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Structural Analysis of Gas Generator Regenerative Cooling Chamber

Chul-Sung Ryu, Hwan-Seok Choi
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Abstract

Elastic-plastic structural analysis for regenerative cooling chamber of gas generator

was performed.

Uniaxial tension test was also conducted for STS316L at room and high temperature conditions to get
the material data necessary for the structural analysis of the chamber which is operated under thermal
load and high internal pressure. Physical properties including thermal conductivity, specific heat and

thermal

expansion data were also measured. The structural analysis for four different types of

regenerative cooling chamber of gas generator revealed that increased cooling performance decreases

the thermal

load and strain of the cooling channel. The results propose that in order for the

regenerative cooling gas generator chamber to have high structural stability with endurance to high
mechanical and thermal loads, it is important for the chamber to be designed to have high cooling

performance.
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Table 1 STS316L mechanical properties at room

temperature
) 0.2% offset . .
Tensile ) Relative |Relative
Test Yield . .
strength elongation |reduction
No. (/) strength %) %)
0 0
)
test #1 | 532 200.5 78.97 81.75
test #2 | 578 243.7 82.50 81.20
test #3 | 566 234.3 83.13 82.29
average | 558 226.2 81.53 81.75
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Fig. 1 Test results of STS316L at high temperatures

803



Figure 1o a1 QJAGAIFES Foto] 92 §9-
HYgE A4S Yehdidd AlgZds A3 E
25 273 KAAMHFEEH 873 K7HA S7HA1R 9

(e}
%7] 1849 MPacllA 1411 MPaz %t
FHd W) Aurge S35
A= 873 KellA FA8HA &
dhs 545 BTt o3 ARy shs
L7 AN AWM efu FREe] 257}
873 K o] om F7letA dEE %

=10 PN
TS & 5 Q)

23 =2|™ £4 A[E(physical property test)

b A7) e AW AR A=
STS316Le] d/-zal| e ok vd, X%
I agla ERFATE 471 sk B4 5
4 AES Fdsh vE 9 ddERE 334
Al LFA 427 ¥IE ARESlel KS L
1604-2002 TfAol wel #HolA ZHA Hoez =
Astg o AAFA <= Linseis L76 FH| =
&3t SA 3Gl

Table 2= =E24 54 AdS 5519
STS316L2] dHlolEfolt), AP AY EHFE
B en 1273 K7HA A8 Ao w2 Z7)3}
HAFgom vd 9 dAEEE
7HEol s AR AlAsiH 53] 673 KH-EH
J43% T7HE BRejFE).

Table 2 Physical properties of STS316L

density Temp.Specific Thermal_ _ Thermgl
(g/em™) [(K) heat Conductivity expansion
g (g « K|{(Wim + B |a(x10"/K)

Rooml 4539 | 1507

Temp.

373 | 0.508 15.20 17.6

473 | 0.538 17.19 17.9
7.99 573 | 0.535 | 18.18 18.2
atroom | g73 | 0583 | 21.01 185
temp.

773 | 0.675 25.55 18.8

873 | 0.781 | 30.88 19.1

1073 19.7

1273 20.2
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Fig. 2 Configuration of the gas generator

Table 3 Configuration of cooling channel

Item Type I |Type II|Type II|Type IV
Number of | 4, 86 126 | 90
Channel

Channel

Width(mm) 274 | 266 | 1.48 | 215
Rib 100 | 125 | 125 | 1.68
Thickness(mm)| ™ ' ' '

Rib

Height(mm) 2.00

Chamber Wall 1.00

Thickness(mm)
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Table 4 Boundary conditions at design operating

condition
Type |[Type |Type |Type
Item I 1 m v
Hot gas
temperature,(K) 1063 | 1063 |1063 |1063
Coolant

temperature, (K) 323 323 325 324

Hot gas side heat
transfer coeff., 7171 | 7184 | 7248 |7212
(W/m? K)
Coolant side heat
transfer coeff., 11791 | 12077 | 15338 | 13404
(W/m* K)
Gas side wall
pressure(MPa)
Coolant
pressure(MPa)

578 |5.78 5.78 5.78

7.020 |7.020 |7.077 |7.051

Table 5 Boundary conditions at off-design
operating condition

Type |Type |Type |Type

Item I 1 m v
Hot gas
temperature, (K) 1140 |1140 1139 |1139
Coolant

temperature, (K) 325 | 325 327 | 326

Hot gas side heat
transfer coeff,, 6950 |6955 |7025 |6990
(W/m* K)

Coolant side heat
transfer coeff.,| 11970 | 12260 | 15540 | 13596

(W/m’ K)

Gas side wall

pressure(MPa) 6.647 |6.647 |6.647 |6.647
Coolant

pressure(MPa) 7.887 | 7.887 |7.944 7918

Coolant Pressure

Gas Heat Transfer
Coefficient

Coolant Heat
Transfer Coefficient
Gas Pressure

Gas Temperature
Coolant Temperature

05 08 5.8 6.2 20.0

Start Combustion End Combustion

Fig. 3 Operating history of the gas generator for
structural analysis
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Table 6 Maximum Temperatures of Design
operating condition

Type I |Type Il |Type I | Type IV

Max. |gas side| 679.1 | 679.1 | 661.9 676.4

Temp. [coplant
(K)  |side

539.4 | 537.9 | 506.9 528.0

Table 7 Maximum temperatures oft off-design
operating condition

Type I |Type Il [Type III | Type IV

Max. gas side| 706.4| 706.3 | 687.8 703.3
Temp. |coplant

558.3 | 556.8 | 522.8 | 545.8

(K)  |side
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Fig. 4 Effective strain history of design operating
condition(type III)
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Fig. 5 Effective strain history of off-design
operating condition(type III)
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