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Abstract 

Due to high efficiency and lack of contaminants resulting from cryogenic engines combustion as well 

as high energy content of these motors they are increasing used for space shuttle engines. So, this 

clarifies the necessity of more analysis of these fuels besides improving the efficiency of internal 

combustion engines. Prediction of transport phenomena in liquid rocket engines because of some 

complexities was impossible to be done, but today it happens via using the simulation software.  The 

present research is an attempt to examine the results of modeling and simulation of flow field and the 

temperature inside the combustion chamber with liquid fuel applying the combustion models in 

combination with the turbulence models. The simulation results and turbulence model predicted well 

the temperature inside the combustion chamber. Also, with regard to the simulation results of the 

combustion chamber, the effects of change of geometric parameters of the cooling ducts on transfer of 

the engine thrust chamber with liquid fuel.  These geometrical parameters include number and 

frequency of the cooling channels height, fins thickness and the inner wall of the drift chamber. The 

results indicate that with decrease of flowing cross section of refrigerants from the channel and 

reduction of the thickness of the inner wall chamber, the wall temperature will also reduce. As the 

maximum wall temperature occurs in the throat area, increasing the number of cooling channels has a 

direct impact on the reduction of the maximum wall temperature, but with increase of the height, the 

maximum wall temperature will increase. 
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Introduction 

Special efficiency and the absence of emissions 

from the combustion of hydrogen cryogenic 

propellant and high energy content of the 

propellant have created very good prospects for 

the use of this fuel in spacecraft engines 

(Asfahani A., 2022; Çakar S., et. al., 2022). 

Main engine of space shuttle is among this type 

of engine uses this fuel (Gutheil, 2001).  

Therefore, improving the efficiency of internal 

combustion engines is one of the main issues for 

combustion science researchers. So, knowledge 

of the nature of the flow and combustion inside 

combustion chamber of internal combustion 

engines to improve their performance is very 

important (Dinler & Yucel, 2007). 

Most rocket engines are of internal combustion 

type (Reddy et al., 2011). Prediction of  transfer  

phenomena inside liquid rocket engine due to 

the complexity of many of the conditions in the 

combustion chamber have not been possible so 

far (Masquelet, 2006). In the liquid fuel engine, 

in order to protect interior wall of the chamber 

against hot gases caused from the combustion, 

one of the propellant after passing through the 

cooling channel wall, is injected into the 

combustion chamber (Alshammari EM., 2022; 

Shinkar DM., et. al., 2022).  Flows into the 

combustion chamber is mainly of turbulence 

flows and for analysis of the flow parameters it 

is needed for modeling turbulent combustion 

flows.  Prediction of heat transfer 

characteristics in the drift chamber is very 

important for designing liquid fuel engine with 

retrieval cooling highly matters (Rushdi 

Khunfur S., et. al., 2022).  Reducing the wall 

temperature of the hot gases at about 50 to 100 

° C caused a two-fold increase of chamber life 

is important in the space missions industry due 

to the high cost of  production.  

The necessity to enhance the performance of 

high-pressure combustion devices in liquid-

propellant rockets requires high chamber 

pressures. In a liquid rocket engine thrust 

chamber, higher chamber pressures allow a 

higher specific impulse for the engine to be 

produced. Liquid fuels and/or oxidizers are 

usually delivered to combustion chambers as a 

spray of droplets, which then undergo a 

sequence of vaporization, mixing, ignition, and 

combustion processes at pressure levels well 

above the thermodynamic critical points of the 

fluid. Near the critical point, reactants 

properties show liquid-like densities, gas-like 

diffusivities, and pressure-dependent solubility. 

Several studies on analysis of heat transfer in 

liquid-fueled engine drift chamber have been 

done.  Marchi et al (2004) presented a one-

dimensional mathematical model for the non-

combustible gas in the drift chamber with 

retrieval cooling. The model is obtained with 

coupled equations of gas flow in the chamber, the 

fluid flow in cooling channels and thermal 

conductivity of the wall. Numerical study of film 

and retrieval cooling in the drift chamber was 

performed by Zhang et al (2007).  Exchange of 

heat and mass transfer between the hot gas stream 

and a liquid thin film inside the chamber with a 

two-dimensional non-combustible gas flow 

model and for fluid flow cooling in the channel, a 

one-dimensional model is used.  

