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Fig. 5 ASME flanged and dished heads

Table 1 The value of the coefficient M

é 1.00 | 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75 | 3.00 | 3.25 | 3.50
M 1.00 | 1.03 | 1.06 | 1.08 | 1.10 | 1.13 | 1.15 | 1.17 | 1.18 | 1.20 | 1.22
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M 1.256 1 1.28 | 1.31 | 1.34 | 1.36 | 1.39 | 1.41 | 1.44 | 1.46 | 1.48 | 1.50
% 9.50 | 10.0 | 10.5 | 11.0 | 11.5 | 12.0 | 13.0 | 14.0 | 15.0 | 16.0 16%
M 1.52 | 1.54 | 1.56 | 1.58 | 1.60 | 1.62 | 1.65 | 1.69 | 1.72 | 1.75 | 1.77
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Fig. 6 The design of saddle
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Table 3 The design data of the heat exchanger

SHELL TUBE
Flowrate GPM 200 480
Temperature (IN/OUT) °F 110/131.7 200/190.8
Design temperature °F 200 400
Design pressure Psi 200 900
Test pressure Psi 300 1350
Joint efficiency % 100 100

_11_



A7) ‘
I N = 0 2 .. -
T oirmny EL e 1 ﬁ” :
£ WO F IS XN 07 TON A : - . -
ac-oey |3V HOALOrk BEid | Wos— 0 isv n = : 3 - sl :
| wuswren | ween | woudeso ! T T
3 NOUYILIDAS WIELYH A

I =n T
ot VG 103 4OHINY WIADYH

Fig. 7 Heat exchanger design drawing

- 12 -



7HEd g

X
o

2.2

Pre-Processign & =

-
1

HA A

A

25314}

3

o] o

ol o},

—
fite)

el

1A Bk depd ol

92 3

]

o

e A¥d A

=13
s

o
oF
N
Hlp
il

al?

ol
=y

-

£}

A 7F ZFAA e

Q

o)
H

al

a1

%

il

to

it
il
M

al

—~
fite)
6y
B
il

il

ol
o

e
el

<
3

—
fite)

—
fite)

221 FEAE

ol

Yr7tHE §&

-
1

EREEE

Z

g3} 3]

o] A
Fol 2(10)% IDRFE S7ke d4dAs E 9 &

)

°o]-&

KeX
=

(ligament efficiency)

7)ol

Hol 5 gt

3

1]

)

ol gul v A

hyA

(10)

G +Cn+ Gy + G’ + Cy!

*
S

E
E,

(11)

Dy + ]-)1771 + ]-)2772 + ]-)3773 + ]-)4774

*

v

& 123 2ol

KN
T

AES &Aoo, BV E 28 (n)

g .

(12)

_13_



pet dy= A
G ~Co D~ D, =

E 580 01~069 W §Eak1, Table 5914 %{Vko] 0.10] 3

2 Frs A
T

Fao 9AS dErdTh A 10)2 A1)
able 43 Table 59 YWEFH S, Table 59 #2 2714

w2004 e Agsd

e

Al

= 0.1, 2.0

Fig. 8 Pitch and nominal width of ligament at the minimum cross

Table 4 Polynomial coefficients E"/E

section in perforated flat plates

h/P Co Cq Co Cs Ca

0.10 0.0353 1.2502 -0.0491 0.3604 -0.6100
0.25 0.0135 0.9910 1.0080 -1.0498 0.0184
0.50 0.0054 0.5279 3.0461 -4.3657 1.9435
2.00 -0.0029 0.2126 3.9906 -6.1730 3.4307

Table 5 Polynomial coefficients v

h/P Do D D» D3 Dy

0.10 -0.0958 0.6209 -0.8683 2.1099 -1.6831
0.15 0.8897 -9.0855 36.1435 | -59.5425 | 35.8223
0.25 0.7439 -4.4989 12.5779 | -14.7039 5.7822
0.50 0.9100 -4.8901 12.4325 | -12.7039 4.4298
1.00 0.9923 -4.8759 12.3572 | -13.7214 5.7629
2.00 0.9966 -4.1978 9.0478 -7.9955 2.2398
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AA otw, ARtz FAld =&5sE A HUoh meEkA o]
%171 9] saddle support, vessel

shell near the saddle support, vessel shell near nozzlesol| ™3t ~EZHAE 7

Egoms TaA A Flg

231 3 =4
(1) FA

Table 6 The weight of the heat exchanger

Empty 1,805 LB
Operating 2,200 LB
(2) AA 49 - 2&
Table 7 Design pressure and temperature
Tube side Shell side
Design Pressure, Psig 900 200
Design Temperature, °F 400 200
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(3) == st=

