.8  mm 
 Element Outside Diameter                               141.3  mm 
 Element Thickness                                        3.4  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                 2.5  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                   SA-312 TP316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        132.2  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                            146.6  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Product Form                           Smls. & wld. pipe 
 Efficiency, Longitudinal Seam                            1.0 
 Efficiency, Circumferential Seam                         1.0 
 Weld is pre-Heated                                        No 
 
     Element From Node                                     50 
     Detail Type                                       Nozzle 
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     Detail ID                               Noz N3 - Shell i 
     Dist. from "FROM" Node / Offset dist                  72  mm 
     Nozzle Diameter                                     60.3  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                         300 
     Layout Angle                                        90.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                          GR 2.2 
     Nozzle Matl                                 SA-312 TP316 
 
     Element From Node                                     50 
     Detail Type                                       Nozzle 
     Detail ID                               Noz N4 - Shell o 
     Dist. from "FROM" Node / Offset dist                1092  mm 
     Nozzle Diameter                                     60.3  mm 
     Nozzle Schedule                                       40 
     Nozzle Class                                         300 
     Layout Angle                                       270.0 
     Blind Flange (Y/N)                                     N 
     Weight of Nozzle ( Used if > 0 )                       0  N 
     Grade of Attached Flange                          GR 2.2 
     Nozzle Matl                                 SA-312 TP316 
 
 -------------------------------------------------------------------- 
 
 Element From Node                                         60 
 Element To Node                                           70 
 Element Type                                          Flange 
 Description                              Shell flange ring 2 
 Distance "FROM" to "TO"                                   36  mm 
 Flange Inside Diameter                                   133  mm 
 Element Thickness                                         18  mm 
 Internal Corrosion Allowance                               0  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                     210  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                     210  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                    SA-182 F316 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        131.6  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                0.008027  kg/cm^3 
     P Number Thickness                                     0  mm 
     Yield Stress, Operating                            146.6  MPa 
     External Pressure Chart Name                        HA-2 
     UNS Number                                        S31600 
     Class / Thickness / Grade                         :: > 5 
     Product Form                                    Forgings 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
 -------------------------------------------------------------------- 
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 Element From Node                                         70 
 Element To Node                                           80 
 Element Type                                          Flange 
 Description                                       Cover head 
 Distance "FROM" to "TO"                                   25  mm 
 Flange Outside Diameter                                  220  mm 
 Element Thickness                                         25  mm 
 Internal Corrosion Allowance                               1  mm 
 Nominal Thickness                                          0  mm 
 External Corrosion Allowance                               0  mm 
 Design Internal Pressure                                   1  MPa 
 Design Temperature Internal Pressure                      95  °C 
 Design External Pressure                              0.1013  MPa 
 Design Temperature External Pressure                      95  °C 
 Effective Diameter Multiplier                            1.0 
 Material Name                                      SA-516 70 
     Allowable Stress, Ambient                          137.9  MPa 
     Allowable Stress, Operating                        137.9  MPa 
     Allowable Stress, Hydrotest                        179.3  MPa 
     Material Density                                 0.00775  kg/cm^3 
     P Number Thickness                                30.988  mm 
     Yield Stress, Operating                            239.7  MPa 
     UCS-66 Chart Curve Designation                         B 
     External Pressure Chart Name                        CS-2 
     UNS Number                                        K02700 
     Product Form                                       Plate 
 Perform Flange Stress Calculation (Y/N)                    Y 
 Weld is pre-Heated                                        No 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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XY Coordinate Calculations: 
 
           |    |            |            |             |             | 
  From     | To |  X (Horiz.)|  Y (Vert.) |  DX (Horiz.)|  DY (Vert.) | 
           |    |         mm |         mm |          mm |          mm | 
 ---------------------------------------------------------------------- 
 Channel head fl|         27 |        ... |          27 |         ... | 
 Channel head cy|         57 |        ... |          30 |         ... | 
 Channel head fl|         57 |        ... |         -18 |         ... | 
 Shell flange ri|    134.525 |        ... |          36 |         ... | 
      Main Shell|    1288.33 |        ... |      1153.8 |         ... | 
 Shell flange ri|    1324.33 |        ... |          36 |         ... | 
      Cover head|    1362.85 |        ... |          25 |         ... | 
 ---------------------------------------------------------------------- 
 
PV Elite includes an 1/8 inch (3.175mm) raised face and gasket thicknesses for girth 
flanges and tubesheet thicknesses where applicable in the Tangent to Tangent length calculation. 
The calculated dimensions are based on the given element lengths.  Due to variability in 
manufacturing (weld gaps etc.), the Tangent to Tangent length may not be exact. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Channel Fla.  : 
 
Channel head flange 
 
 Flange Type                                    Integral Ring 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                        95  °C 
 Internal Corrosion Allowance              ci          1.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 
 Attached Shell Inside Diameter             B        132.6000  mm 
 Integral Ring Inside Diameter                       158.6000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 
 Flange Material                                    SA-516 70 
 Flange Material UNS number                            K02700 
 Flange Allowable Stress At Temperature   Sfo          137.90  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Length of Weld Leg at Back of Ring        tw          0.0000  mm 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
 Corroded Flange Thickness, tc = T-ci                     17.000  mm 
 Corroded Flange ID,      Bcor = B+2*Fcor                134.600  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     0.000  mm 
 Corroded Small Hub,     g0Cor = go-ci                     0.000  mm 
 Code R Dimension,           R = ((C-Bcor)/2)-g1cor       22.500  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 134.6² * 1./4 
  = 14227.976 N 
 
Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 14228 
  = 7152.672 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
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Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 17.0/(0.0 + 0.5) 
  = 229.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 17.0 )), 1 ) 
  = 1.7307 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 Distance Across Corners for Nuts                      24.613  mm 
 Circular Wrench End Diameter                     a    38.100  mm 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
 Radial Distance between Hub and Bolts:      15.875     23.500 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    229.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
 
Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
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  = ( 22.5 + 0.0 + 7.3 )/2 
  = 14.9000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 22.5 +( 0.0/2.0 ) 
  = 22.5000 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      14228. |    22.5000 |     1.7307 |         554261. | 
 Face Pressure,  Mt       7153. |    14.9000 |     1.7307 |         184520. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7307 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7307 |         489289. | 
 
 Total Moment for Operation,      Mop                               738781. N-mm 
 Total Moment for Gasket seating, Matm                              489289. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)            0.000 mm 
 Hub Ratio,          h/h0 = Defined as 0                0.000 
 Thickness Ratio,   g1/g0 = Defined as 0.0              0.000 
 Factors from Figure 2-7.1                     K =      1.634 
                     T =      1.653            U =      4.535 
                     Y =      4.126            Z =      2.197 
 
Tangential Flange Stress, Operating [Sto]: 
  = ( Y * Mop )/( t² * Bcor ) 
  = (4.1264*738781)/(17.0²*134.6) 
  = 78.34 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( Y * Matm )/( t² * Bcor ) 
  = (4.1264*489289)/(17.0²*134.6) 
  = 51.89 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Tangential Flange           78.34 |      137.90 |       51.89 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     14.249 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
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 Estimated Finished Weight of Flange at given Thk.        3.4 kg 
 Estimated Unfinished Weight of Forging at given Thk      3.4 kg 
 
Required Fillet Weld Leg size for Slip on Flanges: 
  = max( tn, ( 6 mm or 1/4 inch ) )  no hub size given 
  = max( 12.0, 6.0 ) 
  = 12.000 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Shell Fl. 1   : 
 
Shell flange ring 1 
 
 Flange Type                               Integral Weld Neck 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                       210  °C 
 Internal Corrosion Allowance              ci          0.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 Flange Inside Diameter                     B         133.000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 Thickness of Hub at Small End             go          3.4000  mm 
 Thickness of Hub at Large End             g1          4.5000  mm 
 Length of Hub                              h         18.0000  mm 
 