A 3D model for the numerical simulation of fluid 

flow in cooling channel of liquid rocket motor 

drift chamber is provided by Wang et al (2006). 

They found approximately 335optimal channels 

with an acceptable pressure drop in the channel. 

A 2D mathematical model of combustible gas 

flow in the nozzle of the liquid fuel engine was 

presented by Cai et al (2007) and VanOverbeke 

and Shuen (1989). In this model, rradiations 

effects of gases and retrieval cooling are not 

considered. Hence, this study aims to model 

turbulent combustion flow of liquid fuel 

combustion chamber with the aid of fluid 

simulation software and temperature parameters 

inside the chamber with the existing turbulence 

model. 

Combustion chamber of advanced rocket uses a 

liquid oxidizer which, is injected in higher than 

the critical temperature and pressure into the 

combustion chamber. Therefore, the surface 

tension of drops tends to zero, and the droplets get 

unstable. Because of that, the distance between 

the liquid and gas phases disappears, the flow can 

be considered as a homogeneous phase.  

Therefore, the Eulerian method flow formula can 

be used to model the combustion (Benarous, et al., 

2007).A one-dimensional mathematical model 

has been provided to simulate the gas flow in the 

chamber, the flow pass through cooling channels 

and thermal conductivity of the wall which, the 

effects of cross-sectional area of flow, friction, 

heat transfer and chemical reactions and gases 

radiations into the wall are considered.  

In the past the research Mayer and Tamura 

(1996), Candel et al., (1998), Smith et al., (2002) 

has concerned the cryogenic propellant 

combustion under subcritical and transcritical 

conditions, in particular in the case of liquid 

oxygen and gaseous hydrogen injected from a 
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single element at various chamber pressures 

(0.1–7 MPa). Recently, there is a great interest 

in the development of reusable liquid rocket 

engines operating with methane and oxygen as 

propellants. Extensive efforts have been made 

in experimental works to characterize the 

dynamics of supercritical fluid injection and 

mixing Chehroudi et al., (2002), Oschwald and 

Schik, (1999), Mayer et al., (2003) and 

Oschwald et al., (2006). 

 

Modeling method:   

Figures 1 to 3, illustrate the study engine, type 

of cryogenics coaxial injector fuel injection, 

and cooling channel geometry respectively. The 

used fuel is hydrogen and a type of liquid and 

liquid oxygen oxidizer and the type of 

combustion is non-premixed combustion. The 

fuel injection site is on the central axis of the 

input current. In the study conditions, oxygen at 

a pressure of 60 bar and a temperature of 100k, 

speed 4.35m / s and 298k and hydrogen at 

temperature 298k and speed 168m / s entered into 

the combustion chamber. In the present study, 

water is used as a refrigerant in the channels. The 

chamber pressure was determined 20bar, and 

input temperature and fluid mass flow rate of 

cooling were specified respectively  300k, and 

20kg /s and the inner wall was made of copper.  

To solve the two-dimensional and axial 

symmetric flow field, a numerical code is 

increased with turbulence models was used. In 

this numerical code, the governing equations were 

dismissed and were performed via volume control 

method using the simple algorithm.  In the 

location of the flow input speed, boundary 

condition is input pace and walls in form of 

constant temperature at 1200k. At the walls place, 

non-slip boundary condition at the wall using 

standard wall functions was included.  In addition 

to the above components, the radial velocity and 

zero gradient for the dependent variables, of the 

flow were applied as the boundary condition in 

symmetry axis.  

