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New Concept of Space Radiator with 
Variable Emittance  
 A new concept of space radiator of variable emittance for satellite thermal control is 
presented. The radiator is composed of two stages which exchange heat through radiation 
between finned surfaces covered with variable emittance coatings, whose emissivity is 
increased with temperature. Under cold conditions the radiative heat coupling between the 
stages is minimal, preventing the equipment subcooling, while in hot conditions the heat 
exchange is increased. A steady-state mathematical model was developed and numerically 
coupled to an optimization algorithm, and a design optimization procedure was 
performed. Two optimization criteria were employed: minimization of the radiator mass 
and the power consumption of heater under cold conditions. The Generalized Extremal 
Optimization algorithm was used as the optimization tool. The design was then modeled in 
detail using the SINDA/Fluint package considering orbital conditions of the EQUARS 
satellite. The performance of the radiator concept proposed here was also compared to a 
conventional design, for the same operational conditions. It is envisioned that the 
utilization of such radiators in micro-satellites will lead to considerable electric power 
savings for safe heaters and may contribute to a longer satellite life. In the design trade-
off, the cost for this saving is additional radiator mass and volume. 
Keywords: space radiator, variable emittance coating, optimal design, mathematical 
model, Generalized Extremal Optimization 
 
 
 
 
 

Introduction 
1The temperature of satellite components (equipment, structure 

elements, etc) is defined completely by the equilibrium between 
internal heat dissipation and external heat fluxes. For non-
dissipating external components exposed to Space, such as Multi-
Layer Insulation blankets (MLIs) and antennas, their temperatures 
may vary in the range from about -150oC up to +150oC. However, 
for the electronic equipment and structure, the temperatures must be 
maintained within a range typically from -10 to +40oC. (Gilmore, 
2002) A common design approach in satellite thermal control is to 
thermally insulate most of its external surfaces, while allowing 
certain areas (radiate windows or radiators) to reject heat to Space. 
The usual method in designing the radiator is to size it to 
accommodate a combination of maximum internal heat loads and 
external fluxes, defined as the Hot Case (HC). Then, it is verified if 
this radiator area can also accommodate the Cold Case (CC), when 
the satellite is subjected to the lowest external heat flux and reduced 
equipment dissipation. If a radiator size leads to a temperature in the 
equipment, during the CC, below its minimum required limit, 
heaters are usually used to warm up the equipment. Although being 
a simple and efficient solution to overcome low temperatures in the 
Cold Case, heaters consume electrical power, which is a limited 
resource in any spacecraft. In fact, they can consume from 10 to 
40% of the total electrical power budget when the satellite is in cold 
conditions.  

When the power budget is limited, other types of thermal 
control devices instead of heaters can be used in order to cope with 
the CC low temperatures, such as thermal louvers (Karan, 1998; 
Parisoto et al., 1996, Muraoka et al., 2001) or a radiator with 
variable conductance heat pipes (Fleischman et al., 1978,). These 
devices save power consumption, but add mass and increase the 
complexity of the thermal control subsystem. Hence, there is a 
trade-off between power consumption and mass, as well as 
reliability that must be taken into account when selecting a thermal 
control device for a given satellite. 

Recently, a new solid state technology that changes its surface 
emmitance as a function of temperature was developed (Tachikawa 
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et al., 2000, 2001 and 2003; Shimakawa et al., 2002). The prototype 
is a ceramic thin plate, which uses the feature of the ferromagnetic 
metal-insulator transition effect that increases the emissivity with 
temperature rising. The effective emmitance variation of these 
devices is of the same order of the effective emittances obtained in 
radiators with thermal louvers, but it has the advantage of having no 
moving parts. On the other hand, they present a high absorptivity 
(above 0.80), what is an undesirable characteristic for any radiator 
because of effectiveness degradation when exposed to the Sun flux. 

In order to avoid the problem with the high absorptivity of the 
variable emissivity coating, a new concept for a space radiator was 
proposed (Vlassov et al., 2006b). Called VESPAR (Variable 
Emmitance SPAce Radiator), it takes the advantage of the variable 
emissivity, while keeping a low absorptivity for the entire assembly. 
The VESPAR is composed of two stages having internal extended 
fin surfaces for improving radiative heat transfer between them.  