 Flange Material                                  SA-182 F316 
 Flange Material UNS number                            S31600 
 Flange Allowable Stress At Temperature   Sfo          131.56  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
Hub Small End Required Thickness due to Internal Pressure: 
  = (P*(D/2+Ca))/(S*E-0.6*P) per UG-27 (c)(1) 
  = (1.*(133.0/2+0.0))/(131.56*1.0-0.6*1.)+Ca 
  = 0.5078 mm 
 
Hub Small End Hub MAWP: 
  = (S*E*t)/(R+0.6*t) per UG-27 (c)(1) 
  = (131.56 * 1.0 * 3.4)/(66.5 + 0.6 * 3.4 ) 
  = 6.526 MPa 
 
 Corroded Flange ID,      Bcor = B+2*Fcor                133.000  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     4.500  mm 
 Corroded Small Hub,     g0Cor = go-ci                     3.400  mm 
 Code R Dimension,           R = (C-B)/2 - g1             18.800  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 133.0² * 1./4 
  = 13891.725 N 
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Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 13892 
  = 7488.922 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 18.0/(0.0 + 0.5) 
  = 241.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 18.0 )), 1 ) 
  = 1.7106 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
Radial Distance between Hub and Bolts:      20.637     18.800 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    241.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
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Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
  = ( 18.8 + 4.5 + 7.3 )/2 
  = 15.3000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 18.8 +( 4.5/2.0 ) 
  = 21.0500 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      13892. |    21.0500 |     1.7106 |         500421. | 
 Face Pressure,  Mt       7489. |    15.3000 |     1.7106 |         196082. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7106 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7106 |         483619. | 
 
 Total Moment for Operation,      Mop                               696503. N-mm 
 Total Moment for Gasket seating, Matm                              483619. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)           21.265 mm 
 Hub Ratio,          h/h0 = HL / H0                     0.846 
 Thickness Ratio,   g1/g0 = (g1Cor/goCor)               1.324 
 
Flange Factors for Integral Flange: 
 Factor F                                               0.835 
 Factor V                                               0.330 
 Factor f                                               1.000 
 Factors from Figure 2-7.1                     K =      1.654 
                     T =      1.645            U =      4.431 
                     Y =      4.032            Z =      2.152 
                     e =     0.0393 1/mm       d =   3305.564 mm³ 
 Stress Factors                            Alpha =      1.707 
                  Beta =      1.942        Gamma =      1.038 
                 Delta =      1.764       Lambda =      2.802 
 
Longitudinal Hub Stress, Operating [SHo]: 
  = ( f * Mop / Bcor ) / ( L * g1² ) 
  = (1.0*696503/133.0)/(2.8021*4.5²) 
  = 92.26 MPa 
 
Longitudinal Hub Stress, Seating [SHa]: 
  = ( f * Matm / Bcor ) / ( L * g1² ) 
  = (1.0*483619/133.0)/(2.8021*4.5²) 
  = 64.06 MPa 
 
Radial Flange Stress, Operating [SRo]: 
  = ( beta * Mop / Bcor ) / ( L * t² ) 
  = (1.9424*696503/133.0)/(2.8021*18.0²) 
  = 11.20 MPa 
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Radial Flange Stress, Seating [SRa]: 
  = ( beta * Matm/Bcor ) / ( L * t² ) 
  = (1.9424*483619/133.0)/(2.8021*18.0²) 
  = 7.78 MPa 
 
Tangential Flange Stress, Operating [STo]: 
  = ( Y * Mo / (t² * Bcor) ) - Z * SRo 
  = (4.0324*696503/(18.0²*133.0))-2.152*11 
  = 41.05 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( y * Matm / (t² * Bcor) ) - Z * SRa 
  = (4.0324*483619/(18.0²*133.0))-2.152*8 
  = 28.50 MPa 
 
Average Flange Stress, Operating [SAo]: 
  = ( SHo + max( SRo, STo ) ) / 2 
  = (92+max(11,41))/2 
  = 66.66 MPa 
 
Average Flange Stress, Seating [SAa]: 
  = ( SHa + max( SRa, STa ) ) / 2 
  = (64+max(8,29))/2 
  = 46.28 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Longitudinal Hub            92.26 |      197.34 |       64.06 |      206.85 | 
 Radial Flange               11.20 |      131.56 |        7.78 |      137.90 | 
 Tangential Flange           41.05 |      131.56 |       28.50 |      137.90 | 
 Maximum Average             66.66 |      131.56 |       46.28 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     12.141 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
 Estimated Finished Weight of Flange at given Thk.        3.7 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.0 kg 
 
SA-182 F316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Flange Input Data Values                         Description: Shell Fl. 2   : 
 
Shell flange ring 2 
 
 Flange Type                               Integral Weld Neck 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                       210  °C 
 Internal Corrosion Allowance              ci          0.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 Flange Inside Diameter                     B         133.000  mm 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         18.0000  mm 
 Thickness of Hub at Small End             go          3.4000  mm 
 Thickness of Hub at Large End             g1          4.5000  mm 
 Length of Hub                              h         18.0000  mm 
 
 Flange Material                                  SA-182 F316 
 Flange Material UNS number                            S31600 
 Flange Allowable Stress At Temperature   Sfo          131.60  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
Hub Small End Required Thickness due to Internal Pressure: 
  = (P*(D/2+Ca))/(S*E-0.6*P) per UG-27 (c)(1) 
  = (1.*(133.0/2+0.0))/(131.6*1.0-0.6*1.)+Ca 
  = 0.5076 mm 
 
Hub Small End Hub MAWP: 
  = (S*E*t)/(R+0.6*t) per UG-27 (c)(1) 
  = (131.6 * 1.0 * 3.4)/(66.5 + 0.6 * 3.4 ) 
  = 6.528 MPa 
 
 Corroded Flange ID,      Bcor = B+2*Fcor                133.000  mm 
 Corroded Large Hub,     g1Cor = g1-ci                     4.500  mm 
 Corroded Small Hub,     g0Cor = go-ci                     3.400  mm 
 Code R Dimension,           R = (C-B)/2 - g1             18.800  mm 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Hydrostatic End Load at Flange ID [Hd]: 
  = pi * Bcor² * P  / 4 
  = pi * 133.0² * 1./4 
  = 13891.725 N 
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Pressure Force on Flange Face [Ht]: 
  = H - Hd 
  = 21381 - 13892 
  = 7488.922 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 18.0/(0.0 + 0.5) 
  = 241.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 18.0 )), 1 ) 
  = 1.7106 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
Radial Distance between Hub and Bolts:      20.637     18.800 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    241.400 
 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 - H 
  = 21381 - 21381 
  = 0.00 N 
 
Moment Arm Calculations: 
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Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Distance to Face Pressure Reaction [ht]: 
  = ( R + g1 + hg ) / 2 
  = ( 18.8 + 4.5 + 7.3 )/2 
  = 15.3000 mm 
 
Distance to End Pressure Reaction [hd]: 
  = R + ( g1 / 2 ) 
  = 18.8 +( 4.5/2.0 ) 
  = 21.0500 mm 
 
Summary of Moments for Internal Pressure: (N-mm) 
 
 Loading                 Force  |   Distance |  Bolt Corr |         Moment  | 
 ---------------------------------------------------------------------------- 
 End Pressure,   Md      13892. |    21.0500 |     1.7106 |         500421. | 
 Face Pressure,  Mt       7489. |    15.3000 |     1.7106 |         196082. | 
 Gasket Load,    Mg          0. |     7.3000 |     1.7106 |              0. | 
 Gasket Seating, Matm    38713. |     7.3000 |     1.7106 |         483619. | 
 
 Total Moment for Operation,      Mop                               696503. N-mm 
 Total Moment for Gasket seating, Matm                              483619. N-mm 
 
 Effective Hub Length, ho = sqrt(Bcor*goCor)           21.265 mm 
 Hub Ratio,          h/h0 = HL / H0                     0.846 
 Thickness Ratio,   g1/g0 = (g1Cor/goCor)               1.324 
 