Table 8 Nozzle loads

Plant Condition
Nozzle name Normal Upset Faulted
Mr(ft-1b) | Fr(b) | Mr(ft-1b) | Fr(b) | Mr(ft-1b) | Fr(lb)
A, B (6“) 1,971 2,663 1,971 2,663 4,300 4,260
C, D (49 1,058 1,872 1,058 1,872 3,057 2,995

(4) A1 8%

A AsF2 upset A2 WA ZE 299 SSE 1/2 #S AF&3}al faulted

o= WGk 3%=e] SSE #h& AHSAH Mo R SSE adZE

5) =% 47 24

Table 9 Hydrostatic test pressure

Tubu side

Shell side

Test Pressure, Psig

1350

300

©) s+5o] =3

Table 10 Stress limits for equipment & supports

Condition Loading Combination Stress Limits
Normal W+P+T+0 Service Limit A
Upset W+ P+ T+ O+ S(U) Service Limit B
Faulted W+ P+ T+ 0+ SEF) Service Limit D
o] 7] A

W : Static(operating weight) load

P : Pressure load

T : Thermal expansion

O : Equipment operating laos(nozzle load)

H st

S(U) : Upset condition dynamic loads(operating basis earthquake load : 1/2 SSE)

S(F) : Faulted condition dynamic loads(safe shutdown earthquake laod : SSE)
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(7) A=

=44

Table 11 Material properties

Su(ksi) | Sy(ksi) | S(ksi) | t(inch)

Shell,Head MDF A516-70N 70 38 17.5 3/8

S:;il Flange MDF A105 70 36 | 175 | 23/8
Nozzle MDF A106-B 60 35 15.0 1/2
Channel shell | MDF A516-70N 70 38 17.5 5/8
Channel Flange 3 1/4

Tube | Channel Cover | MDF A266-CL2 70 35 17.5 3

side | tubesheet 2 7/16
tube MDF A688-TP304 75 30 13.8 7/8
Nozzle MDF A182-F304 75 30 16.2 1

Bic. Saddle support | MDF A283-C 55 30 13.8 1/4
Setting bolt A325 105 81 20.2 1 1/4

o] 7] 4]

Su @ HAFAH =

Sy @ HAUEH =

S 38

t :AA A
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ACEL

oo BEAYE XFE mul
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K
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TYPE NUM

ACEL

Fig. 12 Boundary conditions applied finite element model
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m 2% % 13

1

Augrlel F2H e Grheks] Aske]l 47, w25F, 47345 (OBE
/SSE)el tidt ANSYS &4 227} Table 109 st Z3o] thad 22 A
919 Gefel A F g oldhe] SHRTE A3 glojok Tk,

- Saddle support

- Vessel shell near the saddle support

- Vessel shell near nozzle

ANSYSS] A ghe W, onel g Hges FYS G ol F9
]_

311 A1A a4 =3 3 AHA
1) Saddle suppot
ME MEES AHL SA23-Coluz Jts o] wet 4e3 A
Table 12¢] Yetlom 2353 w389 &9 A= =&y A 39 15
ujj o] o,

Table 12 Membrane stress limits

Stress limits Membrane limit Membrane .B.endong
stress limit
Service limit A 1.0 S = 13.8 ksi 1.5 Fawow = 20.7 ksi
Service limit B 1.33 S =18.354 ksi 1.5 Faow = 27.531 ksi
Service limit D 1.5 S = 20.7 ksi 1.5 Faiow = 31.05 ksi