The feasibility of the proposed concept was verified by 
numerical simulations using a simplified mathematical model 
describing the radiator operating in steady-state conditions (Vlassov 
et al., 2006b). This model was coupled to an optimization algorithm 
and a design optimization procedure performed. Two optimization 
criteria were employed: minimization of the radiator mass and also 
the power consumption of heaters. The dimensions of the radiator 
were the design variables. The performance of VESPAR was 
compared to a traditional design for the same operational conditions 
and the results showed that it may lead to a significant reduction on 
demand for heater power during the CC. The Generalized Extremal 
Optimization (GEO) (de Sousa et al., 2003) was used as the 
optimization algorithm. GEO is a recently proposed evolutionary 
algorithm devised to be applied to complex optimization problems 
and has been used successfully in aerospace applications.  

In this paper the thermal performance of the VESPAR concept 
is further investigated. Based on the optimal geometry found for the 
radiator, a detailed numerical model was built using the 
SINDA/FLUINT/Thermal Desktop thermal analysis software and 
numerical simulations performed for a planned space mission, the 
EQUARS satellite (Fonseca et al., 2004). The results of this detailed 
modeling confirmed the gain in satellite power saving when using 
VESPAR. The procedure used for the proof-of-concept of VESPAR 
is revised, the radiator’s mathematical model is presented, and 
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results for VESPAR performance on EQUARS mission are 
compared to a traditional radiator design.  

Nomenclature 

A  = Area, m2

B   = Width, m 
G  = Thermal conductance, W/K 
H  = Height of radiator fins, m 
k  = Thermal conductivity, W/K·m 
L  = Length, m 
M  = Mass, kg 
N  = Number of fins in radiator bottom plate 
Q   = Heat load, W 
Q = Heat flux, W/m2

T = Temperature, K 
w = Distance between fins of each plate, m 
V = Volume, m3

Greek Symbols 
α = Solar absorptivity 
δ  = Thickness, m 
ε    = Emissivity 
γ  = Mass per area unit, kg/m2

η  = Effectiveness 
ϕ  = Power requirement 
λ  = Relative importance criteria factor 
ρ  = Density, kg/m3

σ  = Stefan-Boltzmann constant, W/m2·K4

χ(.) = Heaviside step function 
Subscripts 
A Area 
eff Effective 
eq Equipment 
f Fin 
h Heater 
IR Infrared 
m Mass 
r Radiator 
s Solar 
w Wall 
v Variable emittance 
0 Conventional radiator 
1 Internal stage 
12 Between two stages 
2 External stage 

VESPAR Design Concept 

The proposed radiator consists of two similar finned parts 
(stages) as shown in Fig. 1. The stages are assembled in such a 
way that direct thermal contact by conduction is avoided or 
minimized by the use of insulation washers, and they exchange 
heat primarily by radiation. The internal radiator part receives heat 
dissipated from equipment through conduction, then, the heat is 
transferred to the external stage by radiation through the finned 
surfaces, and is rejected to space by the external surface of the 
upper stage. While the external radiator part has its outer surface 
covered with a solar-reflective coating, as is usual to conventional 
space radiators (Gilmore, 2002), the internal finned surfaces are 
covered with a variable emissivity material whose emissivity is 
increased as its temperature increases. Therefore, under cold 
conditions the radiative heat link between these surfaces is 
minimal, keeping a greater fraction of the equipment dissipated 

heat for its own warming. By such way the temperature of the 
equipment is prevented from decreasing too much. On the other 
hand, during hot conditions, the thermal coupling is increased 
between the variable emittance surfaces and a great fraction of the 
equipment dissipated heat is transferred to the external stage and 
then rejected to space. By such way the temperature of the 
equipment is kept below its maximum limit.  
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hQ
eqQ

2rT
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Equipment

Heater

External stage
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Fins

 
 

 
Figure 1. Two stage radiator assembly. 

