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Structural analysis of liquid rocket thrust chamber
regenerative cooling channel using visco-plastic model

Chul-Sung Ryu* - Hwan-Seok Choi*

ABSTRACT

Elastic-viscoplastic structural analysis is performed for regenerative cooling chamber of liquid
rocket thrust chamber using Bodner-Partom visco-plastic model. Strain rate test was also conducted
for a copper alloy at various temperatures in order to get material constants of visco-plastic model
used in the structural analysis. Material constants of visco-plastic model were obtained from strain
rate test results and visco-plsstic model was incorporated into finite element program, Marc, by
means of user subroutine. The structural analysis results indicate that the deformation of cooling
channel is mostly caused by thermal loading rather than pressure loading and confirmed structural

stability of the cooling channel under operating condition.
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Fig. 1. Strain rate test results of copper alloy at 500TC

Table 1 Material constants of Bodner-Partom model

Temperature dependent constants

Z} My, my, mlc E

Temp.| n

P (MPa) | MPa~| MPa~| MPa~ Y| (MPa)
Room | o« 1 280 | 13 | 022 | 0.053 | 95000
temp.

200 T| 32| 380 | 1.5 | 025 0.053 | 93000

400 T| 22| 330 | 24 | 0.35 | 0.045 | 91000

Temperature independent constants
D, 1x10* sec™’

A 251.3 MPa

Z 6.2 MPa

My, 661.3 MPa™'

Map 66.1 MPa!

My, 0.005 MPa™!
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Table 2 Boundary condition of nozzle throat

Boundary Condition |No Combustion| Combustion
Hot Gas Side Heat

Transfer Coefficient 00 . 12474
(W/m*.K)

Gas Temperature(K) 293 2500
Hot Gas Side Wall

Static Wall 0.1 25
Pressure(MPa)

Coolant Side Heat

Transfer Coefficient 47500 72692
(W/m*.K)

Coolant

Temperature(K) 293 380.8
Coolant Side Static

Wall Pressure(MPa) 754 758
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Table 3 Strain values at nozzle throat for channel
thickness 1.5 mm at 58 sec

Effective

R strain | @ strain |Z strain )
strain

Node 1| 0.01389 | -0.00782 | -0.00672 | 0.01413

Node 2| 0.01291 | -0.00682 -0.00673 0.01313

Node 3| 0.01024 | -0.00578 | -0.00483 | 0.01038

Table 4 Strain values at nozzle throat for channel
thickness 1.0 mm at 5.8 sec

Effective

R strain |8 strain|Z strain .
strain

Node 1} 0.01425 |-0.00879 | -0.00608 | 0.01454

Node 2| 0.01006 | -0.0045 |-0.00614 | 0.0103

Node 3| 0.01099 |-0.00641 | -0.0049 | 0.01113

5 0.016
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Fig. 2. Effective strain for channel thickness 1.5 mm
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Fig. 3. Effective strain for channel thickness 1.0 mm
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