-

ANE AEES MRS Table 139 ehjglor] $82 389 g
3 FRee o) faaAe eol ot Go3 ol A

_20_



Table. 13 Maximum stress intensity of saddle supports Unit : ksi
load Opergt.mg Classification Max. st‘ress Refer to
condition intensity
rmal Pm 23
norma
Static Pm+ Pb 23 ]
+ Pipin upset Pm 23 Fig. 17
ping P Pm+ Pb 23 Fig. 18
load lted Pm 36.8
autte Pm-+ Pb 36.8
ormal Pm N/A
orma Pm+ Pb N/A
Seismic . Pm 2.5 Fig. 19
load Hpse Pm+ Pb 25 Fig. 20
Pm 5
faulted Pmt Ph =
1 Pm 23.0
Horma Pm+ Pb 23.0
Pm 25.5
Total Upset Pmt Ph o5 &
Pm 41.8
faulted Pm+ Pb 41.8
Normal condition
Pm = 23.0 ksi < Fallow=13.8 ksi BAD
Pm+Pb = 23.0 ksi < 1.5 Fallow=20.7 ksi BAD
Upset condition
Pm = 255 ksi < Fallow=18.354 ksi BAD
Pm+Pb = 255 ksi < 1.5 Fallow=27.531 ksi OK
Faulted condition
Pm = 41.8 ksi < Fallow=20.7 ks1 BAD
Pm+Pb = 41.8 ksi < 1.5 Fallow=31.05 ksi BAD
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2) Vessel Shell near the saddle support & Nozzles

Shelle] &S MDF A516-70N ©]1 channel shell®] #Z-<& MDF
A266-CL2 o]t} Ztzte] Adeo) &858 175 ksiz sdsit) s 523
of me} wh&=# A gty wWEHY wFSH T A FE Table 149 LEF
BiFA=3

Table 14 Stress limits of shell near the saddle support

Stress limits Membrane stress limit Membrane -+ ‘B.endong
stress limit

Service limit A 1.0 S = 17.5 ksi 1.5 Faiow = 26.25 ksi

Service limit B 1.33 S =19.25 ksi 1.5 Faow = 28.875 ksi

Service limit D 1.5 S = 35.0 ksi 1.2 Faiow = 42.0 ksi

saddle support <+ <] shelldl Wigt 3| Z23E Table 159 YEFA O™ g
sl gsAet WegH Y wIdey FY E&Ad SHol diste] o Zo
v =] ¢l o,

_—

Table 15 Maximum stress intensities of shell near the saddle support

Operating o Max. stress
load o Classification ] ) Refer to
condition intensity
normal Pm 4.1
Static Pm+Pb 10.7 .
+Pipin, upset Pm 4.1 Fig. 21
bine b Pm+Pb 10.7 Fig. 20
load Pm 6.1
faulted Pr+Ph 16.9
normal Pm N/A
Pm+Pb N/A
Seismic . Pm 0.6 Fig. 23
upse
load P Pm+Pb 0.8 Fig. 24
Pm 1.2
faulted PmiPh 15
| Pm 4.1
norma Pm+Pb 10.7
Pm 4.7
Total Upset PmiPh 115
Pm 7.3
faulted Pr+Ph 184
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m oo
o

Table

Normal
Pm = 4.1 ksi
Pm+Pb = 10.7 ksi

Upset
Pm = 4.7 ksi
Pm+Pb = 11.5 ksi

Faulted
Pm = 7.3 ksi
Pm+Pb = 184 ksi

o

:

o

[o rlo

o
Auj
L oo
3@ IR

oo

=)