 
With such a two-stage concept, the intrinsic high solar 

absorptivity of the variable emittance coating is not an issue 
anymore: the Sun heat flux does not enter the interior of the radiator, 
and the external surface of the upper stage is covered with a 
conventional solar reflector coating, with low absorptivity. 
Moreover, with the use of VESPAR there is an increase on the area 
available to radiate heat to space. In the HC, this increases the 
ability of the radiator to reject heat to space.  

Analytical Thermal Model for Optimal Design 

In order to verify the efficiency of the proposed radiator concept 
and obtain the optimal design parameters, it was considered an 
application where the radiator is mounted on the outer side of a 
satellite structural panel, and the equipment box is installed on the 
internal side of the panel, as shown in Fig. 1. They are thermally 
coupled through the panel. All surfaces but the radiator are covered 
with multilayer insulation blankets (MLIs), and a heater is attached 
to the equipment. Such configuration is typical for 3-axis stabilized 
micro satellites, like the Brazilian Equars or SSR1 (Kono et al., 
2003), and also similar to the one adopted for the thermal control of 
the battery compartment of the China-Brazil Earth Resources 
Satellite (Lino et al., 2000). 

For the definition of the main dimensions of radiator elements 
through an optimal design approach, a computationally inexpensive 
analytical heat transfer model of the system was adopted and 
integrated to the optimization tool. The main assumptions used in 
the model were:  

• The radiator operates in steady state mode. 
• The radiator base plate is a square ( BL = , see Fig. 1). 
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• The heat conduction in the panel’s XY plane is neglected.  
• Lateral surfaces of the external stage, which are situated 

perpendicular to the fins, are not considered in the internal 
radiative heat transfer (conservative approach).  

• Conductive heat leak from the upper stage to the panel 
through elements of fixation is neglected. 

• Temperature distributions over the internal fins are 
accounted through effectiveness coefficients and average 
temperatures. 

For the hot case the heat transfer from the equipment to the 
radiator internal stage is described by 

 
)TT(GQ max,rmax,eqeqmax,eq 1−=  (1) 

 
Heat transfer from the radiator internal stage to the external one 

is given by 
 

)TT(A)T,T(Q max,rmax,rmax,rmax,rmax,eq
4
2

4
1122112 −= σε  (2) 

 
The heat exchange between the external radiator surface and the 

outer environment is given by  
 

( )maxIRmaxsmax,rffmax,eq qqT)LHL(Q εαεση −−+= 4
22

2 2  (3) 
 

where ηf2 accounts for the fin effect due to the lateral edges of the 
radiator’s second stage, whose expression will be introduced later in 
the text. 

The unknown temperatures of the radiator for the hot case 

{ } are obtained by numerically solving 

the set of equations 1-3 using the secant method. 
max,2max,1max, ,, rreq TTT

For cold conditions, the heater dissipation is added to the 
equilibrium equations: 

 
)TT(GQQ min,rmin,eqeqhmin,eq 1−=+  (4) 

 

)TT(A)T,T(QQ min,rmin,rmin,rmin,rhmin,eq
4
2

4
1122112 −=+ σε  (5) 

 

( )minIRminsmin,rffhmin,eq qqT)LHL(QQ εαεση −−+=+ 4
22

2 2  (6) 
 
Equations (4)-(6) are first solved for unknowns 

{ }, having Qmin,rmin,rmin,eq T,T,T 21 h = 0. If the obtained minimal 

temperature of equipment has dropped below the allowable low 
limit, i.e., , it means that extra heating is needed and 
the heater should be turned on. To obtain the power needed to keep 
the equipment temperature above its low limit, in Eq. (4), the 
equipment temperature is fixed on this limit, 

minmin,eq TT <

minmin,eq TT = , and 
equations 4-6 are solved again, this time for unknowns 
{ }. min,rmin,rh T,T,Q 21

The total average effective area of radiative heat transfer 
between the radiator stages can be expressed as 

 
LHNLHNL))N(L(A ffffffff 2112 12 ηηδ +++−=  (7) 

