
International Journal of Scientific and Research Publications, Volume 10, Issue 3, March 2020              788 

ISSN 2250-3153   

http://dx.doi.org/10.29322/IJSRP.10.03.2020.p9997    www.ijsrp.org 

Simulation of Heat Dissipation for a Satellite using  

Carbon Nanotube Nanofluids 

To Anh Duc***, Bui Hung Thang*, Cao Thi Thanh* and Phan Ngoc Minh** 

 
* Institute of Materials Science (IMS), Vietnam Academy of Science and Technology (VAST),  

A2 Building, 18 Hoang Quoc Viet Road, Cau Giay District, Hanoi, Vietnam 
**Graduate University of Science and Technology (GUST), Vietnam Academy of Science and Technology (VAST), 

2B Building, 18 Hoang Quoc Viet Road, Cau Giay District, Hanoi, Vietnam 
***Vietnam National Space Center (VNSC), Vietnam Academy of Science and Technology (VAST), 

2B Building, 18 Hoang Quoc Viet Road, Cau Giay District, Hanoi, Vietnam 

 
DOI: 10.29322/IJSRP.10.03.2020.p9997 

http://dx.doi.org/10.29322/IJSRP.10.03.2020.p9997  

 
Abstract - Satellites cope with harsh environment when working 

in the orbit so they require heat management by varios methods 

such as heat pipes, louvers, pumped fluid loop, etc… to improve 

stability, durability and longevity. The pumped fluid loop (PFL) 

is one of the most significant components as it is more efficient 

than other passive thermal control as it can deal with 

environmental extremes or to accommodate equipment 

dissipating high power. Carbon nanotube (CNT) is known as the 

material that has high thermal conductivity (kCNT = 2000W/mK), 

so it is possible to use as nano-additive for enhancing thermal 

conductivity of fluids. In this report, we present some results on 

simulation of heat dissipation for a satellite using carbon 

nanotube nanofluids. These results open the potential application 

of CNTs in nanofluids for heat management in PFL of satellites. 

I. INTRODUCTION 

hermal management is control is generally considered to be 

a crucial part of designing electronic systems, where  each 

device's perfomance varies considerably depending on 

temperature. Furthermore, the lifetime of the electronic devices 

can be reduced due to the high operating temperature. Finding 

new materials with high thermal conductivity has become an 

important to improve heat management efficiency for electronic 

devices. [1] 

Satellites are one of the electronic devices that have to 

survive in the extreme environment when working in orbit.  They 

requires heat management by varios methods such as heat pipes, 

louvers, pumped fluid loop, etc… to improve stability, durability 

and longevity. The pumped fluid loop (PFL) is one of the most 

significant components as it is more efficient than other passive 

thermal control as it can deal with environmental extremes or to 

accommodate equipment dissipating high power. Improving the 

thermal conductivity of fluids will help improve the heat 

management efficiency of the PFL system. [2] 

Nanofluid is a colloidal mixture of nanometre-sized (<100 

nm) metallic and non-metallic particles in conventional fluid. 

Nanofluids are considered to be potential heat transfer fluids 

because of their superior thermal and tribological properties. 

Nanoparticles are made from different materials, for example, 

carbonnanotubes, metals, semiconductors, nitride ceramics, 

oxide ceramics, carbide ceramics, and composite materials. 

Nanofluids improved thermophysical properties such as thermal 

conductivity, thermal diffusivity, viscosity, and convective heat 

transfer coefficients, in comparison to those of base fluids like oil 

or water [2-7]. 

    Carbon nanotube (CNT) is known as the material that has high 

thermal conductivity (kCNT = 2000W/mK) in comparison with 

thermal conductivity of silver is 419 W/m.K [8-11], so it is 

possible to use as nano-additive for enhancing thermal 

conductivity of fluids [12-15].  

    Initial results on simulating the dissipation of heat using 

carbon nanotube nanofluids for a small satellite is showed in this 

article. 

II. METHOD OF SIMULATION 

Figure 1 shows the diagram of a PFL system for a satellite 

using carbon nanotube nanofluids. In this configuration, we 

arrange for the heat-sink to touch a heat source (satellite’s power 

electronic component). The nanofluid was pumped from heat-

sink to radiator-cover of satellite by using a fluid-pump. Inside 

the heat-sink, the track was made so that nanofluids could run 

through and take in the heat from electronic component that 

generate high power, then the nanofluids will flow from the heat-

sink to satellite’s cover for heat emission and returns back to the 

nanofluid-container. 

T 
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Figure 1. Diagram of the PFL system for a satellite  

using carbon nanotube nanofluids 

    For the simplification of the simulation process, we worked on 

the assumption that the heat exchange process occurs only in 

heat-sink and satellite’s cover. To run the simulation, the 

operating time of electronic component is broken into small 

differential times (Δt). The heat transfer equations were 

calculated by dedicated software in each very short differential 

time. Results of the simulation are reached by repeating the 

above processes multiple times. 

