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Thermal Stress at the Junction of Skirt to Head in Hot
Pressure Vessel

M. S. Han* J. M. Han* and Y. K. Cho*
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Abstract

It is well recognized that a excessive temperature gradient from the junction of head to skirt in
axial direction in a hot pressure vessel can cause unpredicted high thermal stress at the junction
and/or in axial direction of a skirt. This thermal stress resulting from axial thermal gradient may
be a major cause of unsoundness of structural integrity. In case of cyclic operation of hot
pressure vessels, the thermal stress becomes one of the primary design consideration because
of the possibility of fracture as a result of cyclic thermal fatigue and progressively incremental
plastic deformation. To perfbrm thermal stress analysis of the junction and cylindrical skirt of a
vessel, or, at least, to inspect quantitatively the magnitude and effect of thermal stress, the
temperature proﬁl_e of the vessel and skirt must be known.

This paper demonstrated the temperature distribution and thermal stress analysis for the
junction of skirt to head using F. E. analysis. Effect of air pocket in crotch space was
quantitatively investigated to minimize the temperature gradient causing the thermal stress in
axial direction. Effect of the skirt height on thermal stresses was also studied. Analysis results
were compared with theoretical formulas to verify the applicability to the strength calculation in
design field. '
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Fig. 1 Conﬁguratidn and dimension of analyzed
vessels

Table 1& &€ 4 _7]e] F2 HA 2AS
Uebd Zolt}t, HA ¢4H (design pressure) & 2
3.5 kgf/om’e 24 18] B2 ¢GRI A4 &%
(design temperature) 2 Hd 71F L%
(maximum operating temperature) 7} =& 124
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Table 1. Principal design specification for analyzed vessels

Specifications

Vessel Item

Vessel | Vessel [l
Design pressure, kg/Cm’ 3.5 3.5
Design temperature, C 477 565
Maximum operating temperature, T 477 507
Mean amvient temperature, T 43 43
Design wind speedk, m/sec. 50 50
Shell & Head SA516 Gr. 70 SA387 Gr.22 CL.2
Materials
Skirt SA516 Gr. 70/SA285 C SA387 Gr.22 CL.2
Material Rock wool vianket
Insulation
Thickness, mm 165.0
Material Concrete
Fireproofing
Thickness, mm 75.0

W Insulation
[ Fircproofing

B8 fnsulation
3 Fireproafing

A
9

877 }_-‘
T
2300

{a) Vessel 1 (b) Vessel 1

Fig. 2 Installation of insulation and fireproofing
materials for analyzed vessels
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Fig. 3 Combined effective film coefficient and metal
conductivity
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Fig. 4 Temperature dependent material properties
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(b) A model for Vessel T

{a) A model for Vessel [

Fig. 5 F.E. mesh models for heat transfer analysis
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Fig. 6 Effect of air pocket on temperature
distribution along skirt
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pocket modelo] M= air pocketo] BuUE x| Hoz
FE oF 175 mm 52 A Hol A}, Air pocket A
A fpiel o Ho G437 2 YA W=
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Fig. 7 Effect of air pocket on longitudinal stress
along skirt
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Fig. 8 Effect of air pocket on longth on temperature
distribution along skirt (Vessel 1)
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Fig. 9 Effect of air pocket length on longitudinal
stress (Vessel )
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Table 2. Maximum and minimum o, and occurrence location with A

Inside of skirt Qutside of skitr
A, mm Compressive (6 %) max Location (X) Tensile (0 %) max Location (X)
MPa mm MPa mm
300 -377.7 85.5 344.2 107.4
560 -228.4 0 214.1 215
‘600 -178 395 178 395

560mm$] model®] (ox) max”} 2 &% (AL=560mm)
e AR QA (AL=300mm) g skirt WHAA
wAsly] gEol AgE WHe JHoz QA3 &
d J3F9 st 72N vy QRez A
Zbgich, ¥hE AL=600mmol A19] (0x) maxs= skirt
A 2 QA skit AR} F33) oA F
A YA A BAsIH o (ox) max BUFE A
o g 7H3 Akt

4.1.3 Skirt o)d] o} & oxo] B3}

Fig. 102 Vessel 19} skirt &o} (HS) ¢} ®stol] &
00 mx Z (0) m®] TAA How & ¥3HE LEMA

ek a@olA Hee #148719 VR, Ra= 2
oA 9 skirt FAFY WAL, t = skit TA)
2 UE B399 gez st23d Jehyxglch
Hot 29doz #L A$H/ VR 2 )dE

600

T T g W T T T T T T 20

500

+ Howd (Rt

P I S N
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400 )
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0.8

| i Lot
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DN sz s

\ (G.)p, ® 101.7 MP2

100
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P ]
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7
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o

Fig. 10 Effect of skirt height on(c,),,, and H_,,
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k.