Flange Factors for Integral Flange: 
 Factor F                                               0.835 
 Factor V                                               0.330 
 Factor f                                               1.000 
 Factors from Figure 2-7.1                     K =      1.654 
                     T =      1.645            U =      4.431 
                     Y =      4.032            Z =      2.152 
                     e =     0.0393 1/mm       d =   3305.564 mm³ 
 Stress Factors                            Alpha =      1.707 
                  Beta =      1.942        Gamma =      1.038 
                 Delta =      1.764       Lambda =      2.802 
 
Longitudinal Hub Stress, Operating [SHo]: 
  = ( f * Mop / Bcor ) / ( L * g1² ) 
  = (1.0*696503/133.0)/(2.8021*4.5²) 
  = 92.26 MPa 
 
Longitudinal Hub Stress, Seating [SHa]: 
  = ( f * Matm / Bcor ) / ( L * g1² ) 
  = (1.0*483619/133.0)/(2.8021*4.5²) 
  = 64.06 MPa 
 
Radial Flange Stress, Operating [SRo]: 
  = ( beta * Mop / Bcor ) / ( L * t² ) 
  = (1.9424*696503/133.0)/(2.8021*18.0²) 
  = 11.20 MPa 
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Radial Flange Stress, Seating [SRa]: 
  = ( beta * Matm/Bcor ) / ( L * t² ) 
  = (1.9424*483619/133.0)/(2.8021*18.0²) 
  = 7.78 MPa 
 
Tangential Flange Stress, Operating [STo]: 
  = ( Y * Mo / (t² * Bcor) ) - Z * SRo 
  = (4.0324*696503/(18.0²*133.0))-2.152*11 
  = 41.05 MPa 
 
Tangential Flange Stress, Seating [STa]: 
  = ( y * Matm / (t² * Bcor) ) - Z * SRa 
  = (4.0324*483619/(18.0²*133.0))-2.152*8 
  = 28.50 MPa 
 
Average Flange Stress, Operating [SAo]: 
  = ( SHo + max( SRo, STo ) ) / 2 
  = (92+max(11,41))/2 
  = 66.66 MPa 
 
Average Flange Stress, Seating [SAa]: 
  = ( SHa + max( SRa, STa ) ) / 2 
  = (64+max(8,29))/2 
  = 46.28 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Longitudinal Hub            92.26 |      197.40 |       64.06 |      206.85 | 
 Radial Flange               11.20 |      131.60 |        7.78 |      137.90 | 
 Tangential Flange           41.05 |      131.60 |       28.50 |      137.90 | 
 Maximum Average             66.66 |      131.60 |       46.28 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Minimum Required Flange Thickness                     12.141 mm 
 Estimated M.A.W.P. ( Operating )                           2 MPa 
 Estimated Finished Weight of Flange at given Thk.        3.7 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.0 kg 
 
SA-182 F316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 



Strength Calculation PV-Elite 
IWS-Monje Heat Exchangers GmbH 
Wittener Str. 102, 44789 Bochum, Germany 
PV Elite 24       Licensee: IWS-Monj? Heat Exchangers GmbH 
FileName : BK12-3103-L1200_Airpack-17811_Rev00_neuaufbau.pv    P 
Flg Calc [Int P]: Cover head          Flng:   40   1:49am   May 5,2022 
 

35 

 
Flange Input Data Values                         Description: Cover head    : 
 
Cover head 
 
 Flange Type                                            Blind 
 
 Design Pressure                            P            1.00  MPa 
 Design Temperature                                        95  °C 
 Internal Corrosion Allowance              ci          1.0000  mm 
 External Corrosion Allowance              ce          0.0000  mm 
 Use Corrosion Allowance in Thickness Calcs.              Yes 
 
 Flange Outside Diameter                    A         220.000  mm 
 Flange Thickness                           t         25.0000  mm 
 
 Flange Material                                    SA-516 70 
 Flange Material UNS number                            K02700 
 Flange Allowable Stress At Temperature   Sfo          137.90  MPa 
 Flange Allowable Stress At Ambient       Sfa          137.90  MPa 
 
 Bolt Material                                      SA-193 B7 
 Bolt Allowable Stress At Temperature      Sb          172.38  MPa 
 Bolt Allowable Stress At Ambient          Sa          172.38  MPa 
 
 Diameter of the Load Reaction, Long  Span  D           0.000  mm 
 Diameter of the Load Reaction, Short Span  d           0.000  mm 
 Perimeter along the Center of the Bolts    L         564.230  mm 
 
 Diameter of Bolt Circle                    C         179.600  mm 
 Nominal Bolt Diameter                      a         12.0000  mm 
 Type of Threads                           TEMA Thread Series 
 Number of Bolts                                            4 
 
 Flange Face Outside Diameter             Fod         165.000  mm 
 Flange Face Inside Diameter              Fid         155.000  mm 
 Flange Facing Sketch                       1, Code Sketch 1a 
 
 Gasket Outside Diameter                   Go         165.000  mm 
 Gasket Inside Diameter                    Gi         155.000  mm 
 Gasket Factor                              m          0.0000 
 Gasket Design Seating Stress               y            0.00  MPa 
 
 Column for Gasket Seating                  2, Code Column II 
 Gasket Thickness                          tg          2.0000  mm 
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ASME Code, Section VIII Division 1, 2021 
 
 
 Gasket Contact Width,       N = (Go - Gi) / 2             5.000  mm 
 Basic Gasket Width,        bo = N / 2                     2.500  mm 
 Effective Gasket Width,     b = bo                        2.500  mm 
 Gasket Reaction Diameter,   G = Go (Self-Energizing)    165.000  mm 
 
Basic Flange and Bolt Loads: 
 
Hydrostatic End Load due to Pressure [H]: 
  = 0.785 * G² * Peq 
  = 0.785 * 165.0² * 1. 
  = 21380.648 N 
 
Contact Load on Gasket Surfaces [Hp]: 
  = 2 * b * pi * G * m * P 
  = 2 * 2.5 * pi * 165.0 * 0.0 * 1. 
  = 0.000 N 
 
Operating Bolt Load [Wm1]: 
  = max( H + Hp + H'p, 0 ) 
  = max( 21381 + 0 + 0, 0 ) 
  = 21380.648 N 
 
Gasket Seating Bolt Load [Wm2]: 
  = y * b * pi * G  + yPart * bPart * lp 
  = 0.0*2.5*pi*165.0+0.0*0.0*0.0 
  = 0.000 N 
 
Required Bolt Area [Am]: 
  = max( Wm1/Sb, Wm2/Sa ) 
  = max( 21381/172, 0/172 ) 
  = 124.046 mm^2 
 
ASME Maximum Circumferential Spacing between Bolts per App. 2 eq. (3) [Bsmax]: 
  = 2a + 6t/(m + 0.5) 
  = 2 * 12.7 + 6 * 24.0/(0.0 + 0.5) 
  = 313.400 mm 
 
Actual Circumferential Bolt Spacing [Bs]: 
  = C * sin( pi / n ) 
  = 179.6 * sin( pi/4 ) 
  = 126.996 mm 
 
ASME Moment Multiplier for Bolt Spacing per App. 2 eq. (7) [Bsc]: 
  = max( sqrt( Bs/( 2a + t )), 1 ) 
  = max( sqrt( 126.996/( 2 * 12.7 + 24.0 )), 1 ) 
  = 1.6034 
 
Bolting Information for TEMA Imperial Thread Series (Non Mandatory): 
 ------------------------------------------------------------------------ 
                                            Minimum     Actual    Maximum 
 ------------------------------------------------------------------------ 
 Bolt Area:                                 124.046    325.161 
 Radial Distance between Bolts and Edge:     15.875     20.200 
 Circ. Spacing between the Bolts:            31.750    126.996    313.400 
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 ------------------------------------------------------------------------- 
 
Flange Design Bolt Load, Gasket Seating [W]: 
  = Sa( Am + Ab ) / 2 
  = 172.38( 124.0462 + 325.1606 )/2 
  = 38712.72 N 
 