 
Here Nf is the number of fins on the internal stage (bottom plate 

in Fig. 1). The effective emissivity inside each individual enclosure 
can be approximately evaluated by the relationship for radiative heat 
transfer between two gray plates, each of them with homogeneous 
temperature (Isachenko and Sukomel, 2000): 
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The fins efficiency is expressed by the analytical solutions of 

heat conduction problem for a fin with radiative heat transfer 
boundaries (Isachenko and Sukomel, 2000). 
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The internal surfaces of the radiator are covered with the coating 

of variable emissivity, having the temperature-dependent 
performance curve, as presented by Tachikawa et al. (2000). The 
emissivity as a function of temperature has been approximated by 
the Boltzmann model in the temperature range 150-350 K: 
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The best curve fitting parameters are ε1 = 0.24052, ε2 = 0.62165, 

T0 = 261.10302 K, ΔT = 18.29369 K. 
The mass of the radiator is obtained by  

 
( )

( ) 12
2

2

12 ALH)N(LHL

LHNLM

Afffffr

fffrt

γδδδρ

δδρ

+−++

++=
 (11) 

 
The last term in Eq. (11) is the total mass of the variable 

emittance coating, which depends on the total surface area involved 
in the internal radiative heat transfer.  

For comparison purposes, a conventional radiator is 
dimensioned for the same assembly configuration and operation 
conditions imposed to the two-stage radiator proposed here. The 
conventional radiator is a square flat plate of length L0 and with the 
same thickness δr of the VESPAR base plate. Its coating is the same 
as the one in the outer surface of the two-stage radiator. The length 
L0 of the conventional radiator is determined from the requirement 
to keep the equipment temperature within its operational range. 
Hence, a heater is also turned on if the equipment temperature falls 
below the lower limit ( ), dissipating . minT 0hQ

The minimum heater power  of the conventional radiator, 
necessary to drive up the equipment temperature to a level above the 
minimum value required ( ) can be obtained by solving the 

following equations with respect to the unknowns { }: 

0hQ

minT

min,00 , rh TQ
 

)TT(GQQ min,rmineqhmin,eq 00 −=+  (12) 
 

( )minIRminsmin,rhmin,eq qqTLQQ εαεσ −−=+ 4
0

2
00  (13) 

 
The total mass of the conventional radiator is given by 
 

( )rt LM δρ 2
00 =  (14) 

 
The values  and  are used in the definition of the 

optimization criteria. More details on the model can be found in 
(Vlassov et al., 2006b). 

0hQ 0tM
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For the present analysis the multi-objective problem 
(minimization of heater power and radiator mass) was transformed 
into a mono-objective problem by the weight penalty method 
(Vanderplaats, 1998), and the objective function then defined as:   

Algorithm Optimization Criteria, Design Variables and 
Fixed Parameters 

A recently developed global search evolutionary algorithm, 
called Generalized Extremal Optimization (GEO), is used as the 
optimization tool. The GEO algorithm was developed to be applied 
to complex optimization problems. It is based on the Extremal 
Optimization (EO) method proposed by Boettcher and Percus 
(2001) that was inspired by the simplified evolutionary model of 
Bak and Sneppen (1993). Belonging to the general class of 
stochastic methods, GEO can deal with any kind of design variables 
either continuous, integer, discrete or a combination of them. Not 
depending on derivatives of the objective function or constraints, it 
can be applied to highly nonlinear problems that present a 
multimodal, or even disjoint, design space. In GEO a string of bits 
encodes the design variables. Being an evolutionary algorithm, each 
bit is considered a species and has an associated fitness. This 
number depends on the adaptability of the bit, that in GEO is related 
to the improvement or not, on the value of the objective function if 
the bit is flipped (from one to zero or vice-versa). GEO has been 
applied successfully to real complex design problems, including 
heat pipe design (Vlassov et al., 2006a). It has also proven to be 
competitive in comparison to other popular stochastic algorithms 
such as Genetic Algorithm and Simulating Annealing, with the a 
priori advantage of having only one free parameter to tune. The 
algorithm is described in detail in (de Sousa et al., 2003).   