R - o
ol

A

AT,

5
il

< Fallow = 175 ksi
< 1.5 Fallow = 26.25 ksi

< Fallow = 19.25 ksi
< 1.5 Fallow = 28.875 ksi

< Fallow = 35.0 ksi
< 1.2 Fallow = 42.0 ksi

near the nozzles

OK
OK

OK
OK

OK
OK

o] A gk gelabd @k olell Table 169 3
¥ 7 ws 2A Y &3 Table 173} 23 tha3

6 Stress limits of shell(Shell side) & Channel shell (Tube side)

Stress limits

Membrane stress limit

Membrane + Bending

stress limit

Service limit A

Fallow :1.0 S = 17.5 kSl

3 S = 52.5 ksi

Service limit B

Faow =1.1 S = 19.25 ksi

3 S = 52.5 ksi

Service limit D

Faow =2.0 S = 35.0 ksi

Table 17 Maximum stress intensities of shell(shell

shell (tube side) near the nozzles

side) & channel

Nozzle ) o Shell near
Load ] Operating condition Refer to
Size the Nozzle
Pm 11.7
Normal =5 "= 50 195
6”(A,B) Pm 117 Fig. 25
) Upset )
p (Tubeside) Pm + Pb 19.5 Fig. 26
ressure
Faulted Pm 12.6
load+ ated "pm + Pb 22.2
Piping Pm 94
load Normal =5 "= =50 17.2
4”(C,D) Unset Pm 94 Fig. 27
se
(Shellside) b Pm + Pb 17.2 Fig. 28
Pm 135
Faulted Pm + Db 39
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Normal

PL = 11.7 ksi < 1.5 Fallow = 26.25 ksi OK

PL+Q = 195 ksi < 3 S = 525 ksi OK

Upset

PL = 11.7 ksi < 1.5 Fallow = 28.875 ksi OK

PL+Q = 195 ksi < 3 S = 525 ksi OK

Faulted

PL = 13.5 ksi < 1.5 Fallow = 52.5 ksi OK

3) T 2

ARE 27 dEEY ¢ =2 4EHS UtEte AR E 15t EHE =
Ao & shell 79 HATEZLEE 380 ksiolZ 953 (Pm)e A&
Pm < 09 Sy = 342 ksi °|t}. 3 232 (Pm)¥ w5352 (Ph)e 3ol #Hoig

£28S Pm + Pb < (215 Sy-1.2 Pm) o3 o]w =& (Pm)& 067 Sy =
2546 < Pm < 0.9 Sy = 342 ksioll glojoF &t}

Table 18 Hydrostatic test

Load Classification | Max. stress intensity | Refer to
_ Pm 16.1 )
Hydrostatic test Fig. 29
Pm + Pb 32.0
Testing
Pm = 16.1 ksi < Fallow = 34.2 ksi OK

Pm + Pb = 32.0 ksi < Fallow = 2.15 Sy-1.2 Pm = 493 ksi OK

A, =&, A¥Ss & 9F P o wFS A A9 Ha o]
etz 2L AW 443 14 % saddle supportol A 3 &88S e F
o 7F WA T B F97E TG gue) AW AhE X R shellf
Ao thate] AZE A A 5HA] E3tE A2 saddle supporte] @ Hol H 7ol
a3 Aog Aoyt
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(a) Shell model (b) Element model
Fig. 30 The second Analysis model

1) Saddle suppot

Table 19 Maximum stress intensity of saddle supports Unit : ksi
load Operelltlmg Classification Max. st.ress Refer to
condition Intensity
normal Pm 13.1
Static Pm+Pb 13.1 _
+Pipin upset Pm 13.1 Fig. 35
bine b Pm+Pb 131 Fig. 36
load taulted Pm 21.2
auite Pm-+Pb 216
normal Pm N/A
Pm+Pb N/A
Seismic . Pm 1.2 Fig. 37
upse
Joad b Pm+Ph 12 Fig. 38
Pm 1.7
faulted PmiPh 17
normal Pm 13.1
Pm+Pb 13.1
Pm 14.3
Total Upset PmtPh 143
Pm 22.9
faulted Pm+Ph 233
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Normal condition
Pm = 13.1 ksi < Fallow = 13.8 ksi OK
Pm+Pb = 13.1 ksi < 1.5 Fallow = 20.7 ksi OK

Upset condition
Pm = 14.3 ksi < Fallow = 18.354 ksi OK
Pm+Pb = 14.3 ksi < 1.5 Fallow = 27.531 ksi OK

Faulted condition
Pm = 229 ksi < Fallow = 20.7 ksi BAD
Pm+Pb = 23.3 ksi < 1.5 Fallow = 31.05 ksi OK