Gasket Load for the Operating Condition [HG]: 
  = Wm1 
  = 21380.65 N 
 
Moment Arm Calculations: 
 
Distance to Gasket Load Reaction [hg]: 
  = (C - G ) / 2 
  = ( 179.6 - 165.0 )/2 
  = 7.3000 mm 
 
Tangential Flange Stress, Flat Head (UG-34), Operating [STo]: 
  = 1.9 * Wm1 * hG * Bsc/(t² * G) + C * Z * Peq * G²/t² 
  = 1.9*21381*7.3*1.6034/(24.0²*165.0)+0.3*1.0*1.*165.0²/24.0² 
  = 19.18 MPa 
 
Tangential Flange Stress, Flat Head (UG-34), Seating [STa]: 
  = 1.9 * W * hG * Bsc/ (t² * G) 
  = 1.9*38713*7.3*1.603/(24.0²*165.0) 
  = 9.06 MPa 
 
Bolt Stress, Operating [BSo]: 
  = Wm1 / Ab 
  = 21381/325.1606 
  = 65.76 MPa 
 
Bolt Stress, Seating [BSa]: 
  = ( Wm2 / Ab ) 
  = (0/325.1606) 
  = 0.00 MPa 
 
Flange Stress Analysis Results: MPa 
 
                                       Operating |            Gasket Seating | 
                            Actual       Allowed |      Actual       Allowed | 
 ----------------------------------------------------------------------------- 
 Tangential Flange           19.18 |      137.90 |        9.06 |      137.90 | 
 Bolting                     65.76 |      172.38 |        0.00 |      172.38 | 
 
 Reqd. Blind Flange Thickness at Center                 9.951 mm 
 Reqd. Blind Flange Thickness at Gasket                 7.151 mm 
 Estimated M.A.W.P. ( Operating )                           3 MPa 
 Estimated Finished Weight of Flange at given Thk.        7.4 kg 
 Estimated Unfinished Weight of Forging at given Thk      7.4 kg 
 
Minimum Design Metal Temperature Results: 
Thickness Ratio = 0.381, Temperature Reduction per Fig. UCS 66.1 = 56 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)           -48 °C 
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PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Internal Pressure Results Summary: 
 
Element Thickness, Pressure, Diameter and Allowable Stress : 
 
            |    | Int. Press |    Nominal | Total Corr |    Element |  Allowable | 
  From      | To | + Liq. Hd  |  Thickness |  Allowance |   Diameter |  Stress(SE)| 
            |    |        MPa |         mm |         mm |         mm |        MPa | 
 ---------------------------------------------------------------------------------- 
 Channel head fla|          1 |         27 |          1 |        160 |      137.9 | 
 Channel head cyl|          1 |         13 |          1 |        160 |      137.9 | 
 Channel head fla|          1 |         18 |          1 |      132.6 |      137.9 | 
 Shell flange rin|          1 |        ... |        ... |        133 |     131.56 | 
       Main Shell|        2.5 |        ... |        ... |      141.3 |      132.2 | 
 Shell flange rin|          1 |        ... |        ... |        133 |      131.6 | 
       Cover head|          1 |        ... |          1 |        220 |      137.9 | 
 ---------------------------------------------------------------------------------- 
 
Element Required Thickness and MAWP : 
 
            |    |     Design |   M.A.W.P. |     M.A.P. |    Minimum |   Required | 
  From      | To |   Pressure |   Corroded | New & Cold |  Thickness |  Thickness | 
            |    |        MPa |        MPa |        MPa |         mm |         mm | 
 ---------------------------------------------------------------------------------- 
 Channel head fla|          1 |     25.958 |    27.9932 |         27 |    6.10314 | 
 Channel head cyl|          1 |    22.0053 |    23.9666 |         13 |        3.5 | 
 Channel head fla|          1 |    1.76016 |    1.95811 |         18 |    14.2494 | 
 Shell flange rin|          1 |    1.97362 |    2.06878 |         18 |    12.1412 | 
       Main Shell|        2.5 |    6.48694 |    6.76663 |        3.4 |        1.5 | 
 Shell flange rin|          1 |    1.97425 |    2.06878 |         18 |    12.1412 | 
       Cover head|          1 |    2.62127 |    2.62127 |         25 |    9.95133 | 
 ---------------------------------------------------------------------------------- 
 
Summary of Heat Exchanger Maximum Allowable Working Pressures : 
 
Note: 
For Exchanger designs, the following values include MAWPs that 
consider the tubesheet, tubes, tube/tubesheet joint etc.  These 
values were determined by iteration. Review the tubesheet analysis 
report for more information. 
 
 Shell Side MAWP     =                2 MPa 
 Shell Side MAPnc    =                2 MPa 
 Channel Side  MAWP  =                1 MPa 
 Channel Side  MAPnc =                1 MPa 
 
Elements Suitable for Design Internal Pressure. 
 
Internal Pressure Calculation Results: 
 
ASME Code, Section VIII Division 1, 2021 
 
Welded Flat Head From 10 To 20 SA-516 70 , UCS-66 Crv. B at 95 °C 
 
Channel head flat 
 
Longitudinal      Joint:    User Defined 



Strength Calculation PV-Elite 
IWS-Monje Heat Exchangers GmbH 
Wittener Str. 102, 44789 Bochum, Germany 
PV Elite 24       Licensee: IWS-Monj? Heat Exchangers GmbH 
FileName : BK12-3103-L1200_Airpack-17811_Rev00_neuaufbau.pv    P 
Internal Pressure Calculations:       Step:    7   1:49am   May 5,2022 
 

40 

 
Material UNS Number:    K02700 
 
Required Thickness due to Internal Pressure [tr]: 
  = d * sqrt(Z*C*P/(S*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(137.9*1.0)) 
  = 5.1031 + 1.0000 = 6.1031 mm 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (t/d)²*((S*E)/(C*Z)) per UG-34 (c)(3) 
  = ((26.0)/134.0)²*((137.9*1.0)/(0.2*1.0)) 
  = 26 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (t/d)²*((S*E)/(C*Z)) per UG-34 (c)(3) 
  = (27.0/134.0)²*((137.9*1.0)/(0.2*1.0)) 
  = 28 MPa 
 
Actual stress at given pressure and thickness, corroded [Sact]: 
  = (Z*C*P)/(((t/d)²)*E) 
  = (1.0*0.2*1.)/((((26.0)/134.0)²)*1.0) 
  = 5.312 MPa 
 
Minimum Design Metal Temperature Results: 
 
tg = 13.0, tg_sr = 27.0, tr = 5.103, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg_sr - c) = 0.196, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -21 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 Min Metal Temp. w/o impact per UG-20(f)                    -29 °C 
 
Cylindrical Shell From 20 To 30 SA-516 70 , UCS-66 Crv. B at 95 °C 
 
Channel head cylinder 
 
Longitudinal      Joint:    User Defined 
 
Material UNS Number:    K02700 
 
Required Thickness due to Internal Pressure [tr]: 
  = (P*Ro) / (S*E+0.4*P) per Appendix 1-1 (a)(1) 
  = (1.*80.0)/(137.9*1.0+0.4*1.) 
  = 0.5785 + 1.0000 = 1.5785 mm 
 
Note: The thickness required was less than the Code Minimum, therefore 
the Code Minimum value of 2.5000 mm  per UG-16 will be used. 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*12.0)/(80.0-0.4*12.0) 
  = 22 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*13.0)/(80.0-0.4*13.0) 
  = 24 MPa 
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Actual stress at given pressure and thickness, corroded [Sact]: 
  = (P*(Ro-0.4*t))/(E*t) 
  = (1.*((80.0-0.4*12.0))/(1.0*12.0) 
  = 6.267 MPa 
 
% Elongation per Table UG-79-1 (50*tnom/Rf*(1-Rf/Ro))  8.844 % 
Note: Please Check Requirements of UCS-79 as Elongation is > 5%. 
 
