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This study investigates the sequen-
tial and continuous formation of 
thermal fields in the main fairing of  
a launch vehicle when using protec-
tive screens. While thermostating, it 
is necessary to predict the risk in over-
heating the payload body and, if nec-
essary, take measures to reduce the 
temperature near the payload. 

An engineering solution to this 
problem can be found through the 
use of protective screens of various 
configurations inside the main fair-
ing. These screens reduce the heat 
flow from the heated outer wall of 
the fairing to the payload surface. 
However, there are no standard 
methods for solving this problem. 

To evaluate the effectiveness of 
this protection, a numerical model 
based on the fundamental equations 
of continuum mechanics has been 
constructed. The modeling equations 
include the energy equation and the 
equation of motion of a non-vis-
cous gas. Using the numerical model 
built, a computational experiment 
was conducted, which confirmed 
the effectiveness of using protective 
screens to shield the payload body 
from excessive heating. The comput-
er time required to perform the com-
putational experiment is 3 seconds. 
This makes it possible to perform  
a significant number of calculations 
in a working day. 

The proposed simple technical 
means for protecting the payload 
from excessive heating could be used 
in the design of new models for rock-
et technology. Applying these screens 
slightly reduces the need for large 
volumes of clean air. The numerical 
model built could be used at special-
ized organizations at the "for-sketch" 
design stage. Numerical experiments 
have shown that the use of protec-
tive screens inside the main fairing 
makes it possible to achieve a tem-
perature 2–4°C lower than the max-
imum permissible temperature near 
the payload
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1. Introduction

Inside the main fairing of a launch vehicle, at the stage of 
pre-launch preparation, a microclimate is created to provide 

the necessary conditions for the payload. One of the main 
tasks is to ensure a certain temperature regime inside the 
fairing during forced air supply to it [1]. In this case, there is 
a need to induce a certain temperature field near the sensitive  
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surfaces of the payload (these are antennas, repeaters, nav-
igation sensors, solar panels, and optical devices). Some 
elements, such as batteries, must be in the temperature range 
from 0°С to 20°С [2]. At the same time, it is very often nec-
essary to take into account the complex layout of spacecraft 
inside the main fairing. For example, the layout, according 
to the "tandem" scheme, is typical for launching groups of 
spacecraft (Fig. 1).

 
Fig. 1. Main fairing layout with tandem spacecraft 

arrangement (NewGlenn) [3]

When predicting temperature fields inside the main fair-
ing, it is necessary to take into account the temperature of 
its outer walls. The wall of the main fairing is a thin-walled 
structure, prone to various hazards during pre-launch oper-
ations [4, 5]. The temperature on the outside of the fairing 
can vary in a wide temperature range from +40°C to –40°C 
as spaceports are located in different climatic zones. This 
temperature has a direct impact on the formation of the tem-
perature regime inside the fairing, as well as near the sensitive 
surfaces of the payload.

Different approaches are used to predict temperature 
fields inside the fairing and ensure the desired temperature 
regime [6]. Uniform air supply of a certain temperature is not 
always effective, from the point of view of the formation of 
certain air velocities between the fairing and the spacecraft. 
To enable the desired temperature regime, it is possible to use 
a heat-screening coating both outside the fairing and inside 
the fairing. The device is a rigid cylindrical shell with special 
drainage holes. This is reflected in special, so-called "consumer 
guides", in which rocket manufacturers describe in detail all 
the conditions that are specially created only to meet the re-
quirements for ensuring the operability of the spacecraft [7–9]. 
The principle of tandem arrangement of spacecraft is currently 
offered in the launch services of the Ariane 6 and NewGlenn 
launch vehicles. Such a separate arrangement of two space-
craft is provided by a special cylindrical device. However, this 
approach leads to an increase in the "non-usable" mass of the 
vehicle. Thus, the current task is to devise means that con-
tribute to the formation of the necessary temperature regimes 
near the payload and do not lead to a significant increase in the 
mass of the payload or an increase in energy to maintain the 
required temperature value near sensitive surfaces.

Inducing a microclimate for the spacecraft at the stages 
of pre-launch preparation is mandatory. Given the fact that 

spacecraft are constantly evolving in their complexity, this is a 
relevant area of scientific research.