 

1
00

=+

+=

hm

h

h
h

t

t
mo Q

Q
M
Mf

λλ

λλ
 (17) 

 
The objective function was normalized by the mass and power 

of the conventional radiator. Ideally, the mass of the proposed 
radiator would match the mass of the conventional one, whereas its 
heater dissipation would come to zero, that is: 
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The optimization variables are the dimensions of the base plate, 

and the dimensions and number of fins.  
The design variables are summarized in Table 1. The number of 

bits used to encode each design variable is defined by its desired 
resolution. In the last two columns of Table 1 the number of bits and 
the associated resolution of each design variable are presented. 

Results of Optimization The design of the radiator is formulated as an optimization 
problem: 

 
Minimize:  (15) }Q,M{f ht

Figure 2 shows the sets of near-optimal solutions, plotted as a 
function of the best values found for one of the geometrical design 
variables, the radiator fin height. 

 
Subject to: 
 

maxmin xxx ≤≤   and    (16) maxeqmin TTT ≤≤

The radiator design optimization took 400 independent runs of 
GEO. Each run was stopped after 106 function evaluations. In the 
small box inside Fig. 2, the sets are plotted in a scale that shows the 
bound constraints for the geometric design variables. 

In Table 3 the four best solutions obtained for VESPAR from 
the set of results are presented, along with the design parameters 
calculated for the conventional radiator.  

 
where x is the vector of design variables and Teq is the equipment 
temperature. The design variables, with the respective feasible 
ranges are presented in Table 1. The temperature of the equipment 
must lie in the range [-10, +40] oC, which is the temperature range 
usually used as requirement for operation of general electronic 
equipment in satellites.  

The fixed parameters used in the design optimization are 
described in Table 2. 

 

Table 1. Design variables. 

Variable Feasible Range Type Description Number of bits Resolution 
L [0.3, 0.5] m Continuous Length of radiator 6 5 mm 
Hf [0.02, 0. 16] m Continuous Height of fins 9 0.5 mm 
δf [0.1, 1.5] mm Continuous Thickness of fin 6 0.025 mm 
Nf [1, 32] Integer Number of fins 5 1 
Qh [0, 15] W Continuous Heater Power 8 0.1 W 

 

Table 2. Fixed parameters. 

Parameter Value Description 
Tmin -10 oC Minimum allowable temperature of equipment 
Tmax +40C Maximum allowable temperature of equipment 

Qeq,min 5W Minimal dissipation of equipment 
Qeq,max 25W Maximal dissipation of equipment 
qmax 201 Absorbed external heat flux at hot case 
qmin 33.5 Absorbed external heat flux at cold case 
δr 2.0 mm Thickness of base plate 

wmin 1 mm Limit on minimal space between fins 
δε 0.1mm Thickness of variable emissivity coating 
γA 0.85 kg/m2 Areal mass of the variable emissivity coating 
Geq 10 W/K Thermal conductance of the equipment interface
k 120 W/(K⋅m) Thermal conductivity of radiator material (Al) 
ρ 2768 kg/m3 Density of radiator material 
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Figure 2. Mapping of near-optimal solutions, plotted as a function of the 
radiator fin height, Hf. 

 

From Table 3 it can be seen that only around half of the heater 
power used in the conventional assembly is necessary for VESPAR, 
operating with the same boundary conditions. The penalty in mass 
was around 2 kg. It can also be seen that the radiator area of 
VESPAR is almost the same as the area of the conventional one, so 
there will be no impact on the area of the satellite covered by the 
radiator, by using VESPAR. These results indicate that the 
VESPAR concept can be a very attractive option for satellites with 
limited availability of electrical power.  

All results shown here were obtained using equal weighting 
factors (λm = λh = 0.5) in the definition of the objective function, i.e., 
it was given the same importance for each optimization criterion. 
Full domain of Pareto-optimal solutions can be obtained by the 
performing of multiple solutions through variation of the weighting 
factors within ~0.05...0.95, keeping the condition of normalization, 
given in Eq. (17) (Messac et al., 2000). 

Table 3. Best design parameters found for VESPAR and the conventional radiator. 

