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Structural Analysis of Gas Generator Regenerative Cooling Chamber
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Abstract

Elastic-plastic structural analysis for regenerative cooling chamber of gas generator was performed.
Uniaxial tension test was conducted for STS316L at room and high temperature conditions to get the
material data necessary for the structural analysis of the chamber which was operated under thermal
load and high internal pressure. Physical properties including thermal conductivity, specific heat and
thermal expansion were also measured. The structural analysis for four different types of regenerative
cooling chamber of gas generator revealed that increased cooling performance decreased the thermal
load and strain of the cooling channel structure. 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 i Relative [Relative
Test Yield . .
strength elongation |reduction
No. (V/mm?) strength %) %)
(] ()
i (N/mm?)
test #1 532 200.5 78.97 81.75
test #2 | 578 243.7 82.50 81.20
test #3 | 566 2343 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

AFA - HEY

AE AdelM e
o] FA43dA A=

873 KA A5 #8553 g
E3E BoFU

23 4 EM ME

b2y AREZ B e d/F2EA F
8 °Y, dARAS aga EWFAFE o
7] #18ke} STS316L0 Wdte] F2ohx 127tA)
B84 54 AEE +339 uld 2 dAx
% &3 NE2 LFA 427 A6 E ALE3le] KS L
1604-2002 Ao w2} #Holx EYA Hez F
At on EHAAFE Linseis L76 A8 S A}
43t FAAT

Table 2= E9X 54 APE 3o d
STS316L¢] dlolEjoltt. AdAF AP ES Al
A5 1273 K7HA HEH ez Frtste AES
BAFgon HE 2 dHEEE 573 Ko|F F
7heol ©E AR7] AAstY 53] 673 KH-EH
4% 37ME B9k

3. JhABFMT| AL ZE M EEsiA

3.0 MYy My Fxsiy =Y

Figure 2& Tl A3tz Qe 7wy
PAolgh, A7) SlER Fodo AL
FTEHY, dEv dad EaROA FFHI
A YR s 3 Ade [ﬂra} FE Qe

Table 2 Physical properties of STS316L

density Temp.Specifw Them)al' . Thermzfll
(¢/em® () heat Conductivity |expansion
(Jg « KJ(W/m + K) |a(x107%/K)
Room 539 | 15.07
Temp.
373 0.508 15.20 17.6
473 0.538 17.19 17.9
7.99 573 0.535 18.18 182
at room | g73 | 0583 | 21.01 18.5
temp.
773 0.675 25.55 18.8
873 0.781 30.88 19.1
1073 19.7
1273 N 20.2
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Fig. 2 Configuration of gas generator

Table 3 Configuration of cooling channel

Item Type I |Type II |Type II|Type IV
Number of

Channel %0 86 126 90
Channel

Widhmm) | 274 | 266 | 148 | 215
Rib

Thickness(mm) 1.00 1.25 1.25 1.68
Rib

Height(mm) 2.00

Chamber Wall 1.00

Thickness(mm)|

Table 4 Thermal and pressure load conditions at
design operating condition

Type |Type |Type |Type

Item I 0 0 N
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

5.78 |5.78 5.78 5.78

pressure(MPa)

Coolant

pressure(MPa) 7.020 17.020 |7.077 |7.051
Outer Jacket Analytical Model
STS3204 ,

VSN O N Y AN CoolmgChanneIRnb\
Lot ot 0 \\\\\\\\\

NG Cooling Channel Wicth
\\ SRR O\ \ S
// - =) s 7. : / - ,/ 2
N e A A /J
- R R
\ / Cooling Channel 'yhlckness
Internal Wall / Hot Gas
STS316L. Cooling Channel Hecght

Fig. 3 Section view of regenerative cooling channel
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Table 5 Thermal and pressure load conditions at
off-design operating condition

Type |Type |Type |Type

Item I 0 o N
Hot gas
temperature, (K) 1140 {1140 (1139 (1139
Coolant

temperature, (K) 325 1325 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)
Coolant
pressure(MPa)

6.647 {6.647 |6.647 |6.647

7.887 (7.887 |7.944 |7.918

Coolant P

Gas Heat Transfer
Coefficient

Coolant Heat
Transfer Coefficient
Gas Pressure

Gas Temperature
Coolant Temperature

'
05 08 5.8 8.2 200

Start Combustion End Combustion

Fig. 4 Operating history of the gas generator for
structural analysis
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Table 6 Maximum Temperatures of Design

operating condition

Type I |Type II [Type I | Type IV

Max. |pas side| 679.1 | 679.1 | 661.9 | 676.4

Temp. |coolant

(K) |side

5394 | 537.9 | 5069 528.0

Table 7 Maximum temperatures of off-design
operating condition

Type I [Type II |Type II |Type IV

Max. \gas side] 706.4| 7063 | 687.8 | 703.3
Temp.

coolant | 5051 5568 | 5228 | 545.8

(K) |side
0.016
Node 1
0.014 4
ST83281
0,012 4
£
g 0.010
»
.g 0.008 -
: ¢
5 00064 3
STSIMEL
0.004 | 1 2
Node No.
0.002 | .
0.000 -I
T T T T T T T T T
0 1 2 3 4 5 8 7 8 9 10

Time(sec)

Fig. 5 Effective strain history of design operating
condition(type III)
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Fig. 6 Effective strain history of off-design operating
condition(type III)
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