 

Fig.1: fluid fuel engine with cryogenic (H2-O2) 

 

Fig.2: cut in single component with a coaxial geometry change 
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Fig.3: the geometry of cooling channel 

 

Fig. 4 illustrates adiabatic flame temperature 

close to 3500k which mixing fraction (7.5 to 

8.0) temperature of the combustion flame 

appears. Due to the high difference occurs in fluid 

mixture it is better to take transitional properties 

of a varying temperature. 

 

 

Fig.4: ratio of speed-temperature-molecular weight to mixing fraction of hydrogen-oxygen fuel  

 

(𝑇) = ∑ 𝛼𝑖𝑇𝑖

4

𝑖=0

            ,                  𝜇(𝑇)

= ∑ 𝑏𝑖𝑇𝑖

3

𝑖=0

                                                                 (1) 

 

Here, viscosity (μ), a & b are constant values, 

thermal conductivity coefficient (λ) and T is the 

chamber temperature. For the thermo chemical 

simulation of combustion a polynomial is 

adopted only for the gas phase and the method 

of least squares coefficients a & b and the mixed 

local density and the mixture law was used for its 

computation ((Benarous, et al., 2007). In 

references Takase (1996) and also according to 

descriptions in Cutrone et al. (2006) and Wilcox 

(1998), the standard k-1 two-equation model has 

been used to simulate turbulent heat transfer with 

Reynolds Averaged Navier–Stokes (RANS) in a 

limited channel, in the homogeneous phase 

model, the written in form of Favre average were 

solved. Chamber inlet turbulent kinetic energy (k) 

for each flow is as follows:   

𝑘𝑓,𝑜𝑥 = 0.00375𝑈𝑓,𝑜𝑥𝑈2̅̅ ̅̅              
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     (2) 

Fuel input rate or oxidizer (Uf,ox), and  (u2) is 

average square velocity. The two-equation 

model (k-ε) was used with Pop Correction. 

Using this method, the dynamic behavior of the 

downstream non-rotating flow of a single 

injector element is properly expressed.  

 

Table 1: performance conditions of fuel 

O2 H2 
Performance 

conditions  

6 6 Pressure  

100 287 Temperature  

0.1 0.07 Mass flux  

178 381 
Turbulent kinetic 

energy 

 

Combustible the gas flow equations include the 

mass conservation equation, momentum, 

energy conservation and molecular components 

transfer equation where for (NR) preliminary 

reactions are as follows (Majidi Parsa, 2010).  

 



𝑡
(𝜌𝐴) +



𝑥
(𝜌𝑢𝐴) = 0        ,    



𝑡
(𝜌𝑢𝐴) +



𝑥
[(𝜌𝑢2 + 𝑝)𝐴] = 𝑝

𝑑𝐴

𝑑𝑥
+ 𝐹′     (3) 



𝑡
(𝜌𝐸𝐴) +



𝑥
[(𝜌𝑢𝐸 + 𝑢𝑝)𝐴] =



𝑥
(𝑞𝑥𝐴) +

𝑞′                                                  (4) 



𝑡
(𝜌𝑌𝑖𝐴) +



𝑥
(𝑢𝑝𝑌𝑖𝐴) = 𝐴𝜔̇𝑖 −



𝑥
(𝑝𝑢̃𝑖𝑌𝑖𝐴)                                                     (5) 

𝑞𝑥 = 
𝑇

𝑥
− 𝜌 ∑ ℎ𝑖𝑌𝑖𝑢̃𝑖

𝑁𝑠
𝑖=1   ,      𝐹′ =

−
π

8
𝑓𝑔𝜌 𝑢|𝑢|𝐷 ,        𝑞′ = 𝐴𝑤ℎ

′ (𝑞ℎ
" +𝑞𝑟

" )        (6) 

 

Enthalpy of reaction equation:  

𝜌ℎ𝑡

𝑡
+
𝜌𝑢𝑗ℎ𝑡

𝑥𝑗
=

𝜌

𝑡
+



𝑥𝑗
(𝜌𝑘

ℎ𝑡

𝑥𝑗
+ 𝑢𝑖𝜏𝑖𝑗) +

𝑢𝑗𝐹𝑗             ℎ𝑡 = ℎ + 𝑢𝑖𝑢𝑖/2              (7) 