Type of Radiator Objective Function,  Eq. (17) Qh [W] Mt [kg] L [m] Hf [mm] δf [mm] Nf

2.499 7 2.551 0.344 84.38 0.478 5 
2.500 7.29 2.541 0.347 87.12 0.389 5 
2.500 7.17 2.546 0.347 85.75 0.411 5 

VESPAR 

2.503 7.52 2.536 0.338 81.37 0.389 6 
Conventional radiator - 15.00 0.560 0.320 - - - 

FEM Model 

Based on the results obtained with the design optimization 
procedure, a detailed numerical model of VESPAR assembled in a 
satellite panel was developed using the SINDA-FLUINT Thermal 
DeskTop Analyzer (Panczak et al., 2005). The model comprises the 
radiator, the satellite panel and an equipment box, as shown in Fig. 3.  

 

 
External Stage 

 

 
Internal Stage 

Figure 3. FEM VESPAR nodal breakdown; base plate and internal stage 
below, and second stage above.  

 
The dimensions of the radiator used in the detailed model were 

based on the best solutions found in the conceptual design 
procedure. From Table 3 it was chosen the solution with minimal 
heater power consumption. Hence, the dimensions for the radiator  

 
used in the detailed model were: a) the internal stage has 5 fins of 
84 mm in height and 0.46 mm in thickness each, and its base plate 
has a footprint of 0.344 x 0.344 m and 3 mm thickness; b) the 
external stage has 4 internal fins of the same dimension and 4 
lateral fins of 2 mm in thickness; the top plate has a footprint of 
0.43 x 0.356 m. The external surface area of VESPAR, available 
for radiation to Space is 2.41 times larger than the conventional 
radiator area. In the analysis the radiator was considered to be 
made of Al 2024.   

In detailed VESPAR FEM numerical model, each fin is 
represented by 25 isothermal elements, the baseplate by 100 
elements and the satellite panel by 200 elements. The radiative 
couplings between two given elements are calculated by 
ThermalDesktop using a Monte-Carlo ray-tracing technique and the 
conductive couplings are generated using the finite element method.   

As in the conceptual study presented before, for comparative 
purpose, a detailed numerical model of a conventional radiator was 
also built. Views of the nodal breakdown for VESPAR and the 
conventional radiator are shown in Fig. 4. 

 
 

 
VESPAR 

Figure 4. View on VESPAR (above) and a corresponding conventional 
radiator (below). 
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Conventional 

Figure 4. (Continued). 

 
The outer surface of VESPAR second stage and the 

conventional radiator surface are covered with an Optical Surface 
Reflector (OSR) coating. Both radiators are positioned over a 
honeycomb panel with dimensions 0.5 x 0.5 x 0.02 (m). The thermal 
contact conductance of VESPAR with the panel is 1500 W/m2K and 
from the panel to the equipment is 1000 W/m2K. The equipment has 
a footprint of 0.24 m x 0.24 m and height of 0.12 m. The MLI 
covering all, but the radiator areas (see Fig. 1) has an external layer 
of polyimide film having 0.55 absorptivity and 0.69 emissivity at 
satellite End Of Life (EOL). 

Modeling Results: Conventional Radiator 

The performance of VESPAR and the conventional radiator are 
evaluated under hot and cold cases. The hot case corresponds to 
maximal equipment heat dissipation, maximal external heat flux and 
EOL conditions for the thermal coating. The cold case corresponds 
to minimal equipment dissipation, minimal external heat flux and 
Begin of Life (BOL) conditions for the thermal coating. The 
external heat fluxes correspond to the orbit of the scientific satellite 
EQUARS (Fonseca et al., 2004), which has an altitude of 750 km 
and inclination of 20 degrees. The external coating is OSR with 
α/ε = 0.12/0.81 for BOL conditions and α/ε = 0.24/0.79 for EOL 
conditions. The orbits and attitudes of the assembly, corresponding 
to the hot and cold cases are shown in Fig. 5. The HC attitude 
corresponds to the normal mode of satellite operation, when its Z+ 
axis is pointed to Earth (collecting data and images). The CC 
attitude corresponds to the so-called safe mode, when a contingency 
or failure occurs and the satellite enters in inertial stabilization, in 
which its Z- axis is pointed to the Sun together with the solar panel, 
in order to guarantee electric power needed for recuperation. In the 
safe mode many equipment dissipate minimal power or are 
switched-off. It is assumed that the assembly composed by the 
radiator and its supporting panel is thermally decoupled from the 
satellite.  

