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The reliability and resource of the radio-electronic equipment of the spacecraft is increased by ensuring optimal 

temperature conditions. Thermal control systems maintain the set temperature mode and heat removal from the on-
board equipment to the surrounding space. Finned heat exchangers are an important element of the design of thermal 
control systems, which allows intensifying the heat transfer process. The calculation of the characteristics of finned 
heat exchangers must be carried out taking into account their parameters and the physical properties of the heat trans-
fer agent. The organic liquid LZ-TK-2, which has a very low freezing point and other useful performance characteris-
tics, is considered as a heat transfer agent. The dependences of the local heat transfer coefficient of the LZ-TK-2 heat 
transfer agent on the wall temperature are calculated using criteria equations. Based on the numerical solution of the 
two-dimensional problem of thermal conductivity, the temperature fields in finned walls of various configurations are 
determined. Calculations of the heat transfer coefficient of the finned wall of the heat exchanger were made in two 
model approximations, the error of using a simplified approximation that does not take into account the temperature 
dependence of the local heat transfer coefficient was determined. 
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Надежность и ресурс радиоэлектронной аппаратуры космических аппаратов повышается при обеспечении 

оптимального температурного режима. Системы терморегулирования поддерживают заданный темпера-
турный режим и отвод теплоты от бортовой аппаратуры в окружающее пространство. Ребристые тепло-
обменники являются важным элементом конструкции систем терморегулирования, позволяющим интенсифи-
цировать процесс теплопередачи. Расчет характеристик ребристых теплообменников необходимо проводить 
с учетом их параметров и физических свойств теплоносителя. В качестве теплоносителя рассмотрена орга-
ническая жидкость ЛЗ-ТК-2, имеющая очень низкую температуру замерзания и другие полезные эксплуатаци-
онные характеристики. В работе с помощью критериальных уравнений рассчитаны зависимости локального 
коэффициента теплоотдачи теплоносителя ЛЗ-ТК-2 от температуры стенки. На основе численного решения 
двумерной задачи теплопроводности определены температурные поля в оребренных стенках различной  
конфигурации. Проведены расчеты коэффициента теплопередачи оребренной стенки теплообменника в двух 
модельных приближениях, определена погрешность применения упрощенного приближения, не учитывающего 
температурную зависимость локального коэффициента теплоотдачи. 

 
Ключевые слова: система терморегулирования, коэффициент теплоотдачи, оребренная стенка, теплооб-

менник, теплоноситель ЛЗ-ТК-2. 
 
Introduction. The thermal control system (TCS) of a 

spacecraft performs the most important function for en-
suring optimal temperature conditions for all units and 

subsystems in real operating conditions [1–5]. In TCS 
finned surfaces that are in contact with a liquid or gaseous 
heat transfer agent are widely used to intensify heat trans-
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fer and reduce dimensions in heat exchangers. The char-
acteristics of the TCS depend on the parameters of the 
finned surfaces and the thermophysical properties of the 
heat transfer agent; therefore, the development of the TCS 
requires solving a number of problems, such as determin-
ing the local heat transfer coefficient on the contact sur-
face of the wall and the heat transfer agent, calculating the 
heat transfer characteristics of the finned wall and opti-
mizing its parameters. 

The heat transfer characteristics are calculated by the 
temperature field in the volume of the finned wall ob-
tained from the solution of the heat conduction problem. 
As a rule, when solving the heat conduction problem 
various simplifying assumptions are made: temperature 
gradients over the thickness of the fin are neglected (ap-
proximation of a thin fin), a uniform temperature distribu-
tion is taken at the base of the finned wall, a constant 
value of the heat transfer coefficient over the finned sur-
face is set, etc. [6]. So that such simplifying assumptions 
do not lead to significant calculation errors, it is necessary 
to verify the validity of their application for each task. 