Mass fraction of component equation:  

[𝜌𝑌𝑘]

𝑡
+



𝑥𝑖
[𝜌𝑌𝑘𝑢𝑖] =



𝑥𝑖
[𝜌𝐷𝑘

𝑌𝑘

𝑥𝑖
] +

𝑊̇𝑘                                                                       (8) 

Mixed reaction model: 

𝑅1 = 𝑣′𝑀𝑖𝐴𝜌
𝜀

𝑘
[

𝑌𝑅

𝑣𝑅
′ 𝑀𝑅

] ,     𝑅1 =

𝑣𝑖
′𝑀𝑖𝐴. 𝐵𝜌

𝜀

𝑘
 

∑ 𝑌𝑃

∑ 𝑣𝑗
"𝑁

1 𝑀𝑗
   ,     𝑊̇𝑘 =

𝑀𝑖𝑛(𝑅1, 𝑅2)    (9) 

Eddy dissipation model:  

 

This model is based on eddy breakdown. The 

turbulence current is formed from a wide range 

eddy these eddy consume energy in form of 

friction and their vanishing process leads to 

shrinking of the eddy. Finally, they vanish and 

oxygen and hydrogen enter through separate eddy 

into the combustion chamber. Eddies are broken 

and get smaller and are stopped and mixed 

because of friction.  

 

Turbulence model: 

For modeling frictional -eddy current, two 

equations of standard (k-ε) and (RNG) are used. 

In this model, two values k and  ε are computed 

via two differential equations. Algebraic stress 

model, in addition to solving the transport 

differential equations for k and  ε, for obtaining 

each of the Reynolds stress solves an algebraic 

equation.  

 



𝑡
(𝜌𝑘) +



𝑥𝑗
(𝜌𝑘𝑢𝑖) =



𝑡
[(𝜇 +

𝜇𝑡

𝜎𝑘
)
𝑘

𝑥𝑗
] + 𝐺𝑘 −

𝜌𝜀                                            (10) 



𝑡
(𝜌𝜀) +



𝑥𝑗

(𝜌𝜀𝑢𝑖)

=


𝑡
[(𝜇 +

𝜇𝑡

𝜎𝜀
)
𝜀

𝑥𝑗
] + 𝐶1

𝜀

𝑘
(𝐺𝑘)

− 𝐶2𝜌
𝜀2

𝑘
− 𝑅𝜀 

𝜇𝑡 =

𝐶𝜇𝜌
𝑘2

𝜀
                                                                                                                 

(11) 

 

Here, 𝑞𝑥 is  thermal conductivity  in gases and 

thermal effects due to the influence of 

components mass, 𝐹′   is frictional drag of 

chamber, 𝑞′ is the effects of heat transfer to wall 

includes displacement  heat flux ,  𝑞ℎ
"  and radiant 

heat flux 𝑞𝑟
"  are modeled as below (Zhang, et al., 

2007). 

𝑞ℎ
" = ℎ𝑔(𝑇𝑤ℎ − 𝑇𝑎𝑤)         ,               𝑞𝑟

" =

𝜀𝑔𝜎(𝑇𝑤ℎ
4 − 𝑇𝑔

4)                                  (12) 

Where,  
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P,u,and Tg are pressure , velocity and 

temperature of gas, E is specific total energy, A 

is sectional area of flow, ℎ𝑓𝑖
𝑜  

is formation enthalpy of component i,  is 

thermal conductivity coefficient of gas, ℎ𝑖 

specific enthalpy of component i, 𝜌 is gas 

density, 𝑢̃𝑖 is infiltration rate of component i, 𝑌𝑖 

is mass fraction of component i, 𝑓𝑔 is Darcy 

friction factor, D is hydraulic diameter of the 

chamber, 𝐴𝑤ℎ
′  is gas -side wall surface area per 

unit length x, ℎ𝑔 is coefficient of heat transfer 

of gas, 𝑇𝑤ℎ is gas-side wall temperature, 𝜎 , the 

Stefan - Boltzmann constant, 𝜀𝑔 gas presidents 

coefficient, 𝑇𝑎𝑤 adiabatic wall temperature 

(Zhang, et al., 2007).  