2) Vessel shell near the saddle support & nozzles

Table 20 Maximum stress intensities of shell near the saddle support

Operating o Max. stress
load o Classification ] ) Refer to
condition intensity
Pm 3.9
normal
) Pm+Pb 10.2
Static )
o Pm 3.9 Fig. 39
+Piping upset .
load Pm+Pb 10.2 Fig. 40
o4 Pm 6.4
faulted
Pm+Pb 16.4
| Pm N/A
Horma Pm-+Pb N/A
Seismic Pm 0.3 Fig. 41
upset .
load Pm+Pb 04 Fig. 42
Pm 0.5
faulted
Pm+Pb 0.7
Pm 3.9
normal
Pm+Pb 10.2
Total Unset Pm 42 -
o bse Pm-+Pb 106
P 6.9
faulted o
Pm+Pb 17.1
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Normal

Pm = 39 ksi
Pm+Pb = 10.2 ksi

Upset

Pm = 4.2 ksi
Pm+Pb = 10.6 ksi

Faulted

Pm = 69 ksi
Pm+Pb = 17.1 ksi

< Fallow = 175 ksi
< 1.5 Fallow = 26.25 ksi

< Fallow = 19.25 ksi
< 1.5 Fallow = 28.875 ksi

< Fallow = 35.0 ksi
< 1.2 Fallow = 42.0 ksi

OK
OK

OK
OK

OK
OK

Table 21 Maximum stress intensities of shell(shell side) & channel

shell (tube side) near the nozzles

Nozzle ) o Shell near
Load ] Operating condition Refer to
Size the nozzle
Pm 11.7
Normal
Pm + Pb 195
6"(A,B) Pm 11.7 Fig. 43
i Upset )
(Tubeside) Pm + Pb 195 Fig. 44
Pm 12.6
Pressure Faulted
load+ Pm + Pb 22.2
Piping Pm 9.3
load Normal
Pm + Pb 16.6
4”(C,D) Pm 9.3 Fig. 45
] Upset )
(Shellside) Pm + Pb 16.6 Fig. 46
Pm 13.2
Faulted
Pm + Pb 30.1
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Normal

PL = 11.7 ksi < 1.5 Fallow = 26.25 ksi

PL+Q = 195 ksi < 3 S = 525 ksi
Upset
PL = 11.7ksi < 1.5 Fallow = 28.875 ksi

PL+Q = 195kst < 3 S = 52.5 ksi

Faulted

PL = 13.2ks1 < 1.5 Fallow = 52.5 ksi

3) 74 29

Table 22 Hydrostatic test

OK
OK

OK
OK

OK

Load Classification | Max. stress intensity Refer to
Pm 16.1
Hydrostatic test Fig. 47
Pm + Pb 32.0
Testing
Pm = 16.1 ksi < Fallow = 34.2 ksi OK

Pm+Pb = 32.0 ksi
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Fig. 38 Distribution of stress intensity of saddle supports
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Fig. 39 Distribution of stress intensity of shell near the saddle

(Static + Piping load - normal)

AN | wopaL soLuTToN AN | wopaL soLuTToN
Ep=1
SUB =1
TIME=1
s (ave) (ave)
MIDDLE PowerGraphics
PowerGraphics
=1

[ RN |

(A) Membrane stress (B) Membrane & Bending stress

Fig. 40 Distribution of stress intensity of shell near the saddle
(Static + Piping load - faulted)

_39_



NODAL SOLUTION
STEP=9999
(ave)

MIDDLE
Powercraphics

NODAL SOLUTION
STEP=9999

sINT (ave)
PowerGraphics

SFACET=1

AVRES=Mat

DMX =.001966

SMN =5.219
=405.151

s

(A) Membrane stress (B) Membrane & Bending stress

Fig. 41 Distribution of stress intensity of shell near the saddle
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Fig. 44 Distribution of stress intensity of shell near nozzle A & B
(Static + Piping load - Faulted)
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Fig. 45 Distribution of stress intensity of shell near nozzle C & D
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Fig. 46 Distribution of stress intensity of shell near nozzle C & D
(Pressure load + Piping load - Faulted)
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Fig. 48 The third Analysis model