The characteristics of the heat transfer process of the 
finned wall and a heat transfer agent depend, on the one 
hand, on the heat transfer coefficient of the heat transfer 
agent on the surface of the heat exchanger, and on the 
other hand, on the conditions of heat transfer in the wall 
volume by the heat conduction mechanism. In this paper, 
we present the results of calculations of the wall heat 
transfer characteristics based on determining the depend-
ence of the heat transfer coefficient LZ-TK-2 on the tem-
perature of a finned surface and modeling the heat trans-
fer process in a finned heat exchanger by numerically 
solving the two-dimensional heat equation without using 
the simplifying assumptions mentioned above. 

Heat transfer coefficient of the heat transfer agent 
LZ-TK-2. According to the requirements of the TCS op-
eration, the heat transfer agent must have a freezing point 
not higher than –80 °C, corrosion inertness to the TCS 
materials, fireproof, and have a number of other specific 
properties [7; 8]. As a working substance for the circuit, 
we consider the heat transfer agent LZ-TK-2, the basis  
of which is isooctane, which has a freezing temperature  
of –107 °C and includes anti-wear additives to reduce 
bearing wear of electric pump units. Description and tem-
perature dependences of the physical properties of the 
heat transfer agent LZ-TK-2 are given in [8]. 

The calculation of the heat transfer coefficient was 
carried out taking into account the mode of motion and 
physical properties of the heat transfer agent, the geomet-
ric parameters of the finned surface. Depending on the 
Reynolds number Re = uD/ν, there are stable laminar  
(Re < 2·103), transitional (2·103 < Re < 104), and devel-
oped turbulent (Re > 104) modes, here u – is the coolant 
velocity, ν – is coefficient of kinematic viscosity. For a 
rectangular channel having a height a and a width b, the 
equivalent hydraulic diameter D = 2ab/(a+b) is usually 
used as a characteristic dimension. The value of the local 
heat transfer coefficient α at the “heat transfer agent-
finned surface” interface was determined using criteria 
equations based on the results of experimental studies and 
similarity theory [9]. For the developed turbulent regime, 

an equation is used that determines the value of Nusselt 
number 

 

0.8 0.43 0.25
h h sNu 0.021Re Pr (Pr / Pr )  . 

 

Prandtl number Pr = νсρ/λ is determined by the values 
of the kinematic viscosity coefficient ν,  the heat capacity 
с, the density ρ and the thermal conductivity coefficient λ, 
corresponding to the average temperature of the heat 
transfer agent (Prh) and the wall surface temperature (Prs). 
If the channel length is more than 50D, the coefficient 
value is ε = 1. The value of the local heat transfer coeffi-
cient LZ-TK-2 is calculated from the value of Nusselt 
number using the formula 

 

Nu

D


  . 

 

Calculations were performed for a = 2.5 mm,  
b = 1.3 mm and the coolant velocity u = 2.9 м/с, the value 
Re = 1.1·104 was obtained with a characteristic value  
V = ν = 0.45 mm2/s. The obtained dependences of the 
heat transfer coefficient α on the temperature of the wall 
surface Ts are shown in fig. 1 for the heat transfer agent 
temperature values of 20, 40 and 60 °C. The figure shows 
that the value of α increases with an increase in both the 
wall surface temperature and the temperature of the heat 
transfer agent. The dependences α(Ts) are the initial data 
for calculating the temperature field of the finned wall. 

Calculation of the temperature field in the finned 
wall. The task of thermal calculation is to determine the 
temperature field and heat transfer coefficient, which re-
flects the ratio of the transmitted heat power to the tem-
perature difference between the heat carrier and the wall. 
We consider the process of heat transfer of a heat transfer 
agent LZ-TK-2 with a finned wall, the cross section of 
which is shown in fig. 2. 