4.2 81 ZAzte] o|Eslete] H|w
4.2.1 Skirt 4% =B ¥
Fig. 110l Yehd R} o] % tho] 2271 TRl
go] gdd wHEE Zolo AdH & WIS
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B 259 AR AS, H, HE A )= ALH
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Ho— T, h, External Insulation

0 H
K T, h, Internal insulation

Fig. 11 Insulated semi-infinite cylinder subject to
heat flow
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th A QAN T, =To2l 3% A BE 979 2
=7} "o
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X2l Aztoltt. Table 3o Yebd AA AFES
4 (2)9] o]8 &% BE¥ 4] thYated Vessel 19]
odA 2 i) A g Uiy ez EX, T
®E FAHHY 39 4 3, W= Ak

T =434e™™% + 43 (G 42 94) 3

T(x) = 434e*™™ + 43 (4342 Ax) 99) @

o]EA 7o) HNE 45 Vessel 19 F& HHO
sl

1) CASE I : ©dA) #U M=) + air pocket 4
2 x4

2) CASE T : ©dA 2 w3} (skirt sha)
B3t Ax Z2 + air pocket P12 ZA

3) CASE I : 9] 2@ =3l (skirt 3FTHE) +
air pocket (AL=600mm) 4% =4 (44 =) 22
g 2 BIAE AXF} F$o FZIHH
modelol & 314 A g o] &5k

Fig. 125 9] 37} CASEd| et L= 8 ¥ 9]

LK T

[

€

rx:]‘

Y Aol 4 (3), WEA AsdEHE o] 2=
BXE A veld Zeolch. ddA dx Jg
3k A (3)2 2% B XA E CASE 19] 84 Axt
9} Ao Az glon o= gL BHS
gdgdAre 2 A FE R air pocketE HR)3A &
E AL skirt SREIXE o] L AR
A% 4 ok AL Jela 9ok ¥ CASE
I L8 ¥= CASE 19 258X vl 2
T AR AdHez AM Y AHgMY &
S CASE 17} CASE I BT} A33] @it} o
AL ddAe gAx AFHy & EAE AFE
2tz W8lA S skirt sl A g CASE 17}
CASE [ B} skirt Stt5-oll A 2] F-9fe] o]
oS &3slA dojur] "Eolth. CASE 9 2
ZEXE GEA Uit o] 25 £ X9} skint §
A o] & Zurg A3 skint Aol X E A

Temperature on Skirt (Vessel I)

4 ————  Theoratical formula (Eq.3)

5000 ~  Af - - - Theoretical formuta (Eq.4) B
—&—  CASE I(All insulation/Without air pocket) .~
—A—  CASE (i(Insulation+Fireproofing/Without air pocket)
o
1

Skirt height from junction (x), mm

B CASE lli(Insutation+Fireproofing/A, =600mm)
6500 - ]

. I . i . I )
100 200 300 400 500
Temperature, °C

7000
]

Fig. 12 Prediction of temperature distribution
along skirt

Table 3. Coefficients for temperature distribution in the skirt of VESSEL 1 (260C)

H (x10 9, W/mm'T Km (x10 9, m(x10 9
Material tm, mMm A, T|B, T
H H, mm mm’
1
Rock woo 0.3203 0.3411 41.01 28 7.6406
(Insulation)
434 43
Concrete 1.7096 2. 0834 41.01 28 18.175
(Fireproofing)
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o]Z no|1 glon Wil i o8 Lx BEX
2= skirt®] 299 Axtel A Z Aol§ B
o]a Qct. CASE I ¢ ZAd air pocketS F712
X% CASE 19 £EZEY 34 A= ar
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B 3 -w]* 6)

1

(Rat,)?

(B = e cos fix

£y = et (cos Bx —sin fx)

£,(Br) = e-5 (cos B +sin f) G
f(fx)=e-P sin fix

2 51% g(x) &= skit 2089 &% FAE
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0, (x) = £1.4125 (0.7896 f, (Bx)
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Ackx 7+ sk e

)

3|
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Fig. 132 Vessel 12} Without air pocket model®i]
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o 2ol xol BAYE 442 EADT. 4 (10)
&4 ®0] HUBT Vessel 1o e 2 29

915} Table 3¢ Vel wdAel m, A S H&
s A @4 ()= drh

6.(x)= F 03316 - C,(Bx) - EaVRyt,

,(OSxS%)

=0 (msx<e)  (11)
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et ox(x) 9 F, E 34 A9 4] (1) M 34
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Fig. 13 Temperature distribution along skirt by
FEM and linear approximation (Without air
pocket model)
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Fig. 14 Prediction of longitudinal thermal stress
along skirt (Without air pocket model)
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Fig. 15 Prediction of longitudinal stress along skirt
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