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for Design of Combustion Chamber Cooling Channel
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ABSTRACT

Predicting heat transfer from the inner wall of the combustion chamber of the liquid rocket is a
very difficult task. Several complex processes, such as convection, radiation and conduction must be
taken into consideration. Usually commercial programs are used for the analysis of this processes.
However, commercial programs are not a perfect solution, because of the long calculation times and
a burdening data-input work. In this study, we developed and implemented one - dimensional
thermal analysis. This technique can be easily used on the initial stage. The design of the
combustion chamber’s cooling channel of the steam generator designed using developed technique.
In order to compare experimental and theoretical data, the combustion test was performed. Obtained
experimental data for the coolant temperature differ from the theoretical prediction by only 8.5%.
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Fig. 1. Flow Chart of 1-D Thermal Analysis

Table 2. Properties of Burnt Gas

Parameter Value | Parameter | Value
H,0O Partial
p;zsr:rixe'::;n 08322 | C(kJ/kg-K)| 2.2893
(pol)
C0o, Partial
p;sasrf]rf_xe'r‘]";tz” 0.189 | R(J/kg-K) | 398.38
(P, )
T (K 2981.22 y 1.2107
P (bar) 20 k(w/m-K) | 0.530215
p(kg/m-s) 0.0000778 | M(g/mol) | 20.869
a(m/s) 1199.2
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Fig. 2. 1-D Thermal Analysis Model
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Table 3. Emissivity of Various Metals[9]

Material T (C) €wall
Aluminum 200 ~ 600 0.11 ~ 0.19
Tungsten 600 ~ 1000 0.1 ~ 0.16
Molybdenum 600 ~ 1000 0.08 ~ 0.13
Steel alloy 500 0.35
Titanium 300 ~ 1400 03 ~ 044
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Table 4. Combustor Geometry Table 6. Comparison of 7., ., 7., .a and 7,
Value (mm) Maximum Cooling Cooling
Chamber diameter 70 Combustion | Channel Water
Chamber Wall Outlet
Chamber length 300 Wall Maximum utle
: Temperature | Temperature Temperature
Nozzle throat diameter 19.8 (7, K)
(Twuzz, K) (Tw.wuzz, K) b
Table 5. The Comparison Group Case 1 951.5 553.2 331.6
Case 2 10431 524.9 329.1
wall Channel Coolant
thickness | thickness | flow rate Case 3 899.1 453.0 3104
(mm) (mm) (ka/s) Case 4 | 1003.6 4238 309.1
Case 1 2 2
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Fig. 6. Heat Flux and

Temperature for Each Case
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