The subtitles i and Ns show each component 

and total number of chemical constituents.   

To determine the friction coefficient value, the 

Colebrook equation (Fox & McDonald, 1994) 

and for determination of the heat transfer 

coefficient between the gas and the wall, the 

Bartz equation (Zhang, et al., 2007) were 

applied. The used chemical model is the 

combustion air - hydrogen model containing 9 

components and 18 preliminary reactions 

(VanOverbeke and Shuen, 1989). For 𝑁𝑅 the 

preliminary reaction could be written as:  

∑ 𝑣𝑖𝑗
′ 𝑅𝑖

𝑁𝑠
𝑖=1

𝑘𝑓𝑗



𝑘𝑏𝑗

∑ 𝑣𝑖𝑗
′′𝑅𝑖

𝑁𝑠
𝑖=1         𝑗 =

1, … , 𝑁𝑅                                                             (13) 

Where,  

𝑅𝑖,𝑣𝑖𝑗
"  and 𝑣𝑖𝑗

′′ are symbol of component i, the 

Stoichiometric coefficient of component i 

irrespectively which are reciprocating in 

reaction j.  𝑘𝑓𝑗
 And 𝑘𝑏𝑗

 are constant rate of 

reciprocating j reaction which are a function of 

temperature and gas are determined by the 

Arrhenius equation. 

𝑘𝑓𝑗
= 𝐴𝑓𝑗

𝑇
𝐵𝑓𝑗 𝑒

−𝐸𝑓𝑗
𝑅̅𝑇⁄

  ,       𝑘𝑏𝑗
=

𝐴𝑏𝑗
𝑇

𝐵𝑏𝑗 𝑒
−𝐸𝑏𝑗

𝑅̅𝑇⁄
                                            (14) 

 

Where,  

Free energy of reaction 𝐸𝑓𝑗
and𝐸𝑏𝑗

 are energy of 

releasing sweep j reaction, 𝐴𝑓𝑗
,  𝐵𝑓𝑗

,𝐴𝑏𝑗
 and 𝐵𝑏𝑗

 

are constants sweep j reaction.  Rate of change 

of molar concentration of component jth by 

reaction jth is (𝐶̇𝑖)𝑗 which 𝐶̇𝑖concentration of 

component j is. The overall changing rate of 

mass concentration of component (𝜔̇𝑖) is written 

as below:  

(𝐶̇𝑖)𝑗 = (𝑣𝑖𝑗
" −𝑣𝑖𝑗

′ ) [𝑘𝑓𝑗
∏ 𝐶𝑙

𝑣𝑖𝑗
′

𝑁𝑠
𝑙=1 −

𝑘𝑏𝑗
∏ 𝐶𝑙

𝑣𝑖𝑗
"

𝑁𝑠
𝑙=1 ]    , 𝜔̇𝑖 = ∑ 𝑀𝑖(𝐶̇𝑖)𝑗

𝑁𝑅
𝑗=1       (15) 

Specific heat at constant pressure, thermal 

conductivity and viscosity of each chemical 

component is determined with a polynomial of 

degree four (VanOverbeke and Shuen, 1989). 

The assumption of quasi-one-dimensional flow 

was used to simulate the fluid passing through the 

cooling channel. 