The calculation of the temperature field in the wall of 
the heat exchanger was carried out on the basis of solving 
the non-stationary problem of thermal conductivity. In the 
case of a thick fin in which the temperature gradients are 
comparable in width and height, a two-dimensional ther-
mal conductivity equation of the form is numerically 
solved 

 

2 2

2 2

T T T
c

t x y

   
        

.                          (1) 

 

The calculation area of the problem, which is half of a 
periodically repeated fragment of the finned wall, is high-
lighted in fig. 2 with a dashed outline. On the internal 
boundaries of the wall the symmetry conditions for the 
heat flow ∂T/∂x = 0 are set, and on the contact surfaces 
with the heat transfer agent (including the end surface of 
the fin), the boundary conditions of the third kind are set 
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l L

T
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,                    (2) 

 

here T – is the temperature, x, y – are the spatial coordi-
nates, l = x, y and L – are the size corresponding to these 
coordinates, q – is the heat flux density. It was assumed 
that the temperature of the heat transfer agent in contact 
with the finned surface has a constant value.  
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Fig. 1. Dependence of the local heat transfer coefficient LZ-TK-2  
on the wall temperature 

 
Рис. 1. Зависимости локального коэффициента теплоотдачи ЛЗ-ТК-2  

от температуры стенки 
 
 
 

 
 

Fig. 1. Diagram of the finned wall and the boundary  
of the calculation area 

 
Рис. 2. Схема оребренной стенки и границы расчетной области 

 
 
To solve equations (1) and (2), we used the method of 

total approximation with splitting the problem by spatial 
coordinates [10–15]. The temperature field in the volume 
of the wall ΔT(x, y) and with distribution α(Ts) has a mu-
tual influence on each other, since α(Ts) determines the 
amount of heat flow at the border of the finned surface 
with the heat transfer agent. Coordination of these distri-
butions occurs in the process of obtaining a steady solu-
tion to a non-stationary problem. 

The wall material was considered to be steel 
12X18N10T, which has a thermal conductivity coefficient 
λ =19 Вт/(м·К). The temperature of the heat transfer 
agent in contact with the upper finned surface was set 
constant and equal to 50 °C, on the lower surface of the 

base its value was 60 °C. The value of the local heat 
transfer coefficient α was determined in accordance with 
the values of temperatures on the surface of the wall and 
the heat transfer agent. Fig. 3 shows the temperature field 
for the following geometric parameters of the finned 
walls: fin thickness 1.5 mm, fin height 2.5 mm,  
wall thickness 1.6 mm, the distance between the fins  
b = 1.3 мм. The calculation was performed for half of a 
periodically repeated fragment of the finned wall, so the 
size of the base in the x direction is 1.4 mm in the figure. 
The temperature values for the corresponding isolines are 
given in degrees Celsius. At the base of the wall, the tem-
perature gradient is observed in the y direction, and there 
are practically no temperature gradients in the x direction. 
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The fin has a temperature gradient in both directions. In 
this case, the temperature distributions of the lower sur-
faces of the base and fin are close to uniform, so it is le-
gitimate to use simplified calculation models that assume 
uniformity of temperature. 

A change in geometric parameters affects the nature of 
the temperature field. Fig. 4 shows the calculation results 
with decreasing thickness of the fin (0.7 mm) and the wall 
(0.5 mm), while the height of the fin and the width of the 
base did not change.  

 
 

 
 

Fig. 3. Temperature field of the finned wall with  
the thickness of the fin 1.5 mm and the wall 1.6 mm  

 
Рис. 3. Температурное поле оребренной стенки 
при толщинах ребра 1,5 мм и стенки 1,6 мм 

 
 
 

 
 

Fig. 4. Temperature field of the finned wall with the thickness  
of the fin 0.7 mm and the wall 0.5 mm  

 
Рис. 4. Температурное поле оребренной стенки  
при толщинах ребра 0,7 мм и стенки 0,5 мм  
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At the base of the wall, the temperature field is sub-
stantially inhomogeneous already in both directions; in a 
thinner fin, an increase in the temperature difference in 
height is accompanied by a decrease in the transverse 
direction. 