2. Literature review and problem statement

In [10], the process of forced convection in a rectangular 
housing with a constant heat source is studied. Heat-generating 
components that dissipate a heat flux of no more than 350 W/m2  
were modeled in the volume. The air volume was forcibly 
blown by an air flow that ensured interaction with heated 
surfaces. The studies were conducted using the commercial 
software Fluent©. It was shown that the fan flow rate plays an 
important role in cooling the housing, as well as the location of 
the holes. Comparison of the Nusselt numbers related to hous-
ings with different locations of holes provides invaluable infor-
mation when designing the optimal layout of the installation. 
The paper very well shows the relevance of research work on 
finding design solutions to the problems of distributing thermal 
fields in a closed volume during forced ventilation. There are 
still unsolved tasks on finding design solutions to problems in  
a cylindrical body with a constant heat source.

In [11], an experimental study is conducted with model-
ing of forced convection. The work reports a classic version of 
the study – heating and cooling of a copper plate. The purpose 
of the experimental study was to investigate the characteristic 
cooling time depending on the average air flow velocity. It is 
noted that the most important variable for the cooling time is 
the plate thickness. Experimental dependences of the plate 
cooling process were obtained. On their basis, empirical func-
tions were determined to describe the plate cooling process. 
These studies are the so-called reference experiments on the 
heating and cooling process. Owing to these experiments, we 
have empirical functions that make it possible to conduct ap-
plied research. The cited work does not study the interaction 
of gas-dynamic vortices and stagnant zones, which signifi-
cantly affect the cooling or heating time of the surface.

In [12], an experimental study was conducted to de-
termine the influence of the axial fan speed, outlet height, 
position, area, and aspect ratio of the ventilated housing on 
convection heat transfer. A closed volume with a heating ele-
ment inside was modeled. Forced ventilation was performed 
to assess the influence of air velocity on heat transfer. Flow 
velocities were limited to 4 m/s, which is the speed limit near 
the surfaces under study. Different positions of the air outlet 
were modeled at different flow velocities. The experiment 
was performed for different housing aspect ratios at constant 
heat source power. The authors conclude that the tempera-
ture increase is small in dependence on the outlet area with  
a sufficiently large spread of the Nusselt number for given 
flow velocities. Not taken into account in the work is the pres-
ence of the so-called "aerodynamic shadow zones" or zones 
with increased flow velocity. This is always observed with 
forced ventilation. Not taking into account the influence of 
these zones is a certain drawback of the cited paper.

In [13], a new type of air cooling system with small dimen-
sions and flexible layout is proposed, namely micro air ducts 
with pinhole-sized ventilation holes. The air cooling system is 
numerically modeled using ANSYS Fluent CFD software. Part 
of the thermal control system of the space scientific payload 
is designed. For that multifunctional experimental platform, 
"rigorous" requirements for the environmental temperature 
index for various experimental modules inside are defined. 
Numerical simulation of the internal airflow confirmed that, 
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compared with the conventional method, the temperature 
field and flow field of the new air cooling method are more 
uniform, and heat sources located at the edge of the rack can 
also be cooled better. The disadvantage is that the results are 
obtained for pinholes. Such holes form a directed air flow onto 
the surface to be cooled.

In [14], temperature and velocity fields in the air vol-
ume of the main fairing were obtained, taking into account 
the placement of the spacecraft in it. For this purpose, the 
forced ventilation process was simulated in the ANSYS CFD 
environment. A number of safety measures were proposed, 
in particular, the regulation of the air conditioning interface 
inside the fairing partition. The use of parallel air condi-
tioning units was simulated. Special tests proved that the 
complex of safety measures taken is effective. The designed 
flow velocity distribution system has become decisive in 
the efficiency of heat removal from heat-emitting surfaces. 
The work uses the well-known and high-quality ANSYS 
software product. The disadvantage of its use is the depen-
dence on a large amount of time for calculating one option. 
It is also necessary to take into account the requirements 
for computer power. These two features are crucial when 
organizing work at the design stages.

In [15], a simulation of the flow velocity and thermal fields 
for a spacecraft placed in the air volume of the main fairing 
was carried out. A high-speed numerical model was built to 
predict thermal fields in the main fairing of a launch vehicle 
during its forced ventilation. The proposed numerical model 
makes it possible to take into account the main physical factors 
that affect the air velocity in the main fairing during forced 
ventilation. The developed computer program allows for com-
putational calculations in a short time. The disadvantage of the 
numerical model is that it models only the influence of the fair-
ing walls and the surfaces of spacecraft that are thermostated.