1) Saddle suppot
Table 23 Maximum stress intensity of saddle supports Unit : ksi

Operating o Max. stress
load o Classification . ) Refer to
condition intensity
normal Pm 13
Static Pm+Pb 13.2 .
+Pipin upset Pm 13 Fig. 53
bine b Pm-+Pb 132 Fig. 54
toad faulted Pm 22.6
Pm+Pb 22.9
normal Pm N/A
Pm+Pb N/A
Seismic . Pm 13 Fig. 55
load P Pm+Pb 13 Fig. 56
Pm 2.5
faulted PmiPh 55
| Pm 13.0
norma Pm+Ph 132
Pm 14.3
Total Upset PmiPh 145
Pm 25.1
faulted Prm+Pb 25.4
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Normal condition
Pm = 13.0 ksi < Fallow = 13.8 ksi OK
Pm+Pb = 13.2 ksi < 1.5 Fallow = 20.7 ksi OK

Upset condition
Pm = 14.3 ksi < Fallow = 18.354 ksi OK
Pm+Pb = 145 ksi < 15 Fallow = 27531 ksi OK

Faulted condition
Pm = 25.1 ksi < Fallow = 20.7 ksi BAD
Pm+Pb = 254 ksi < 1.5 Fallow = 31.05 ksi OK

2) Vessel shell near the saddle support & nozzles

Table 24 Maximum stress intensities of shell near the saddle support

Operating o Max. stress
load o Classification ) ) Refer to
condition intensity
normal Pm 3.7
+Pipin upset Pm 3.7 Fig. 57
bine b Pm+Pb 9.9 Fig. 58
load Pm 6.1
faulted Pm+Ph 159
ormal Pm N/A
Pm+Pb N/A
Seismic . Pm 03 Fig. 59
upse
load b Pm+Pb 04 Fig. 60
Pm 0.6
faulted P Ph 0.7
normal Pm 3.7
Pm+Pb 99
Pm 40
Total Upset P Ph 103
Pm 6.7
faulted Pm+Pb 166
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Normal

Pm = 3.7 ksi
Pm+Pb = 9.9 ksi

Upset

Pm = 4.0 ksi
Pm+Pb = 10.3 ksi

Faulted

Pm = 6.7 ksi
Pm+Pb = 16.6 ksi

< Fallow = 175 ksi

OK

< 1.5 Fallow = 26.25 ksi OK

< Fallow = 19.25 ksi

OK

< 15 Fallow = 28.875 kst OK

< Fallow = 35.0 ksi

OK

< 1.2 Fallow = 42.0 ksi OK

Table 25 Maximum stress intensities of shell(shell side) & channel

shell(tube side) near the nozzles

Nozzle ) o Shell near
Load ) Operating condition Refer to
Size the Nozzle
Pm 116
Normal
Pm + Pb 195
6”(A,B) Pm 11.6 Fig. 61
i Upset )
(Tubeside) Pm + Pb 195 Fig. 62
Pm 12.6
Pressure Faulted
load+ Pm + Pb 22.2
Piping Pm 9.1
Normal
load Pm + Pb 17
4”(C,D) Pm 9.1 Fig. 63
] Upset )
(Shellside) Pm + Pb 17 Fig. 64
Pm 12.8
Faulted
Pm + Pb 31.6
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Normal

PL = 11.6 ksi < 1.5 Fallow = 26.25 ksi OK
PL+Q = 195 ksi <3S =525 ksi OK
Upset

PL = 11.6 ksi < 1.5 Fallow = 28.875 ksi OK
PL+Q = 195 ksi < 3 S = 525 ksi OK
Faulted

PL = 12.8 ksi < 1.5 Fallow = 52.5 ksi OK
3) S A

Table 26 Hydrostatic test

Load Classification | Max. Stress Intensity Refer to
_ Pm 16.1 )
Hydrostatic Test Fig. 65
Pm + Pb 32.0
Testing
Pm = 16.1 ksi < Fallow = 34.2 ksi OK

Pm+Pb = 32.0 ksi
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(A) Membrane stress

Fig. 53 Distribution of stress intensity of saddle supports
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Fig. 56 Distribution of stress intensity of saddle supports
(Seismic load - SSE)
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Fig. 57 Distribution of stress intensity of shell near the saddle
(Static + Piping load - normal)
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Fig. 58 Distribution of stress intensity of Shell near the saddle
(Static + Piping load - faulted)

_50_



AN NODAL SOLUTION AN NODAL SOLUTION
SUB =1 SUB =1

SINT (ave) SINT (ave)