    We worked on the assumption that: 

+ v is the flow-rate of nanofluids (m3/s) 

+ Δt is the diffential time in our simulation (s) 

+ ΔV is the amount of fluid that flows in Δt (m3) 

    We have: 

.V v t                                    (1) 

    The heat transfer equation showing the relationship between 

the volume of nanofluid ΔV that flows from the nanofluid-

container to the heat sink and nanofluids in the heat-sink is as 

follows: 
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    Where: 

+ Vh is the volume of nanofluids in the satellite heat-sink (m3) 

+ Th is the nanofluid’s temperature in the satellite heat-sink 

(oC) 

+ T’
h is the nanofluid’s temperature in the satellite heat-sink 

after ΔV (the volume of nanofluids) flowing from the 

nanofluid-container to the satellite heat-sink (oC) 

+ Tc is the nanofluid’s temperature in the nanofluid-container 

(oC) 

+ Ch is the heat capacity of the satellite heat-sink (J/K) 

+ C0 is the specific heat capacity of nanofluids (J/kg.K) 

+ Dn is the density of nanofluids (kg/m3) 

    We calculate the amount of heat that flows from electronic 

component to nanofluids as follows: 
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    Where: 

+ Ip-h is the amount of heat that flows from satellite heat source 

to nanofluids in the satellite heat-sink (W) 

+ Tp is the temperature of the satellite heat source (oC) 

+ Rp-h is the heat resistance of the contact layer between 

satellite heat source and the satellite heat-sink (K/W) 

+ Rh is the heat resistance of the satellite heat-sink (K/W) 

+ Rn is the effective heat resistance of nanofluid (K/W) 

    We calculate the effective heat resistance of nanofluids as 

follows: 
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    Where: 

+ k is the thermal conductivity of the nanofluid (W/mK) 

+ d is the thickness of the nanofluid in the satellite heat-sink 

(m) 

+ S is the cross-sectional area of the nanofluid in the satellite 

heat-sink (m2) 

+ a, b are the width and length of the nanofluid in the satellite 

heat-sink, respectively (m) 

    We have: 
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    Where: 

+ T’
p is the temperature of the satellite heat source after very 

short differential times Δt (oC) 

+ ΔQ is the retain heat in the satellite heat source (oC) 

+ Cp is the heat capacity of the satellite heat source (J/K) 

+ P is the heat generation power of the satellite heat source 

(W) 

    We calculate the nanofluid’s temperature in the satellite heat-

sink after a brief period of differential time Δt as follows: 
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    Where: 

+ T’’
h is temperature of the nanofluid in the satellite heat-sink 

after very short differential times Δt (oC) 

+ ΔQh is the heat from satellite heat source to nanofluid and the 

satellite heat-sink (J) 

+ Cn is the heat capacity of the nanofluid in the satellite heat-

sink (J/K) 

    The heat transfer equation showing the relationship between 

nanofluids in satellite’s radiator -cover and nanofluid volume ΔV 

that flows from heat-sink to satellite’s radiator -cover is: 
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    Where: 

+ Vr is the volume of the nanofluid in satellite’s radiator-cover 

(m3) 

+ Tr is the temperature of the nanofluid in satellite’s radiator-

cover (oC) 

+ Th is the temperature of the nanofluid flow from heat-sink to 

satellite’s radiator-cover (oC) 
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+ T’
r is the temperature of the nanofluid in radiator-satellite’s 

cover after the amount of ΔV nanofluid flowing from the 

satellite heat-sink to satellite’s radiator-cover (oC) 

+ Cr is the heat capacity of the satellite’s radiator-cover (J/K) 

    The heat emission from satellite’s radiator-cover to space is 

calculated by Stefan -Boltzmnann's Law: 
4

r s r rI A T 

   

                                (9) 

    Where: 

+ Ir-s denote the heat emission from satellite’s radiator-cover to 

space (W) 

+ Ar denote the emissive area of satellite’s radiator-cover (m2) 

+ σ denote the Stefan-Boltzmann constant 

+ ε denote the emissivity of non-black body 

    The heat absorptance from space to satellite’s radiator-cover is 

calculated by following formula: 

s r rI A 

   

                              (10) 

    Where: 

+ Is-r denote the heat absorptance from space to satellite’s 

radiator-cover (W) 

+ Ar denote the emissive area of satellite’s radiator-cover (m2) 

+ ϕ denote the flux from space to satellite’s radiator-cover (W) 

+ η denote the absorptance of non-black body 

    We make the assumption that the shape of the liquid-track 

inside the radiator is rectangular. We calculate the effective heat 

resistance of nanofluids in the radiator as follows:  
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    Where: 

+ d’ is the thickness of the nanofluid in the radiator(m) 

+ S’ is the cross-sectional area of the nanofluid in the 

radiator(m2) 

+ a’, b’ are the width and length of the nanofluid in the radiator, 

respectively (m) 

    We calculate the nanofluid’s temperature in the radiator after a 

sport period of differential time Δt as follows: 

'' ' '

' '

( ).r e r s s r
r r r

r n r n

Q I I t
T T T

C C C C

    
   

      

              (12) 

'' '

0

( ).