Minimum Design Metal Temperature Results: 
 
Govrn. thk, tg = 13.0, tr = 2.5, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.208, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -21 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 Min Metal Temp. w/o impact per UG-20(f)                    -29 °C 
 
Cylindrical Shell From 50 To 60 SA-312 TP316 at 210 °C 
 
Main Shell 
 
Longitudinal      Joint:    User Defined 
 
Material UNS Number:    S31600 
 
Required Thickness due to Internal Pressure [tr]: 
  = (P*Ro) / (S*E+0.4*P) per Appendix 1-1 (a)(1) 
  = (2.5*70.65)/(132.2*1.0+0.4*2.5) 
  = 1.3260 + 0.0000 = 1.3260 mm 
 
Note: The thickness required was less than the Code Minimum, therefore 
the Code Minimum value of 1.5000 mm  per UG-16 will be used. 
 
Max. Allowable Working Pressure at given Thickness, corroded [MAWP]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (132.2*1.0*3.4)/(70.65-0.4*3.4) 
  = 6 MPa 
 
Maximum Allowable Pressure, New and Cold [MAPNC]: 
  = (S*E*t)/(Ro-0.4*t) per Appendix 1-1 (a)(1) 
  = (137.9*1.0*3.4)/(70.65-0.4*3.4) 
  = 7 MPa 
 
Actual stress at given pressure and thickness, corroded [Sact]: 
  = (P*(Ro-0.4*t))/(E*t) 
  = (2.5*((70.65-0.4*3.4))/(1.0*3.4) 
  = 50.949 MPa 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Note: Heads and Shells Exempted to -20F (-29C) by paragraph UG-20F 
 
 
Hydrostatic Test Pressure Results: 
 
Exchanger Shell Side Hydrostatic Test Pressures: 
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 Pressure per UG99b     = 1.30 * M.A.W.P. * Sa/S          3.390  MPa 
 Pressure per UG99b[35] = 1.30 * Design Pres * Sa/S       3.390  MPa 
 Pressure per UG99c     = 1.30 * M.A.P. - Head(Hyd)       3.248  MPa 
 Pressure per UG100     = 1.10 * M.A.W.P. * Sa/S          2.869  MPa 
 Pressure per PED       = max(1.43*DP, 1.25*DP*ratio)     3.575  MPa 
 Pressure per App 27-4  = M.A.W.P.                        2.500  MPa 
 
User defined Hydrostatic Test Pressures: 
 
 Shell Side  Test Pressure at  High Point                 3.750  MPa 
 Channel Side Test Pressure at High Point                 1.500  MPa 
 
Exchanger Channel Side Hydrostatic Test Pressures: 
 
 Pressure per UG99b     = 1.30 * M.A.W.P. * Sa/S          1.300  MPa 
 Pressure per UG99b[35] = 1.30 * Design Pres * Sa/S       1.300  MPa 
 Pressure per UG99c     = 1.30 * M.A.P. - Head(Hyd)       1.298  MPa 
 Pressure per UG100     = 1.10 * M.A.W.P. * Sa/S          1.100  MPa 
 Pressure per PED       = max(1.43*DP, 1.25*DP*ratio)     1.430  MPa 
 Pressure per App 27-4  = M.A.W.P.                        1.000  MPa 
 
Horizontal Test performed per: User Hydro Pressure 
 
Please note that Nozzle, Shell, Head, Flange, etc MAWPs are all considered 
when determining the hydrotest pressure for those test types that are based 
on the MAWP of the vessel. 
 
Stresses on Elements due to Test Pressure (MPa): 
 
 From To              |    Stress |  Allowable |       Ratio | Pressure | 
 ------------------------------------------------------------------------ 
 Channel head flat    |       7.4 |      179.3 |       0.041 |     1.50 | 
 Channel head cylinde |       8.6 |      179.3 |       0.048 |     1.50 | 
 Main Shell           |      76.5 |      179.3 |       0.426 |     3.75 | 
 ------------------------------------------------------------------------ 
 
Stress ratios for Nozzle and Pad Materials (MPa): 
 
 Description          | Pad/Nozzle |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Noz N1 Fr10 - Tu     |     Nozzle |    117.90 |       117.90 |   1.000 | 
Noz N2 Fr10          |     Nozzle |    117.90 |       117.90 |   1.000 | 
Noz N3 - Shell i     |     Nozzle |    117.22 |       112.32 |   1.044 | 
Noz N4 - Shell o     |     Nozzle |    117.22 |       112.32 |   1.044 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.000 
 
Stress ratios for Pressurized Vessel Elements (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Channel head flat                 |    137.90 |       137.90 |   1.000 | 
Channel head cylinde              |    137.90 |       137.90 |   1.000 | 
Channel head flange               |    137.90 |       137.90 |   1.000 | 
Shell flange ring 1               |    137.90 |       131.56 |   1.048 | 
Main Shell                        |    137.90 |       132.20 |   1.043 | 
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Shell flange ring 2               |    137.90 |       131.60 |   1.048 | 
Cover head                        |    137.90 |       137.90 |   1.000 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.000 
 
Stress ratios for Exchanger Materials (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
Tube Material                     |     68.95 |        59.71 |   1.155 | 
Tubesheet Material                |    115.15 |        97.91 |   1.176 | 
 ------------------------------------------------------------------------ 
 Minimum                                                          1.155 
 
Hoop Stress in Nozzle Wall during Pressure Test (MPa): 
 
 Description                       |   Ambient |    Operating |   Ratio | 
 ------------------------------------------------------------------------ 
 Noz N1 Fr10 - Tu                  |      5.41 |       153.28 |   0.035 | 
 Noz N2 Fr10                       |      5.41 |       153.28 |   0.035 | 
 Noz N3 - Shell i                  |     26.78 |       152.38 |   0.176 | 
 Noz N4 - Shell o                  |     26.78 |       152.38 |   0.176 | 
 ------------------------------------------------------------------------ 
 
Elements Suitable for Test Pressure. 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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External Pressure Calculation Results : 
 
External Pressure Calculations: 
 
      |      |    Section |    Outside |  Corroded |    Factor  |     Factor | 
  From|   To |     Length |   Diameter | Thickness |       A    |        B   | 
      |      |         mm |         mm |        mm |            |        MPa | 
 ----------------------------------------------------------------------------- 
    10|    20|    No Calc |        ... |        26 |    No Calc |    No Calc | 
    20|    30|         30 |        160 |        12 |   0.096675 |    122.731 | 
    30|    40|    No Calc |        ... |        17 |    No Calc |    No Calc | 
    40|    50|    No Calc |        ... |        18 |    No Calc |    No Calc | 
    50|    60|     1153.8 |      141.3 |       3.4 | 0.00068352 |    55.1972 | 
    60|    70|    No Calc |        ... |        18 |    No Calc |    No Calc | 
    70|    80|    No Calc |        ... |        24 |    No Calc |    No Calc | 
 ----------------------------------------------------------------------------- 
 
External Pressure Calculations: 
 
      |      |   External |   External |        External |    External | 
  From|   To |  Actual T. | Required T.| Design Pressure |    M.A.W.P. | 
      |      |         mm |         mm |             MPa |         MPa | 
 ----------------------------------------------------------------------- 
    10|    20|         27 |    No Calc |          0.1013 |     No Calc | 
    20|    30|         13 |    1.25164 |          0.1013 |     12.2731 | 
    30|    40|         18 |    10.4394 |          0.1013 |     No Calc | 
    40|    50|         18 |     6.9596 |          0.1013 |     No Calc | 
    50|    60|        3.4 |    1.15523 |          0.1013 |     1.77089 | 
    60|    70|         18 |     6.9596 |          0.1013 |     No Calc | 
    70|    80|         25 |     6.9342 |          0.1013 |     No Calc | 
 ----------------------------------------------------------------------- 
    Minimum                                                          2 
 
External Pressure Calculations: 
 
      |      |   Actual Length | Allowable Length | Ring Inertia | Ring Inertia | 
  From|   To | Bet. Stiffeners |  Bet. Stiffeners |     Required |    Available | 
      |      |              mm |               mm |         mm^4 |         mm^4 | 
 -------------------------------------------------------------------------------- 
    10|    20|         No Calc |          No Calc |      No Calc |      No Calc | 
    20|    30|              30 |          3634.68 |      No Calc |      No Calc | 
    30|    40|         No Calc |          No Calc |      No Calc |      No Calc | 
    40|    50|         No Calc |          No Calc |      No Calc |      No Calc | 
    50|    60|          1153.8 |            82743 |      No Calc |      No Calc | 
    60|    70|         No Calc |          No Calc |      No Calc |      No Calc | 
    70|    80|         No Calc |          No Calc |      No Calc |      No Calc | 
 -------------------------------------------------------------------------------- 
 
Elements Suitable for External Pressure. 
 