MIDDLE PowerGraphics

Powercraphics BFACET=1

EFACET=1 AVRES=Mat

AVRES=Mat DME =.00197
SMN =4.978

SMX =370.932

(A) Membrane stress (B) Membrane & Bending stress

Fig. 59 Distribution of stress intensity of shell near the saddle
(Seismic load - OBE)
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Fig. 60 Distribution of stress intensity of shell near the saddle
(Seismic load - SSE)
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Fig. 61 Distribution of stress intensity of shell near nozzle A & B
(Static + Piping load - Normal/Upset)
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Fig. 62 Distribution of stress intensity of shell near nozzle A & B
(Static + Piping load - Faulted)
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Fig. 63 Distribution of stress intensity of shell near nozzle C & D
(Pressure load + Piping load - Normal/Upset)

HosL sowurroN HovsL sowurron
AN STEP=1 AN TEP=1
S
Tt
(Ave) SINT (AVG)
Sovercraphive
Sovercraphics P
boci Rrasoac
Bt 203813
03213 S Sk
e o3

(A) Membrane stress (B) Membrane & Bending stress

Fig. 64 Distribution of stress intensity of shell near nozzle C & D
(Pressure load + Piping load - Faulted)
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1) Saddle suppot

Table 27 Maximum stress intensity of saddle supports Unit : ksi
Load Opere.lt.l ng Classification Max. st.ress Refer to
condition intensity
Pm 6.6
Normal
_ Pm + Pb 75
Static Pm 66 Fig. 71
+ Piping Upset P + Ph 75 ]
load m . Fig. 72
Faulted Pm 18.6
autte Pm + Pb 205
Pm N/A
Normal
Pm + Pb N/A
Seismic Pm 0.3 Fig. 73
Upset )
load Pm + Pb 0.3 Fig. 74
Pm 0.6
Faulted
Pm + Pb 0.7
N 1 Pm 6.6
ortha Pm + Pb 75
P 6.8
Total Upset m -
Pm + Pb 7.9
Pm 19.2
Faulted
Pm + Pb 21.2
Normal condition
Pm = 6.6 ksi < Fallow = 13.8 ksi OK
Pm+Pb = 75 ksi < 1.5 Fallow = 20.7 ksi OK
Upset condition
Pm = 6.8 ksi < Fallow = 18.354 ksi OK
Pm+Pb = 7.9 ksi < 1.5 Fallow = 27531 ksi OK
Faulted condition
Pm = 19.2 ksi < Fallow = 20.7 ksi OK
Pm+Pb = 21.2 ksi < 1.5 Fallow = 31.05ksi OK
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2) Vessel shell near the saddle support & nozzles

Table 28 Maximum stress intensities of shell near the saddle support

Operating o Max. Stress
Load o Classification ) Refer to
condition Intensity
Normal Pm 3.4
Static Pm + Pb 11.0
. Pm 3.4 Fig. 75
+Piping Upset Pm + Db 110 Fig. 76
load Pm 75
Faulted Pm + Pb 22,0
Normal Pm N/A
Pm + Pb N/A
Seismic Pm 0.2 Fig. 77
Upset )
load Pm + Pb 0.3 Fig. 78
Pm 04
Faulted Pm + b 0.6
Pm 3.4
Normal Pm + Pb 11.0
Pm 3.7
Total Upset Pm + Db 13 -
Pm 7.9
Faulted Pm + Pb 22,6
Normal
Pm = 34 ksi < Fallow=17.5ksi OK
Pm+Pb = 11.0 ksi < 1.5Fallow=26.25ksi OK
Upset
Pm = 3.7 ksi < Fallow=19.25ksi OK
Pm+Pb = 11.3 ksi < 1.5Fallow=28.875ksi OK
Faulted
Pm = 79 ksi < Fallow=35.0ksi OK
Pm+Pb = 22.6 ksi < 1.2Fallow=42.0 ksi OK
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Table 29 Maximum stress intensities of shell(shell side) & channel