Our review of the related literature demonstrates that the 
relevance of research into heat and mass transfer processes 
applies both to them [11] and to practical tasks [10, 12–15]. 
All this allows us to assert that the processes of forced ventila-
tion of spacecraft do not yet have a single optimal qualitative 
solution in general.

An effective solution to this problem is likely the use of 
special screens that affect the formation of thermal fields. 
However, the use of such an approach requires the presence 
of a numerical model, which makes it possible at the deci-
sion-making stage to assess the effectiveness of this method 
for regulating temperature fields inside the fairing. The im-
portance of building a numerical model relates to the fact 
that the customer of payload prohibits measuring the tem-
perature field in the main fairing. Therefore, the only method 
for assessing the effectiveness of screens on the formation of 
thermal fields near the payload is mathematical modeling. 
There is no constructed numerical model of spacecraft forced 
ventilation in the volume of the main fairing, taking into ac-
count protective structures.

3. The aim and objectives of the study

The purpose of our study is to build a mathematical model 
of heat transfer, which makes it possible to determine the ef-
fect of screens on reducing the temperature near the sensitive 
surfaces of the payload in the main fairing. Determining this 
effect makes it possible to assess the effectiveness of screens 
for protecting the payload from excessive overheating.

To achieve the goal, the following tasks were set:
– to break down a numerical model for calculating the air 

flow velocity field in the main fairing of the launch vehicle at 
the pre-launch preparation stage;

– to construct a numerical model for calculating the tem-
perature field in the main fairing of the launch vehicle at the 
pre-launch preparation stage; 

– to conduct computational experiments based on the 
numerical models built to study the effectiveness of using 
screens to protect against heating of sensitive surfaces of the 
payload in the main fairing.

4. The study materials and methods

The object of our study is the consistent and continuous 
formation of thermal fields in the main fairing of a launch 
vehicle when using protective screens.

The working hypothesis assumes that the location of 
a  protective screen inside the main fairing makes it possible 
to change the thermal regime in it and protect special surfaces 
of the payload from overheating. The location of the payload 
according to the "tandem" scheme inside the fairing is under 
consideration (Fig. 2).

 

Fig. 2. Tandem payload arrangement in the main fairing: 	
1 – main fairing; 2 – protective screen; 	

3, 4 – payload

Within the framework of our working hypothesis, several 
engineering solutions are considered:

– scenario #1 – no protective screen in the fairing (basic 
version, Fig. 3);

– scenario #2 – long screen (Fig. 2, 4);
– scenario #3 – two short screens (Fig. 5);
– scenario #4 – two short screens + air blowing inside the 

fairing (Fig. 4).
To test the working hypothesis, a computational exper-

iment was conducted based on the numerical models built. 
When constructing numerical models, the following assump-
tions were adopted: 

– air viscosity does not affect the aerodynamics inside the 
fairing, only the diagonal components of the temperature 
transfer coefficient tensor are taken into account; 

– the flow motion is vortex-free.
Theoretical study of thermal regime inside the main 

fairing with a protective screen is carried out by numerical 
integration of the modeling equations of energy and aerody-
namics using the finite difference method.
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Fig. 3. Layout of the payload inside 	
the fairing (no screen, scenario #1): 1 – fairing; 	

2, 3 – payload; 4 – adapter (ABCD – estimated area)

Fig. 4. Layout of a long screen inside 	
the fairing (scenario #2): 1 – fairing; 2 – screen; 	

3, 4 – payload; 5 – adapter (ABCD – estimated area)

Fig. 5. Layout of short screens inside 	
the fairing (scenario #3 and scenario #4): 1 – fairing; 	

2, 3 – short screen; 4, 5 – payload; 6 – air injection 	
location (ABCD – estimated area)

Our proprietary software is used for numerical modeling: 
the computer program "START", developed in the FORTRAN 
programming environment.

5. Results of the study on constructing a mathematical 
model of the thermal regime inside the main fairing  

of a launch vehicle

5. 1. Construction of a two-dimensional numerical 
model for calculating the flow velocity field in the main 
fairing

Below is the procedure for building a numerical model 
to determine the flow velocity field in the main fairing at the 
stage of its thermostating. The scheme of the estimated area 
is shown in Fig. 3–5.