 

 
Figure 5. Hot and cold case orbits and attitudes. 

 
Figure 5. (Continued). 

 
The average absorbed orbital heat fluxes for the conventional 

radiator, calculated with RadCAD/Thermal Desktop tool, are qmax = 
209.8 W/m2 and qmin = 50.1 W/m2 for hot and cold case respectively. 

The temperature map under orbit-average heat loads on the 
conventional radiator is shown in Fig. 6. The HC temperature 
scale is shown on the left side of the figure, and the CC one on the 
right side. 

 

 
Figure 6. Temperature maps for conventional radiator assembly for hot 
(left temperature scale) and cold (right temperature  scale) cases.  

 
Considering the maximum equipment heat dissipation (Qeq,max = 

25 W) during the HC, its temperature reaches + 40.1oC in steady-
state conditions. The modeling results show that under the cold case 
conditions, in order to keep the equipment above its minimal 
temperature limit of -10oC, the aggregate dissipation of heater Qh 
and equipment should be 19.2 W, or as much as 77% of Qeq,max. 

Modeling Results: VESPAR Radiator 

For VESPAR, the temperature of the equipment reached 26.5oC 
in the HC, when the equipment was dissipating 25 W. This is 13.6oC 
less than the temperature reached by the equipment in the same 
thermal conditions, but using the conventional radiator. This 
decrease on the equipment temperature was due to the higher 
radiation area provided by VESPAR using the same footprint area. 
In fact, VESPAR could accommodate an equipment dissipation of 
up to 32.2 W before the equipment temperature surpasses the limit 
of 40oC. To accommodate the same capacity of heat rejection, the 
conventional radiator would need an increase of 29% on its radiative 
area.  In Fig. 7 it is shown the temperature distribution on the fins of 
the internal stage of VESPAR. 
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Figure 7. Steady state hot case temperature maps on elements of VESPAR 
radiator internal stage.  

 
The corresponding temperature maps obtained for the cold case 

are shown in Fig. 8. 
 

 
 

 
Figure 8. Steady state cold case temperature maps on the internal (above) 
and external (bellow) stages of VESPAR.  

 
Under CC conditions the total power (heat load plus heaters) 

needed to keep the equipment above the lower limit of –10oC is 
14.3 W, which is 44% of Qeq,max. Compared to conventional 
radiator relative power requirement of 77% of Qeq,max to avoid 
equipment subcooling, we have 33% of aggregate power saving. 

From Table 5 it can be seen clearly that the VESPAR concept 
provides a significant saving in heater power. The detailed analysis 
confirmed the results from the conceptual simplified model, even 
with better results. These results can be better understood and 
generalized with the introduction of some dimensionless 
performance parameters, as presented next. 

First, we define a relative dimensionless amplitude for the 
variation of the equipment heat dissipation: 

 

max,eq

min,eqmax,eq

Q
QQ

Q
−

=Δ  (18) 

 
Second, we set in a similar way the dimensionless amplitude of 

variation of external absorbed fluxes in cold and hot cases  
 

max

minmax
q

qqq −
=Δ  (19) 

 
The relative heater power needed to keep the equipment above 

its lower limit is defined as: 
 

max,eq

h
h Q

QQ =  (20) 

 
In general, the higher the values of either QΔ  or qΔ  or both, 

the higher the need for heater power.  

Summary of Results 

In Table 4 the physical main parameters and thermal 
performance for VESPAR and the conventional radiator are 
presented, for both the conceptual and detailed analysis.  

Now we introduce a dimensionless criterion of the thermal 
control power requirement : 

 

Qq
Qh

h ΔΔ
ϕ

+
=  (21) 

 
The ϕh parameter gives a relation between the need for heater 

power during cold conditions and the amplitude variation of external 
heat fluxes and equipment heat dissipation. The lesser the ϕh 
magnitude, the better. In the ideal case, no power is needed to keep 
the equipment temperature above its lower limit, i.e. ϕh→0. The 
magnitude of this characteristic depends also on the required 
temperature range i.e. ΔT = (Tmax-Tmin). When ΔT → 0, then ϕh→1 
for conventional radiators. Therefore, ϕh may vary within 0 and 1. It 
is also assumed that on the uncertainty 0/0, ϕ = 0, which means no 
control power is needed if external condition and equipment 
dissipation are constants.  