In this study, cooling fluid with specific mass 

flow passes from nozzle end through injection 

channel and flows in opposite direction of passing 

gas flow in the chamber. The equations consist of 

continuity equations; momentum size and energy 

assuming refrigerant density in form of 

polynomial degree two in terms of fluid 

temperature are as follows respectively (Marchi, 

et al., 2004):  

 

𝑑

𝑑𝑠
(𝜌𝑐𝑢𝑐𝐴) =

0                       ,                
𝑑

𝑑𝑠
(𝜌𝑐𝑢𝑐

2𝐴) = −𝐴
𝑑𝜌𝑐

𝑑𝑠
+

𝐹′                        (16) 

𝑐𝑝𝑐

𝑑

𝑑𝑠
(𝜌𝑐𝑢𝑐𝐴𝑇𝑐) = 𝛽𝑇𝑐𝑢𝑐𝐴

𝑑𝜌𝑐

𝑑𝑠
+ 𝑞′    ,          𝜌𝑐

= 𝜌 + 𝜌2𝑇𝑐 + 𝜌3𝑇𝑐
2             (17) 

In these equations, 𝐹′ is channel friction drag, 𝑞′ 

includes two works of friction and heat transfer 

between the walls and is written as below:  

𝐹′ = −
𝜋

8
𝑓𝑐𝜌𝑐  𝑢𝑐|𝑢𝑐|𝐷   ,    𝑞′ = |𝑢𝑐𝐹′| +

𝐴𝑤𝑐
′ 𝑞𝑐

"       , 𝑞𝑐
" = ℎ𝑐(𝑇𝑤𝑐 − 𝑇𝑐)             (18) 

 

In the above relation ,  𝜌𝑐   ، 𝑢𝑐    ، 𝑃𝑐  and 𝑇𝑐 are used 

for  density, velocity, pressure and temperature of 

the cooling fluid, S the direction of the flow in 

channel, A cross-sectional area of the fluid in the 

channel, 𝐶𝑝𝑐 specific heat at constant pressure of 

the cooling fluid, 𝛽 the volumetric thermal 

expansion coefficient, and 𝑓𝑐 and D  Darcy 

friction coefficient and hydraulic diameter of the 

channel respectively, 𝐴𝑤𝑐  thermal transfer 

between the cooling fluid and 𝐴𝑤𝑐
′  represents 𝐴𝑤𝑐 

onto  the unit of length s, 𝑞𝑐
"  heat flux, ℎ𝑐heat 

transfer coefficient between the cooling fluid and 

the wall and  𝑇𝑤𝑐   wall temperature of the 

refrigerant and for solving the equations , the 

implicit method is extended for combustible 
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flows , were applied for  solving the equations 

for the gas flow. 

 

Simulation results:  

In following, the output results of temperature 

counters in the combustion chamber of engine 

from the simulation software are presented.  

 

Fig.5: Static temperatures counter in engine combustion chamber 

 

Fig.6: Isothermal contours of static temperature combustion chamber 

 

Combustion temperature in the central part of 

the screen to the injector changes as: first in the 

injector inlet to the chamber, since no collision 

has not lead to sustainable combustion yet, 

combustion occurs very low and in the 

boundary layer between two flow directions. 

The initial temperature is average of two 

injected jet temperature into the chamber and 

approximately 100k. After jet collision and 

initiation of mixing and combustion, temperature 

will rise, but the reaction has not reached the 

required temperature to the highest possible 

speed. Treatment yet not led to sustained ignition 

combustion is very low and the boundary layer 

between the jet stream occurs. 
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Fig.7: Contour of the reaction enthalpy of combustion chamber 

 

Fig.8: lines with same enthalpy flow over the combustion chamber 

 

Fig.9: Contour reaction rate turbulent of combustion engine 

 

From 100mm distance the injector goes to 

completion due to formation of large eddy and 

temperature increases rapidly due to the 

formation of hot product again, until it reaches 

its maximum value over the chamber. After this 

distance, the reaction reaches equilibrium and 

the maximum temperature of combustion, 

mixes with remaining temperature of hydrogen 

fuel jet with 298k temperature. The temperature 

begins to decrease and eventually reaches a 

relatively uniform balance temperature and leads 

to about 2400k on motor output. 
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Fig.10: temperature profile in combustion chamber of engine 

 

Comparison of the above and below diagrams 

indicates that combustion model used in 

simulation shows properly the temperature of 

combustion with a difference near 200K. 