ASME Code, Section VIII Division 1, 2021 
 
Welded Flat Head 
 
Channel head flat 
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Note: This element's required thickness was computed in the internal 
Pressure Report using the maximum of the Internal and External 
pressures. 
 
 ----------------------------------------------------------------------------------------------- 
 
Cylindrical Shell From 50 to 60 Ext. Chart: HA-2 at 210 °C 
 
Main Shell 
Elastic Modulus from Chart: HA-2 at 210 °C: 178099 MPa 
 
                                                |                                   | 
 Results for Maximum Allowable Ext. Pressure    |                             MAEP  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   3.400 |     141.30 |     1153.80 |     41.56 |    8.1656 |  0.0006835 |    55.20 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*55.1972)/(3*41.5588) = 1.7709 MPa 
 
                                                |                                   | 
 Results for Required Thickness                 |                              Tca  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   1.155 |     141.30 |     1153.80 |    122.31 |    8.1656 |  0.0001044 |     9.29 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*9.2934)/(3*122.3133) = 0.1013 MPa 
 
                                                |                                   | 
 Results for Maximum Stiffened Length           |                             Slen  | 
 ------------------------------------------------------------------------------------ 
     Tca |  Outer Dia |        Slen |      Do/t |       L/D |   Factor A | Factor B | 
   3.400 |     141.30 |    82743.00 |     41.56 |   50.0000 |  0.0006433 |    54.15 | 
 ------------------------------------------------------------------------------------ 
 MAEP = (4*B)/(3*(Do/t)) = (4*54.1462)/(3*41.5588) = 1.7372 MPa 
 
 ----------------------------------------------------------------------------------------------- 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Element and Detail Weights: 
 
      |    |    Element |    Element |  Corroded |   Corroded | Extra due  | 
  From| To | Metal Wgt. | ID  Volume |Metal Wgt. |  ID Volume | Misc %     | 
      |    |         kg |        ltr |        kg |        ltr |         kg | 
 --------------------------------------------------------------------------- 
    10|  20|    4.20749 |        ... |   4.05166 |        ... |        ... | 
    20|  30|    1.39592 |    0.42315 |   1.29731 |    0.43588 |        ... | 
    30|  40|    3.37665 |        ... |   3.37665 |        ... |        ... | 
    40|  50|    3.73074 |    0.50023 |   3.73074 |    0.50023 |        ... | 
    50|  60|    13.6425 |    12.2197 |   13.6425 |    12.2197 |        ... | 
    60|  70|    3.73074 |    0.50023 |   3.73074 |    0.50023 |        ... | 
    70|  80|    7.36555 |        ... |   7.36555 |        ... |        ... | 
 --------------------------------------------------------------------------- 
     Total |         37 |      13.64 |        37 |      13.66 |          0 | 
 
For elements specified as shell side elements, the volume(s) shown 
above for those elements, reflects the displacement of the tubes. 
 
Weight of Details: 
 
      |    |  Weight of |  X Offset, | Y Offset, |    Z Offset | 
  From|Type|     Detail | Dtl. Cent. |Dtl. Cent. |  Dtl. Cent. | Description 
      |    |         kg |         mm |        mm |          mm | 
 --------------------------------------------------------------- 
    10|Nozl|    0.30781 |        ... |       100 |         ... |   Noz N1 Fr10 - Tu 
    10|Nozl|    0.32816 |        ... |      -100 |         ... |   Noz N2 Fr10 
    50|Nozl|    4.92907 |         72 |      97.4 |         ... |   Noz N3 - Shell i 
    50|Nozl|    4.92907 |       1092 |     -97.4 |         ... |   Noz N4 - Shell o 
    30|FTsh|    3.79983 |         36 |       ... |         ... |   Tubesheet fix 
    30|Tube|     9.3281 |        637 |       ... |         ... |   Tubes 
    30|FlTs|    2.16206 |       1252 |       ... |         ... | 
 --------------------------------------------------------------- 
 
Total Weight of Each Detail Type: 
 
 Nozzles                            10.5 
 Exchanger Components               15.3 
 ------------------------------------------- 
 Sum of the Detail Weights          25.8  kg 
 
Weight Summation Results: (kg) 
 
               | Fabricated |  Shop Test |   Shipping |    Erected |      Empty |  Operating | 
 --------------------------------------------------------------------------------------------- 
 Main Elements |       37.4 |       37.4 |       37.4 |       37.4 |       37.4 |       37.4 | 
       Nozzles |       10.5 |       10.5 |       10.5 |       10.5 |       10.5 |       10.5 | 
     Exchanger |       15.3 |       15.3 |       15.3 |       15.3 |       15.3 |       15.3 | 
   Test Liquid |        ... |       13.6 |        ... |        ... |        ... |        ... | 
  Tube Tst Lqd |        ... |        3.4 |        ... |        ... |        ... |        ... | 
 --------------------------------------------------------------------------------------------- 
        Totals |       63.2 |       80.3 |       63.2 |       63.2 |       63.2 |       63.2 | 
 
Weight Summary: 
 
 Fabricated Wt.  - Bare Weight without Removable Internals                    63.2 kg 
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 Shop Test Wt.   - Fabricated Weight + Water ( Full )                         80.3 kg 
 Shipping Wt.    - Fab. Weight + removable Intls.+ Shipping App.              63.2 kg 
 Erected  Wt.    - Fab. Wt + or - loose items (trays,platforms etc.)          63.2 kg 
 Ope. Wt. no Liq - Fab. Weight + Internals. + Details + Weights               63.2 kg 
 Operating Wt.   - Empty Weight + Operating Liq. Uncorroded                   63.2 kg 
 Oper. Wt. + CA  - Corr Wt. + Operating Liquid                                63.0 kg 
 Field Test Wt.  - Empty Weight + Water (Full)                                80.3 kg 
 
Exchanger Tube Data 
 Volume of Exchanger tubes  :                            3.4 ltr 
 Weight of Ope Liq in tubes :                            0.0 kg 
 Weight of Water in tubes   :                            3.4 kg 
 
Note: 
The Corroded Weight and thickness are used in the Horizontal 
Vessel Analysis (Ope Case) and Earthquake Load Calculations. 
 