We also should define relative mass and volume of VESPAR 
radiators with respect to saving heater power: 

 

VESPAR,hconv,h

convVESPAR
M QQ

MMC
−

−
= ; 

VESPAR,hconv,h

convVESPAR
V QQ

VVC
−

−
=  (22) 

 
Based on the introduced dimensionless characteristics we can 

now perform a generalization and comparison of the results 
presented before. Table 5 summarizes these characteristics for all 
considered radiators. 

As can be seen from Table 5, the generalized characteristics for 
VESPAR obtained with the simplified and detailed models are very 
similar, what confirms the effectiveness of the use of the simplified 
model for the optimization and conceptual design.  
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Table 4. Absolute performances of radiators. 

 Qeq,max [W] Qeq,min [W] qmax [W/m2] qmin [W/m2] Qh [W] ΔQh, saved LxBxH [mm] V [liters] M [kg]
VESPAR (Concept) 25 5 201 33.5 7 8 344x344x84 9.94 2.551 
VESPAR (Detailed) 32.2 6.4 209.8 50.1 7.9 9.3 344x344x84 9.94 2.551 
Conventional (Concept) 25 5 201 33.5 15 0 344x344x3 0.20 0.56 
Conventional  (Detailed) 32.2 6.4 209.8 50.1 18.4 0 391x391x3 0.237 0.66 

 

Table 5. Generalized characteristics of radiators. 

Radiator QΔ qΔ  
hQ  hϕ  MC  [kg/W] VC [l/W] 

VESPAR (Concept) 0.8 0.833 0.28 0.172 0.25 1.22 
VESPAR (Detailed) 0.8 0.761 0.245 0.157 0.20 1.04 
Conventional (Concept) 0.8 0.833 0.6 0.368 - - 
Conventional  (Detailed) 0.8 0.761 0.57 0.366 - - 

 
Moreover, the magnitude of the criterion of the control power need, 

hϕ , for VESPAR is less than half the value for the conventional 
radiator. This efficiency on heater power saving comes on the cost 
of additional mass and volume: respectively, around 0.20 kg and 
1.04 liter per 1 W of heater power saved. 

Conclusions 

A new concept of space radiator with variable emittance was 
presented. Using a recently developed temperature dependent 
variable emissivity coating and an innovative geometry, it has no 
moving parts being in principle more reliable than the conventional 
thermal louvers.  

Named VESPAR, it has its concept feasibility verified 
numerically through a design optimization approach, and the results 
demonstrated that it has a great potential to be used in applications 
where the electrical power available to be used by the satellite 
thermal control subsystem is very limited. In the presented case, 
VESPAR demonstrates about twice lesser requirement for the 
control power than a conventional radiator. 

In-orbit simulation confirms that the introduced variable 
thermal resistance between two stages in HC is small enough to be 
compensated by extended external 2nd stage surface available for 
radiation to space, even with a certain gain: in the numerical 
example the maximal heat power could be increased from 25 to 
32.2 W using the same footprint.  

The VESPAR concept intrinsic feature of the passive self-
control can also contribute to a longer surviving satellite period in 
the case of electric power loss, because the equipment will be better 
prevented from the sub-cooling than in the case of the conventional 
radiator. 

On the other hand, the efficiency of VESPAR on saving power 
for the satellite thermal control subsystem comes with an estimated 
mass penalty of 0.20 kg per Watt saved. However, this figure can be 
decreased significantly with the use of new light materials, like 
high-conductivity carbon for the radiator structure instead of 
Aluminum alloy. The goal is to reach figures less than 0.08 kg/W, 
which is the average mass performance of the onboard power supply 
subsystem of modern satellites (Reeves, 1999).  

It is envisioned that the utilization of such kind of radiator in 
micro-satellites would lead to considerable electric power savings 
and contribute to a longer satellite life.  
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