Simulation revealed that combustion chamber 

temperature shows a rapid increase in 0.1mm 

distance and reaches its maximum rate, i.e. 

1900K, and combustion gases exit from the 

chamber with an average temperature of 1900K. 

As figures 5 and 7 show, the temperature 

distribution along combustion chamber can be 

predicted properly by using proper combustion 

model and the existing method.      

 

 

 

Fig.11: temperature profile in combustion chamber of engine based on the experiment of benarous et al, 

2007 

 

 

 

 

The effects of the channel height and the effect of 

fin thickness and the thickness of the inner wall of 

the chamber on axial distribution of the wall 

temperature of the gas-side are shown in Fig.10 & 

11.  
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Fig.12: Axial distribution of wall temperature at different number of channels (left) and for different 

channel height (right) 

According to diagram in Fig.10 ( right hand 

side), it could be said that  as channel height 

increases from 4 to 7, the wall temperature rises 

to about 100 ° K. But increasing number of 

cooling channels, the wall temperature reduces 

about 150 ° K.  

 

Fig.13: Axial distribution of wall temperature at different thicknesses Finn (left) and different wall 

thicknesses (right) 

 

Considering the diagram in Fig.11 (right hand 

side), the right wall temperature will increase 

with increasing wall thickness. As the diagram 

shows, this increase is non-linear and highly 

progressive. Increase of fin thickness causes 

reduction in the maximum temperature of the 

wall. Fig.12 and 13illustrates the effect of 

changing height and number of channels, Fin 

thickness and thickness of inner wall on the 

maximum wall temperature of the gas. 
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Fig.14: Effect of changes in channel number (left) and channel height (right), the maximum wall 

temperature 

As shown in the above diagram, increasing 

number of cooling channels has a direct impact 

on reducing the maximum wall temperature. 

This reduced temperature is to somewhat close 

to the curve. About increase of the cooling 

channels height it can also be said that with 

increasing height of the wall temperature will 

increase due to transfer rules is reasonable and 

expected. 

 

Fig. 15: Evaluation of the effects of fin thickness (left) and the thickness of the inner wall (right), the 

maximum wall temperature 

Diagram 13 shows that with increase of fin 

thickness, the maximum wall temperature 

decreases and with increase of inner wall, as the 

right hand diagram shows, the maximum 

temperature will increase which because of the 

heat transfer characteristics of the wall is 

reasonably expected. 

 

 

Conclusion:  

The combustion model used in the simulation 

profile displays well temperature caused by 

combustion with a difference approximately 

200k. In the injector inlet to the chamber, since no 

collision occurs yet, no sustainable combustion is 

created and combustion takes place very low and 

in the boundary layer between to jets of flows. 

The initial temperature is an average of two 

injected jet flows into the chamber and about 

100k. After the jets collision and mixing and 

combustion, temperature shows an increase, but 
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the reaction does not reach h the required 

temperature for reaching the highest speed. 

From 100mm distance, the mixing injector goes 

towards completion due to formation of large 

eddies and temperature because of formation of 

a hot product increases rapidly to reach the 

maximum value over the chamber. After this 

distance, the reaction reaches equilibrium and 

the maximum temperature caused by 

combustion, mixes with the temperature of 

remaining hydrogen fuel jet at 298k and 

temperature beans to reduce.  

Finally, the effect of geometrical parameters of 

cooling channels on rate of the rate of heat 

transfer through the cooling channel wall thrust 

chamber of liquid-fuel engines, the cooling 

fluid channel and the thermal conductivity of 

the walls were studied. For effective cooling 

thrust chamber, the wall temperature of the hot 

gases must be lower than the melting 

temperature of wall. This can be done by 

increasing the cooling fluid flow, reduction of 

cross-sectional area of the fluid passing through 

the cooling channels by reducing channel height 

and fin thickness, sex change and reduction of 

the thickness of the inner wall of the engine. 
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