Outside Surface Areas of Elements: 
 
      |    |        Surface | 
  From| To |           Area | 
      |    |           mm^2 | 
 ---------------------------- 
    10|  20|            ... | 
    20|  30|        15079.6 | 
    30|  40|        36644.5 | 
    40|  50|          44591 | 
    50|  60|         512180 | 
    60|  70|          44591 | 
    70|  80|          55292 | 
 ---------------------------- 
   Total        708378.062 mm^2 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Nozzle Flange MAWP Results: (MPa & °C) 
 
 Nozzle        |    Flange Rating | Design |       | Grade/ | Equiv. | - - - - - - Max Pressure | 
 Description   |   Ope. | Ambient |   Temp | Class | Group  |  Press |UG-44(b)|     50% |   DNV | 
 ------------------------------------------------------------------------------------------------ 
 Noz N3 - Shell|   3.52 |    4.96 |   210  |   300 | GR 2.2 |    ... |    ... |     ... |   ... | 
 Noz N4 - Shell|   3.52 |    4.96 |   210  |   300 | GR 2.2 |    ... |    ... |     ... |   ... | 
 
Shellside Flange Rating 
 Lowest Flange Pressure Rating was (Ope)[ShellSide]:      3.524  MPa 
 Lowest Flange Pressure Rating was (Amb)[ShellSide]:      4.960  MPa 
 
Channelside Flange Rating 
 
 
 
Pressure Ratings are per ASME B16.5 2017 Metric Edition 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Shop/Field Installation Options : 
 
 
Note : The CG is computed from the first Element From Node 
 
 Center of Gravity of the Nozzles                            673.102 mm 
 Center of Gravity of the Tubesheet(s)                       551.979 mm 
 Center of Gravity of the Tubes                              712.000 mm 
 
 Center of Gravity of Bare Shell New and Cold                673.905 mm 
 Center of Gravity of Bare Shell Corroded                    678.347 mm 
 
 Vessel CG in the Operating Condition                        670.495 mm 
 Vessel CG in the Fabricated (Shop/Empty) Condition          667.896 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N1 Fr10 - Tube inlet          From:   10 
 
 Pressure for Reinforcement Calculations        P      1.0000  MPa 
 Temperature for Internal Pressure           Temp          95  °C 
 
 Parent Material                                    SA-516 70 
 Parent Allowable Stress at Temperature        Sv      137.90  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Outside Diameter of Flat Head                  D      160.00  mm 
 Large Diameter of Flat Head                   Dl    160.0000  mm 
 Flat Head Attachment Factor                    F        0.20 
 Head Finished (Minimum) Thickness              t     27.0000  mm 
 Head Internal Corrosion Allowance              c      1.0000  mm 
 Head External Corrosion Allowance             co      0.0000  mm 
 
 Distance from Head Centerline                 L1     46.0000  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                            SA-106 B 
 Material UNS Number                                   K03006 
 Material Specification/Type                       Smls. pipe 
 Allowable Stress at Temperature               Sn      117.90  MPa 
 Allowable Stress At Ambient                  Sna      117.90  MPa 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                           90.00  deg 
 Diameter                                             40.0000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      5.0000  mm 
 
 Corrosion Allowance                          can      1.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     50.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 Inside Projection                              h      0.0000  mm 
 Weld leg size, Inside Element to Shell        Wi      0.0000  mm 
 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Insert/Set-in Nozzle No Pad, no Inside projection 
 
 
Reinforcement CALCULATION, Description: Noz N1 Fr10 - Tube inlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           40.000  mm. 
 Actual Thickness Used in Calculation                   5.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Welded Flat Head, tr [Int. Press] 
  = d * sqrt(Z*C*P/(Sv*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(138*1.0)) 
  = 5.1031 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 1.*20.0/(118*1.0+0.4*1.) 
  = 0.1691 mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl    92.0000  mm 
 Parallel to Vessel Wall                        Rn+tn+t    46.0000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp    10.0000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N1 Fr10 - T. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 1.1691 mm 
 Wall Thickness per UG16(b),                      tr16b = 3.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 6.1031 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 6.1031 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 3.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 4.1200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
  = min[ 4.12, max( 6.1031, 3.5 ) ] 
  = 4.1200 mm 
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Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 1.1691, 4.12 ) 
  = 4.1200 mm 
 
Available Nozzle Neck Thickness = 5.0000 mm --> OK 
 
Nozzle Junction Minimum Design Metal Temperature (MDMT) Calculations: 
 
Nozzle-Shell/Head Weld (UCS-66(a)1(b)), Curve: B 
 ---------------------------------------------------------------------- 
Govrn. thk, tg = 5.0, tr = 0.169, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.042, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 
 Gov. MDMT of the nozzle to shell joint welded assembly :  -104 °C 
 
Weld Size Calculations, Description: Noz N1 Fr10 - T 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      4.0000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.8000 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 1 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 77.0508 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N2 Fr10                       From:   10 
 
 Pressure for Reinforcement Calculations        P      1.0000  MPa 
 Temperature for Internal Pressure           Temp          95  °C 
 
 Parent Material                                    SA-516 70 
 Parent Allowable Stress at Temperature        Sv      137.90  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Outside Diameter of Flat Head                  D      160.00  mm 
 Large Diameter of Flat Head                   Dl    160.0000  mm 
 Flat Head Attachment Factor                    F        0.20 
 Head Finished (Minimum) Thickness              t     27.0000  mm 
 Head Internal Corrosion Allowance              c      1.0000  mm 
 Head External Corrosion Allowance             co      0.0000  mm 
 
 Distance from Head Centerline                 L1     46.0000  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                            SA-106 B 
 Material UNS Number                                   K03006 
 Material Specification/Type                       Smls. pipe 
 Allowable Stress at Temperature               Sn      117.90  MPa 
 Allowable Stress At Ambient                  Sna      117.90  MPa 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                          270.00  deg 
 Diameter                                             40.0000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      5.0000  mm 
 
 Corrosion Allowance                          can      1.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     50.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 Inside Projection                              h      0.0000  mm 
 Weld leg size, Inside Element to Shell        Wi      0.0000  mm 
 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Insert/Set-in Nozzle No Pad, no Inside projection 
 
 
Reinforcement CALCULATION, Description: Noz N2 Fr10 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           40.000  mm. 
 Actual Thickness Used in Calculation                   5.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Welded Flat Head, tr [Int. Press] 
  = d * sqrt(Z*C*P/(Sv*E)) per UG-34 (c)(3) 
  = 134.0*sqrt(1.0*0.2*1./(138*1.0)) 
  = 5.1031 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 1.*20.0/(118*1.0+0.4*1.) 
  = 0.1691 mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl    92.0000  mm 
 Parallel to Vessel Wall                        Rn+tn+t    46.0000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp    10.0000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N2 Fr10. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 1.1691 mm 
 Wall Thickness per UG16(b),                      tr16b = 3.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 6.1031 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 6.1031 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 3.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 4.1200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
  = min[ 4.12, max( 6.1031, 3.5 ) ] 
  = 4.1200 mm 
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Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 1.1691, 4.12 ) 
  = 4.1200 mm 
 
Available Nozzle Neck Thickness = 5.0000 mm --> OK 
 
Nozzle Junction Minimum Design Metal Temperature (MDMT) Calculations: 
 
Nozzle-Shell/Head Weld (UCS-66(a)1(b)), Curve: B 
 ---------------------------------------------------------------------- 
Govrn. thk, tg = 5.0, tr = 0.169, c = 1.0 mm, E✱ = 1.0 
Thickness Ratio = tr * E✱/(tg - c) = 0.042, Temp. Reduction = 78 °C 
 
 Min Metal Temp. w/o impact per UCS-66, Curve B             -29 °C 
 Min Metal Temp. at Required thickness (UCS 66.1)          -104 °C 
 
 Gov. MDMT of the nozzle to shell joint welded assembly :  -104 °C 
 
Weld Size Calculations, Description: Noz N2 Fr10 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      4.0000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.8000 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 1 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 77.0508 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N3 - Shell inlet              From:   50 
 
 Pressure for Reinforcement Calculations        P      2.5000  MPa 
 Temperature for Internal Pressure           Temp         210  °C 
 Design External Pressure                    Pext        0.10  MPa 
 Temperature for External Pressure         Tempex         210  °C 
 
 Parent Material                                 SA-312 TP316 
 Parent Allowable Stress at Temperature        Sv      132.20  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Inside Diameter of Cylindrical Shell           D      134.50  mm 
 Design Length of Section                       L   1153.8000  mm 
 Shell Finished (Minimum) Thickness             t      3.4000  mm 
 Shell Internal Corrosion Allowance             c      0.0000  mm 
 Shell External Corrosion Allowance            co      0.0000  mm 
 
 Distance from Bottom/Left Tangent                     206.53  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                        SA-312 TP316 
 Material UNS Number                                   S31600 
 Material Specification/Type                        Wld. pipe 
 Allowable Stress at Temperature               Sn      132.14  MPa 
 Allowable Stress At Ambient                  Sna      137.90  MPa 
 