The heat transfer coefficient of the finned wall. The 
heat transfer coefficient k is an important integral charac-
teristic of the heat transfer process of a finned wall with a 
heat transfer agent. Of greatest interest are the heat trans-
fer characteristics in the volume of the wall and on the 
upper finned surface, therefore, we define the value of k 
as the ratio of the transmitted heat power to the tempera-
ture difference of the heat transfer agent Th and the lower 
smooth surface of the wall, as well as to the area of this 
surface. The total heat flux transferred by the wall to the 
heat transfer agent was calculated on the basis of solving 
the heat conduction problem from the temperature distri-
butions of the upper finned surface Ts and the local heat 
transfer coefficient α using the formula α(Ts – Th). The 
heat flux was calculated in two model approximations. In 
the first case, the local heat transfer coefficient was de-
termined taking into account its dependences on Ts and 
Th, which are shown in Fig. 1, in the second, the value of 
α had a constant value corresponding to the surface tem-
perature, i.e. the value α was set at Ts = Th. Comparison of 
the calculation results allows us to estimate the error in 
applying the simplified mathematical model, which does 
not take into account the heterogeneity of the distribution 
of the heat transfer coefficient α over the finned surface. 

When solving the problem of heat conduction on the 
lower surface of the wall base, an ideal heat supply was 
assumed, therefore, here the temperature was set with a 

uniform distribution and a value of T0. In the calculations, 
the value of T0 varied in the range of 30–70 °С; the tem-
perature of the heat transfer agent in contact with the  
upper finned surface was fixed and equal to Th = 20 °С. 
Fig. 5 shows the dependences k(T0) obtained using both 
considered model approximations. Lines 1 correspond to 
the wall configuration shown in fig. 3, lines 2 refer to the 
wall shown in Fig. 4. The horizontal lines were obtained 
as a result of calculations with a fixed local heat transfer 
coefficient α, which leads to the constancy of the values 
of k. Growing graphs were obtained in the calculations 
taking into account the temperature dependence α(Ts, Th). 

From the calculations of two model approximations, 
the dependences k(T0) were obtained, the difference be-
tween which increases with the growth of T0 (fig. 5). The 
relative magnitude of this difference is shown in fig. 6. 
The largest discrepancy is expected to correspond to con-
figuration 2, since higher temperature differences are set 
in the fin of smaller thickness, which ultimately leads to 
greater heterogeneity of the local heat transfer coefficient 
α over the finned surface.  

In general, for the considered wall configurations, the 
maximum deviation, which is the error of the simplified 
model, does not exceed 5 %. Such an error value for 
many practical calculations is quite acceptable and the  
use of a simplified model for the considered configura-
tions of the finned walls is justified. However, for other 
wall parameters and heat transfer agent properties, the 
discrepancy may be higher, therefore, in each case, the 
admissibility of the use of a simplified model requires 
justification and confirmation by evaluating the calcula-
tion error. 

 

 
 

Fig. 5. Dependence of the heat transfer coefficient  
on the wall base temperature 

 
Рис. 5. Зависимости коэффициента теплопередачи  

от температуры основания стенки 
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Fig. 6. Relative error in calculating the heat transfer coefficient  
in a simplified approximation 

 
Рис. 6. Относительная погрешность расчета коэффициента теплопередачи  

в упрощенном приближении 
 
 
Conclusion. Thus, the paper analyzes the heat transfer 

process in the finned wall of the heat exchanger. Based on 
the criteria relations, the temperature dependences of the 
local heat transfer coefficient α on a finned surface are 
obtained. The temperature field was calculated for two 
configurations of the finned wall, and the influence of the 
geometric parameters of the wall on the heterogeneity of 
the temperature distribution was estimated. The tempera-
ture dependences of the heat transfer coefficient are ob-
tained using two model approximations that differ in tak-
ing into account α, the relative error of the simplified ap-
proximation is determined, which does not take into ac-
count the temperature dependence of the local heat trans-
fer coefficient. 
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