shell(tube side) near the nozzles

. . .. Shell near
Load Nozzle Size | Operating condition Refer to
the Nozzle
Pm 11.1
Normal
Pm + Pb 145
6"(A,B) Pm 11.1 Fig. 79
) Upset ]
(Tube side) Pm + Pb 145 Fig. 80
Pm 125
Pressure Faulted
load Pm + Pb 18.3
+ Piping Pm 9.9
load Normal
Pm + Pb 20.1
4”(C,D) Pm 9.9 Fig. 81
] Upset ]
(Shell side) Pm + Pb 20.1 Fig. 82
Pm 16.1
Faulted
Pm + Pb 38.4
Normal
PL = 11.1 ksi < 15 Fallow = 26.25 ksi OK
PL+Q = 20.1 ksi < 3 S = 525 ksi OK
Upset
PL = 11.1 ksi < 1.5 Fallow = 28.875 ksi OK
PL+Q = 20.1 ksi < 3 S = 525 ksi OK
Faulted
PL = 16.1 ksi < 15 Fallow = 52.5 ksi OK
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Table 30 Hydrostatic test

Refer to

Fig. 83

154

17.7

Classification | Max. Stress Intensity

Pm + Pb

Load

Hydrostatic Test

Testing

OK

< Fallow = 34.2 ksi

Pm = 154 ksi

OK

< Fallow = 215 Sy - 1.2 Pm = 49.3 ksi

Pm+Pb = 17.7 ksi
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Fig. 67 Distribution of membrane & bending stress
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Fig. 68 Distribution of membrane & bending stress
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Fig. 72 Distribution of stress intensity of saddle supports
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Fig. 75 Distribution of stress intensity of shell near the saddle
(Static + Piping load - normal)
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(Static + Piping load - faulted)

_62_



AN NODAL SOLUTION AN NODAL SOLUTION

STppess05 STepe505
o SINT (ave) g SINT (V)
N\ NTnLE N\ powsraEspiites
PowseGraphics
EEAcET-T

(A) Membrane stress (B) Membrane & Bending stress
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Fig. 78 Distribution of stress intensity of shell near the saddle
(Seismic load - SSE)
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Fig. 79 Distribution of membrane stress intensity of shell near nozzle A & B
(Static + Piping load - Normal/Upset)
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Fig. 80 Distribution of stress intensity of shell near nozzle A & B
(Static + Piping load - Faulted)
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Fig. 81 Distribution of stress intensity of shell near nozzle C & D

(Pressure load + Piping load - Normal/Upset)
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Fig. 82 Distribution of stress intensity of shell near nozzle C & D
(Pressure load + Piping load - Faulted)
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Fig. 83 Distribution of stress of hydrostatic test
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Appendix : Seismic response spectra curve
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Fig. 1 Floor response spectra for auxiliary bldg. EL.55'-0"-SSE(NS)
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Fig. 2 Floor response spectra for auxiliary bldg. EL.55'-0"-SSE(VW)
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Fig. 3 Floor response spectra for auxiliary bldg. EL.55'-0"-SSE(VS)
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_71_



The optimum heat exchanger design through the

stress analysis of weight and design conditions

Bong-Chun Kim

Major of Energy & Mechanical Engineering
Graduate School Jeju National University

(Supervised by Professor Dong Won Jung)

When designing a heat exchanger, it is common to apply the ASME Code widely
used in industrial circles; however, there are various unstable factors in the code. For
example, in the designing process of a shell applying the ASME Code, the thickness
of the shell is calculated based on the vessel’s internal pressure, diameter and
allowable stress and welding efficiency of materials on design temperature; however,
the thickness of the shell according to the calculation is always the same regardless
of the length of the pressure vessel. In addition, even though the code stipulates the
way to calculate the thickness of a saddle, it is necessary to reinforce the rib in
order to prevent buckling of the saddle. And because it is also true that there is no
proper method stipulated in the code to reinforce the rib, it is designed arbitrarily
based on the designers’ own experience. Accordingly, the vessel of the heat
exchanger designed by the ASME Code is structurally unstable, and therefore it is
necessary to verify whether it is structurally safe or not. The study shows the design
of a structurally optimized heat exchanger, by applying the code in the ASME,
needed at least four rounds of design changes in order to meet the requirements

stipulated in the ASME, in addition to applying structural analysis methods with

ANSYS, a commercial finite element program.
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