Note: The allowables above have been divided by 0.85, see UG-37 [S]. 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                           90.00  deg 
 Diameter                                             60.3000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      4.0000  mm 
 
 Flange Type                                 Weld Neck Flange 
 
 Corrosion Allowance                          can      0.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     39.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      0.0000  mm 
 
 Flange Class                                             300 
 Flange Grade                                          GR 2.2 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Abutting/Set-on Nozzle No Pad 
 
 
Reinforcement CALCULATION, Description: Noz N3 - Shell inlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           60.300  mm. 
 Actual Thickness Used in Calculation                   4.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Cylindrical Shell, tr [Int. Press] 
  = P*R/(Sv*E-0.6*P) per UG-27 (c)(1) 
  = 2.5*67.25/(132*1.0-0.6*2.5) 
  = 1.2863 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 2.5*30.15/(132*1.0+0.4*2.5) 
  = 0.5661 mm 
 
Required Nozzle thickness under External Pressure per UG-28 :  0.1670  mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl   104.6000  mm 
 Parallel to Vessel Wall, opening length              d    52.3000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp     8.5000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N3 - Shell. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 0.5661 mm 
 Wall Thickness per UG16(b),                      tr16b = 1.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 1.2863 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 1.5000 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 1.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 3.4200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
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  = min[ 3.42, max( 1.5, 1.5 ) ] 
  = 1.5000 mm 
 
Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 0.5661, 1.5 ) 
  = 1.5000 mm 
 
Available Nozzle Neck Thickness = 4.0000 mm --> OK 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Weld Size Calculations, Description: Noz N3 - Shell 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      3.4000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.3800 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 2 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Drop for this Nozzle is : 7.1373 mm 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 49.5373 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
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Input,  Nozzle Desc: Noz N4 - Shell outlet             From:   50 
 
 Pressure for Reinforcement Calculations        P      2.5000  MPa 
 Temperature for Internal Pressure           Temp         210  °C 
 Design External Pressure                    Pext        0.10  MPa 
 Temperature for External Pressure         Tempex         210  °C 
 
 Parent Material                                 SA-312 TP316 
 Parent Allowable Stress at Temperature        Sv      132.20  MPa 
 Parent Allowable Stress At Ambient           Sva      137.90  MPa 
 
 Inside Diameter of Cylindrical Shell           D      134.50  mm 
 Design Length of Section                       L   1153.8000  mm 
 Shell Finished (Minimum) Thickness             t      3.4000  mm 
 Shell Internal Corrosion Allowance             c      0.0000  mm 
 Shell External Corrosion Allowance            co      0.0000  mm 
 
 Distance from Bottom/Left Tangent                    1226.53  mm 
 
 User Entered Minimum Design Metal Temperature         -10.00  °C 
 
Type of Element Connected to the Parent : Nozzle 
 
 Material                                        SA-312 TP316 
 Material UNS Number                                   S31600 
 Material Specification/Type                        Wld. pipe 
 Allowable Stress at Temperature               Sn      132.14  MPa 
 Allowable Stress At Ambient                  Sna      137.90  MPa 
 
Note: The allowables above have been divided by 0.85, see UG-37 [S]. 
 
 Diameter Basis (for tr calc only)                    Outside 
 Layout Angle                                          270.00  deg 
 Diameter                                             60.3000   mm 
 
 Size and Thickness Basis                              Actual 
 Actual Thickness                              tn      4.0000  mm 
 
 Flange Type                                 Weld Neck Flange 
 
 Corrosion Allowance                          can      0.0000  mm 
 Joint Efficiency of Shell Seam at Nozzle      E1        1.00 
 Joint Efficiency of Nozzle Neck               En        1.00 
 
 Outside Projection                            ho     39.0000  mm 
 Weld leg size between Nozzle and Pad/Shell    Wo     10.0000  mm 
 Groove weld depth between Nozzle and Vessel Wgnv      3.4000  mm 
 
 Flange Class                                             300 
 Flange Grade                                          GR 2.2 
 
The Pressure Design option was Design Pressure + static head. 
 
Nozzle Sketch (may not represent actual weld type/configuration) 
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Abutting/Set-on Nozzle No Pad 
 
 
Reinforcement CALCULATION, Description: Noz N4 - Shell outlet 
 
ASME Code, Section VIII, Div. 1, 2021, UG-37 to UG-45 
 
 Actual Outside Diameter Used in Calculation           60.300  mm. 
 Actual Thickness Used in Calculation                   4.000  mm 
 
Nozzle input data check completed without errors. 
 
Reqd thk per UG-37(a) of Cylindrical Shell, tr [Int. Press] 
  = P*R/(Sv*E-0.6*P) per UG-27 (c)(1) 
  = 2.5*67.25/(132*1.0-0.6*2.5) 
  = 1.2863 mm 
 
Reqd thk per UG-37(a) of Nozzle Wall, trn [Int. Press] 
  = P*Ro/(Sn*E+0.4*P) per Appendix 1-1 (a)(1) 
  = 2.5*30.15/(132*1.0+0.4*2.5) 
  = 0.5661 mm 
 
Required Nozzle thickness under External Pressure per UG-28 :  0.1670  mm 
 
UG-40, Limits of Reinforcement : [Internal Pressure] 
 Parallel to Vessel Wall (Diameter Limit)            Dl   104.6000  mm 
 Parallel to Vessel Wall, opening length              d    52.3000  mm 
 Normal to Vessel Wall (Thickness Limit), no pad   Tlnp     8.5000  mm 
 
Taking a UG-36(c)(3)(a) exemption for nozzle: Noz N4 - Shell. 
This calculation is valid for nozzles that meet all the requirements of 
paragraph UG-36.  Please check the Code carefully, especially for nozzles 
that are not isolated or do not meet Code spacing requirements. To force 
the computation of areas for small nozzles go to Tools->Configuration 
and check the box to force the UG-37 small nozzle area calculation. 
 
UG-45 Minimum Nozzle Neck Thickness Requirement: [Int. Press.] 
 Wall Thickness for Internal/External pressures      ta = 0.5661 mm 
 Wall Thickness per UG16(b),                      tr16b = 1.5000 mm 
 Wall Thickness, shell/head, internal pressure     trb1 = 1.2863 mm 
 Wall Thickness                  tb1 = max(trb1, tr16b) = 1.5000 mm 
 Wall Thickness                  tb2 = max(trb2, tr16b) = 1.5000 mm 
 Wall Thickness per table UG-45                     tb3 = 3.4200 mm 
 
Determine Nozzle Thickness candidate [tb]: 
  = min[ tb3, max( tb1,tb2) ] 
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  = min[ 3.42, max( 1.5, 1.5 ) ] 
  = 1.5000 mm 
 
Minimum Wall Thickness of Nozzle Necks [tUG-45]: 
  = max( ta, tb ) 
  = max( 0.5661, 1.5 ) 
  = 1.5000 mm 
 
Available Nozzle Neck Thickness = 4.0000 mm --> OK 
 
SA-312 TP316, Min Metal Temp without impact per UHA-51:  -196 °C 
 
Weld Size Calculations, Description: Noz N4 - Shell 
 
 Intermediate Calc. for nozzle/shell Welds   Tmin      3.4000  mm 
 
Results Per UW-16.1: 
                       Required Thickness    Actual Thickness 
 Nozzle Weld          2.3800 = 0.7 * tmin.  7.0700 = 0.7 * Wo mm 
 
Skipping the nozzle attachment weld strength calculations. Per UW-15(b)(2) the nozzles 
exempted by UG-36(c)(3)(a) (small nozzles) do not require a weld strength check. 
 
Maximum Allowable Pressure for this Nozzle at this Location: 
 Converged Maximum Allowable Pressure in the Operating case: 2 MPa 
 
Note: The MAWP of this junction was limited by the parent Shell/Head. 
 
The Drop for this Nozzle is : 7.1373 mm 
The Cut Length for this Nozzle is, Drop + Ho + H + T : 49.5373 mm 
 
PV Elite is a trademark of Hexagon AB, 2022, All rights reserved. 
 