The estimated area in the main fairing is marked by the 
boundary ABCD, Fig. 3–5. To calculate the velocity field in the 
main fairing during its thermostating, the inviscid vortex-free 
flow model is used 
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where P is the velocity potential.
Boundary conditions for the aerodynamic equation are as 

follows:
– at the boundary A‒B – the air flow enters the fairing at ve-

locity U; the boundary condition takes the form ¶P/¶x = U. When 
conducting a computational experiment, U = const is assumed;

– at the air flow exit boundary: P = P0 + const, where P0 is  
an arbitrary constant. When performing the calculation, P = 1000 
is assumed;

– at solid boundaries: ¶P/¶n = 0, n is the unit vector of the 
external normal to the boundary.

If the velocity potential field is known, then the compo-
nents of the air flow velocity vector are determined as follows
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Numerical integration of equation (1) is carried out on 
a rectangular difference grid.

In advance, the Laplace equation (1) is reduced to the 
following form
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where t – fictitious time.
For numerical integration of equation (3), a two-step 

scheme for splitting the total approximation is performed. 
This scheme is as follows:

– step I
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Thus, to determine the field of function P (velocity poten-
tial), it is necessary to sequentially solve equations (4) and (5) 
in each difference cell (control element). The solving proce-
dure ends when the condition is satisfied
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where ε is a small number (it is assumed that ε = 0.001); n is the  
iteration number.

After calculating the velocity potential field, the compo-
nents of the air flow velocity vector are calculated based on the 
following dependences
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The software implementation of the considered numerical 
model was performed in the Fortran environment. 

5. 2. Construction of a numerical model for calculat-
ing the temperature field

To predict the thermal fields inside the fairing of a launch 
vehicle, at the stage of pre-launch preparation, the following 
energy equation is used
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where T is the air temperature, °С; ax, ay are the thermal 
diffusivity coefficients, m2/s; u, v are the components of the 
air velocity vector, m/s; (xi, yi) are Cartesian coordinates, m; 
t is time, s.

Boundary conditions for the energy equation (calculated 
area ABCD, Fig. 3–5) are as follows:

1) at the entrance to the calculated area: T|AB = Tentrance, 
where Tentrance is the known air temperature forced into the 
fairing (boundary AB);

2) at the flow exit boundary from the calculated area 
(zone D and zone C, Fig. 3–5): � � �T n 0, where n  is the unit 
normal vector to the boundary;

3) on solid surfaces: � � �T n 0, where n  is the unit normal 
vector to the boundary;

4) on the sides of the fairing: T = const.
Initial condition: Tt = 0 = T0, where T0 is the known tem-

perature for time t = 0.
To build this numerical model, the following transforma-

tions are performed for the derivatives from equation (7):
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Next, the following approximation of derivatives is per-
formed:
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The differential splitting scheme for numerical integration 
of equation (7) is written as:

– the first splitting step k n� �1 4,  c = n
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– in the third step of the splitting, equation (19) is solved;
– in the fourth step of the splitting, equation (18) is solved.
Thus, the solution to equation (7) is based on the cyclic 

solution to difference equations (18), (19).

5. 3. Conducting computational experiments based 
on the constructed numerical models

Below are the results of solving the problem of determin-
ing the efficiency of using the screen based on the constructed 
numerical models. The task was to determine the temperature 
near the "sensitive" sides of the payload – this is the S–E line 
(line 3) and the K–E line (Fig. 3–5). According to the cus-
tomer’s conditions, the air temperature near these surfaces 
should not be more than 25°C. When conducting the com-
putational experiment, the calculated area had the following 
dimensions: length B–C – 4.99 m, width A-B – 4 m (Fig. 3–5).  
At the A‒B boundary, a uniform air flow with a speed 
U = 2 m/s was set, and the fairing body temperature was 40°C. 
If additional air is injected into the fairing (Fig. 5), then the 
velocity of the injected air flow is U = 2 m/s, the temperature 
of the injected air flow is 25°C.

Fig. 6 shows the temperature field in the main fairing for 
the first scenario (no protective screen), when the tempera-
ture of the injected air is 25°C.

Fig. 6 demonstrates that the air temperature near the sen-
sitive surfaces of the payload is in the range of 28–30°C. Thus, 
the customer’s conditions are not met. Fig. 7 shows in more de-
tail how the temperature value changes along the sensitive sur-
faces. Hereafter, the value x = 0 corresponds to point S (plot 1)  
and point K (plot 2).

