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Abstract: Large heat transfer rates are always desired for
rocket propulsion applications as high heat loads are associated at
the nozzle exit. Different strategies have been employed in order to
have high heat transfer coefficients including use of liquid
nitrogen, spray cooling etc. ISRO has planned to use aluminium
based nano-particles with kerosene in order to cool launching
vehicles including GSLV Mk III as it is the heaviest rocket that
can carry large payloads. Recently, ISRO has announced to install
its own International Space Station (ISS) in future and in such
applications larger payloads are to be carried by the rocket. In this
work, an analytical study on the thermodynamic properties of the
aluminium nano-particles based kerosene nanofluid has been
done and an attempt has also been made to develop a temperature
and pressure dependent correlation that can be used in
computational
analysis
of
thrust
chambers
while
film/regenerative cooling.
Keywords: Film cooling, kerosene, dodecane, thrust chambers,
GSLV Mk III.

I. INTRODUCTION

S

pace missions are always challenging as minor errors
can result into failure of the whole system. After the first flight
of Indian Space Research Organisation (ISRO) during 1979,
the national agency has evolved itself on larger scales and has
successfully launched Mangalyaan in 2013 and 104 nanosatellites in single PSLV-C37 flight during 2017. The space
agency is now ready to launch Chandrayan-II in July, 2019
where semi-cryogenic engine GSLV Mk III (kerosene as fuel
and liquid oxygen as oxidiser) is to be used to carry the heavy
payloads. Recently, ISRO has announced to install its own
International Space Station (ISS) in future. Installation of
such heavy structures into the space is a tedious task and
GSLV Mk III is the only launching vehicle is available with
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ISRO to carry such large structures. Installation of ISS into
orbit needs number of rocket launching programmes as it is
not possible to commence whole ISS unit in a single launch
due to the involvement of heavy payloads. Massive cost is
involved in such missions and it is always desired to carry
bulky payloads and light supporting structure (including fuel
and physical structure) in a single rocket launch which can
reduce the total cost of such programmes. However, it is not
possible in present scenario due to the unavailability of robust
materials that can handle large temperature gradients arises
due to combustion of fuel and high drag. To conquer such
challenges generally rocket components, like exhaust nozzles,
1st and 2nd stage thrust chambers and heat shields, are made
with large thicknesses that can handle thermal stresses with
comfort which further increase the overall weight of the
system.
The immediate solution for such challenges is to use coolants
that can be used to reduce the heat loads on the components
through regenerative or film cooling [1]–[7]. Studies have
been found where kerosene, liquid methane etc. are used for
regenerative/film cooling of thrust chambers [3][8][9]. Large
mass flow rates are required to match the required heat
transfer rates which lead to increase the contact area of
cooling channels and this further leads to increase the overall
weight of the system. To get rid of this, ISRO has decided to
use nano-particles especially aluminium based nano-particles
[8] into the coolant (bled kerosene for initial preheat prior
combustion) in order to have large heat transfer rates. In this
work, aluminium based nano-particles have been proposed
for the cooling of the rocket components. The base fluid is
kerosene which is generally used in the 2nd stage rockets as a
liquid propellant. Also, the chemical surrogate of kerosene
fuel is assumed to be dodecane (C12H26) in the present study
as kerosene is refined form of it and it has an ability to
replicate the chemical kinetics of the kerosene. Therefore, in
the present study a comparison between the thermodynamic
properties of kerosene (dodecane) and kerosene-aluminium
nanofluid has been made. Generally, two properties thermal
conductivity and specific heat are taking into account while
considering the heat transfer aspects during the flow of fluid
through the cooling channels. Therefore, in the present work,
specific heat and thermal conductivity of the dodecane and
dodecane-aluminium nanofluid has been examined.
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In order to use the same property data in future during
simulations, an attempt has been made to fitting the data with
a curve-fit as a function of temperature and pressure. The
correlation has been fitted for a pressure and temperature
ranges from 1 bar to 10 bar and 275 K to 475 K respectively
for both dodecane and dodecane-aluminium nanofluid.

For thermal conductivity:
Maxwell correlation [11]

keff
kf



II. PROPERTIES OF DO-DECANE AND
NANOFLUID



knp  2kbf  2 (knp  kbf )
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(phi) is a volume fraction,

dodecane and

Thermodynamic properties specific heat and thermal
conductivity) of dodecane have been extracted from NIST
database. The properties of aluminium nanoparticles have
been taken from commercial suppliers i.e. the specific heat of
nano-particle is 837.4 J/kg-K and thermal conductivity is 30.3
W/mK. To evaluate the effective specific heat and thermal
conductivity of nanofluid following correlations have been
employed:

 np

(2)

bf is density of base fluid i.e.

is the density of nanoparticles. In

literature, researchers have worked on nanofluids where they
have considered thermal conductivity correlations and
achieved significant increase in the rate of heat transfers
[12][13]. Specific heat of nanofluid is found to decline with
the addition of nanoparticles however increased with rise in
temperature [14][15].

For specific heat [10]:

Fig. 2. Thermal conductivity of n-dodecane and its
nanofluid
Fig. 1. Specific Heat of n-dodecane and its nanofluid

c p ,nf 

(1   ) bf c p ,bf  np c p ,np
(1   ) bf  np

(1)

Table- I: Correlation coefficients of Effective Specific Heat of nanofluid
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The effective specific heat and thermal conductivity of the
dodecane nanofluid can be calculated from (1) and (2)
respectively. Fig. 1 and Fig. 2 show the effect of concentration
of aluminium nano-particles on the effective specific heat and
thermal conductivity of the nanofluid.
An attempt has been made to fit the variation of the nanofluid
properties with pressure (1 to 10bar) and temperature (275 to
475 K) for future use while performing computational studies
on thrust chambers using regenerative or film cooling. (3)
show the curve fit expression in which „T‟ and „P‟ are the
variables and other are constants. Table I and Table II show
the correlation coefficients for effective specific heat and
thermal conductivity respectively.
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R2 Value (4) is a statistically measured number which
generally evaluated accuracy of the fit and have values
between 0 (poor fit) and 1 (good fit). Table I and Table II
show the value which is very close to 1 which implies
developed fit is accurate and can be used in further studies.

(3)

Table- II: Correlation coefficients of Effective Thermal Conductivity nanofluid

Table- III: Standard Errors involved in calculation of coefficients
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Table- IV: Standard Errors involved in calculation of coefficients

III. CONCLUSIONS
In the present work, an effort has been made to understand
the effect of Aluminium nano-particle concentration on the
thermodynamic properties of the dodecane surrogate fuel of
kerosene. Correlations (1) and (2) are used to calculate the
effective thermodynamic properties of the nanofluid. It has
been noticed that the effective specific heat of nanofluid is
decreasing with the concentration of the nano-particles (phi=
1% to 5%) and effective thermal conductivity is found to
increase with the nano-particle concentration. In order to fit
this behavior, correlations have been formed for each
concentration as a function of temperature (275 to 475 K) and
pressure (1 to 10 bar). The standard errors (Table III and
Table IV) are found to be very small effective thermal
conductivity calculations and are little higher for specific
heats however can be considered for the computational
analysis on thrust chambers or nozzle cooling applications.
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