.

r s s r
r r

r n r

I I t
T T

C C D V

  
 

     

                       (13) 

    Where: 

+ T’’
r is temperature of the nanofluid in the radiator after very 

short differential times Δt (oC) 

+ ΔQr-m is the heat from radiator to environment (J) 

+ C’
n is the heat capacity of the nanofluid in radiator (J/K) 

    The heat transfer equation showing the relationship between 

nanofluids in the container and nanofluid volume ΔV that flows 

from the radiator to the container is: 
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    Where: 

+ Vc is the volume of the nanofluid in nanofluid-container (m3) 

+ Tc is the temperature of the nanofluid in nanofluid-container 

(oC) 

+ Tr is the temperature of the nanofluid flow from radiator to 

nanofluid-container (oC) 

+ T’
c is the temperature of the nanofluid in nanofluid-container 

after after very short differential times Δt (oC) 

+ Cc is the heat capacity of the nanofluid-container (J/K) 

III. RESULTS AND DISCUSSION 

We chose CNTs-based propanol, the concentration of CNTs 

was from 0 .0 vol. % to 1. 0 vol % for the entire simulation. In 

the simulation process, the parameters are as follows: 

+ The differential time of the simulation: Δt = 10-8 (s) 

+ The density of the nanofluid: Dn = 803 kg/m3 

+ The specific heat capacity of the nanofluid: C0 = 2400 J/kg.K 

+ The dimensions of the satellite heat-sink: a x b x c = 40 mm 

x 40 mm x 6 mm 

+ The dimensions of liquid-track in the radiator: a x b x c = 30 

mm x 5 mm x 0.5 mm 

+ The volume of nanofluid-container: Vc = 0.1 litter 

+ The heat power of satellite heat source: P = 20 W 

+ The the flow-rate of the nanofluid: v = 5 (cm3/s) 

+ The heat emission and heat absorptance between satellite’s 

radiator-cover and space was balanced at Tr = 30oC. 

+ The initial tempertature of satellite’s satellite heat source was 

equal to the tempertature of satellite’s radiator-cover is 30oC 

    We calculated the thermal conductivity of nanofluids as 

follows [16]: 
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    Where: 

+ kw= 0.14 W/mK, is the thermal conductivity of propanol. 

+ kCNT= 1750 W/mK, is the thermal conductivity of CNT. 

+ rw= 0.15 nm, is the radius of water molecule. 

+ rCNT= 5 nm, is the average radius of CNT. 

+ ε= 0.0 vol. % ÷ 1.0 vol. %, is the volume concentration of 

CNTs in nanofluid. 

 

Figure 2. Simulation result on heat dissipation for a satellite using 

carbon nanotube nanofluid 

Figure 2 shows the results of heat dissipation being simulated 

for electronic component using carbon nanotube nanofluid in a 
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satellite. As can be seen in the figure, the temperature of 

electronic component increased exponentially. When the satellite 

is in orbit, the saturation temperature of electronic component is 

usually reached after a period of 35 minutes. As shown in Figure 

2, we recorded a decrease in the saturation level of electronic 

component when we increased the concentration of CNTs. One 

possible explanation is that when we added CNTs into 

nanofluids, its thermal conductivity increased. This increase then 

improved the heat transfer at the substrate and radiator-cover of 

the satellite. Simulation results also showed as shown in figure 2, 

the saturated temperature of electronic component dropped by 

about 1°C to 3.5°C. When replacing based-fluid by nanofluids 

with 1.0 vol. % of CNTs, we have recorded that the saturated 

temperature of electronic component dropped by 3.5oC. 

IV. CONCLUSION 

    The thermal dissipation for for a satellite using carbon 

nanotube nanofluids was simulated. Simulation results showed 

that the saturated temperature of electronic component dropped 

by about 1°C to 3.5°C, concentrations of CNTs were (0.0 vol. %) 

to (1.0 vol. %) in nanofluids. The saturated temperature of 

electronic component dropped by 3.5oC when we use nanofluids 

with vol. % of CNTs compare to only using based fluid. The 

above results of our simulation have shown the considerable 

benefit that CNTs can bring about as an additive component in 

nanofluids for dissipating heat in PFL. 
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