Fig. 7 demonstrates that the highest temperature occurs 
near the corner points S and K; this temperature is on the order 
of 30–31°C. Thus, there is a violation of the customer’s condi-
tions, which requires a change in the temperature regime inside 
the fairing. As a first step towards solving this problem, it makes 
sense to investigate how the temperature regime changes when 
air with a lower temperature is supplied inside the fairing. 
Fig. 8 shows the temperature field inside the fairing if the 
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temperature of the air being blown is 15°C (boundary A–B 
Fig. 3), i.e., 10°C less than in the previous version.

 
Fig. 6. Temperature field in the fairing in the absence 	

of a screen, inlet air temperature is 25°C (scenario No. 1)

 
Fig. 7. Temperature near sensitive surfaces (scenario #1), 

inlet air temperature is 25°C: 1 – S –E surface; 	
2 – K–E surface

 
Fig. 8. Temperature field in the fairing in the absence 	

of a screen, air temperature of the air blown 	
in is 15°C (scenario No. 1)

Analysis of the data presented in Fig. 8 reveals that a de-
crease in the temperature of the air blown by 10°C did not 
lead to a significant change in the temperature distribution 
near the sensitive surfaces of the payload. This can be seen in 
more detail in Fig. 9, which shows the temperature distribu-
tion along the sensitive surfaces.

 
Fig. 9. Temperature near sensitive surfaces (scenario No. 1) 
temperature of the air blown in is 15°C: 1 – surface S–E; 

2 – surface K–E

Fig. 9 demonstrates that the injection of air with a lower 
temperature did not affect the temperature reduction near the 
sensitive surfaces.

Thus, another approach is proposed to reduce the tem-
perature near the sensitive surfaces of the payload – the use of 
a protective screen. The first stage of our study considers the 
use of a long screen (Fig. 4). Fig. 10 shows the temperature 
field in the main fairing for this scenario, when the tempera-
ture of the injected air is 25°C, the screen is located at a length 
of 20 cm from the surface of the payload.

Fig. 11 shows how the temperature value changes along 
the sensitive surfaces for this scenario.

 
Fig. 10. Temperature field in the fairing with a long screen, 

inlet air temperature is 25°C (scenario No. 2)

 
Fig. 11. Temperature near sensitive surfaces (scenario #2): 

1 – surface S–E ; 2 – surface K–E
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Fig. 11 demonstrates that the use of a long screen makes 
it possible to provide the desired temperature value near the 
sensitive surfaces near the sensitive surfaces of the payload.

Fig. 12 shows the temperature field in the main fairing for 
the third scenario, when the temperature of the air blown is 
25°C and two short screens are used at a length of 20 cm from 
the payload surface (blow at the boundary A‒B, Fig. 5).

Fig. 13 shows how the temperature value changes along 
the sensitive surfaces for scenario No. 3.

 
Fig. 12. Temperature field in the fairing 	

with two short screens, inlet air temperature 	
is 25°C (scenario No. 3)

 
Fig. 13. Temperatures along sensitive surfaces 	

for scenario No. 3: 1 – S–E surface; 	
2 – K–E surface

The results shown in Fig. 12, 13 demonstrate that the 
use of two short screens makes it possible to reduce the tem-
peratures to a range that meets the customer’s conditions. 
It should be noted that the use of two short screens makes 
it possible to reduce the "non-usable" mass of the protective 
agent (screen) inside the fairing, which is very important for 
the tasks of this class.

Fig. 14 shows the temperature field in the main fairing for 
the fourth scenario, when the temperature of the air blown 
is 25°C (border A‒B, Fig. 5), two short screens are used at  
a length of 20 cm from the surface of the payload and there 
is an additional lateral air blow with a temperature of 25°C.

Fig. 15 shows how the temperature value changes along 
the sensitive surfaces for scenario #4.

Fig. 14, 15 show that the use of two short screens + blow-
ing also makes it possible to reduce temperatures to a range 
that meets the customer’s conditions.

 
Fig. 14. Temperature field in the fairing in the presence 	

of two short screens + blowing, blowing air temperature 	
is 25°C (scenario #4)

 
Fig. 15. Temperatures along sensitive surfaces 	

for scenario #4: 1 – surface S–E; 2 – surface K–E

It should be noted that the calculation time of each sce-
nario is 2 s.

6. Research on the construction of a numerical model 
for estimating air temperature in the main fairing  

of a launch vehicle: results and summary

The numerical model for solving the aerodynamic prob-
lem uses explicit difference formulas (4), (5) to determine the 
velocity potential field. This makes it possible to carry out its 
simple software implementation for calculations in areas of 
complex geometric shape (Fig. 3–5).

The numerical model, built for calculating the tempera-
ture field in the main fairing, is based on the split energy 
equation. Using this splitting makes it possible to derive 
explicit formulas (18), (19) to determine the temperature in 
the main fairing. Using such splitting, the software implemen-
tation of equations (18) and (19) is significantly simplified.

The results of our computational experiment show a sig-
nificant influence of the screen on the formation of the tem-
perature field inside the fairing. Using the screen makes it 
possible to reduce the temperature near the sensitive surfaces 
of the payload, but the pattern of temperature distribution 
near these surfaces is different for a long screen and two short 
screens. Thus, for a long screen (Fig. 10, 11), the tempera-
ture decreases along the first sensitive surface and gradually 
increases along the second sensitive surface, but, near both 
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surfaces, the temperature is within the limits formulated by 
the customer – no more than 25°C. But when using two short 
screens, on the contrary, the temperature gradually increases 
along the first sensitive surface and decreases along the sec-
ond sensitive surface (Fig. 12, 13); for this scenario, the tem-
perature is also within the limits formulated by the customer. 
The same pattern occurs when using two short screens + ad-
ditional air supply (Fig. 14, 15). This can be explained by the 
fact that the "geometric" influence (the presence of screens) 
on the temperature field prevails over the "mass" influence – 
additional air supply to the fairing. This result should be 
expected since the blow takes place in a significantly limited 
space of the fairing and in the presence of a number of obsta-
cles in this space (screens, payload body).

It is necessary to emphasize the peculiarity of the pro-
posed mathematical model – the speed of calculation of the 
temperature field on low and medium power computers. 
The speed of computer calculation is based on the use of the 
model of potential air motion for solving the aerodynamic 
problem. If the Navier-Stokes model is used for solving the 
aerodynamic problem (for example, the ANSYS program 
package [13, 14]), then several hours of computer time are 
required to determine the temperature field. The use of the 
proposed model makes it possible, in practice, to carry out 
a series of calculations in a short time, which is especially 
important at the "fore-sketch" stage of design work, when var-
ious options for technical solutions to reduce the temperature 
near the surfaces of the payload are considered.

As a limitation of our results, it should be noted that they 
could be used only for the CYCLONE – IV launch vehicle.

The disadvantage of the proposed mathematical model 
of heat transfer in the fairing is that the model does not take 
into account the influence of the viscosity of the air flow 
when solving the problem of flow around the payload. With 
this approach, it is impossible to determine the influence of 
the boundary layer on the formation of air temperature near 
the solid surface of the payload. It should be noted that the 
construction of a mathematical model that would take into 
account the influence of the boundary layer on the formation 
of temperature requires the integration of additional equa-
tions of continuum mechanics, which significantly increases 
the calculation time on the computer.

Further advancement of our model involves the design 
of an aerodynamics module that could allow us to calculate 
the flow velocity field based on the three-dimensional Navier- 
Stokes equations.

7. Conclusions

1. We have constructed a numerical model of aerody-
namics inside the main fairing at the stage of its pre-launch 
preparation. The velocity field is determined by numerical 
integration of the equation for the velocity potential. The 

aerodynamics numerical model built makes it possible to take 
into account the presence of a protective screen inside the 
main fairing, as well as an additional, lateral air blow inside 
the fairing. An important feature of the constructed numeri-
cal model of aerodynamics is the ability to take into account 
the complex geometric shape of the payload when conducting 
a computational experiment, in particular, when arranging it 
according to the "tandem" scheme.

2. A numerical model has been constructed for the analy
sis of air temperature fields inside the main fairing during 
its thermostating, which takes into account the geometric 
shape of the payload, the location and intensity of the air 
blow inside the fairing, the location and dimensions of the 
protective screen.

3. Our computational experiments have shown that 
the most rational engineering solution to reduce tempera-
ture near the sensitive surfaces of a payload is to use two  
short screens.
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