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ABSTRACT
Secondary coolants as defined by ASHRAE are fluids that either lose or gain temperature without a change of state. The
chemical industry defines these fluids as heat transfer fluids. CO2 is the best option to replace CFCs, HCFCs and other
conventional secondary fluids, since CO2 is non-toxic, non-flammable and natural refrigerant. In this paper an attempt is
made to compare different fluids in order to use them as secondary working fluids in forced circulation mode of
operation. A simple mathematical model is developed to compare the fluids. With the developed method, qualitatively
and quantitatively the best fluid can be found out.
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INTRODUCTION
Secondary working fluids are used for a variety of applications, such as cooling of products in

commercial refrigeration, solar heat recovery applications etc. Secondary fluids vary from brine solutions to
glycols to low temperature alcohol based fluids. They are however all identical in one respect. They do not
change phase from liquids to vapour at heat source and rely on sensible heat capacity. In the view of
environmental issues, several natural refrigerants such as ammonia, hydro carbons are being suggested in
place of the HFC or HCFC based synthetic refrigerants .However, many of these natural refrigerants are either
toxic or flammable or both. Normally, brines are used as secondary coolants in refrigeration systems.
However, in the region of low temperature, viscosity of brine is higher, leading to the increase in pumping
power consumption. Due to its environmental friendliness and excellent thermo physical properties, carbon di-
oxide is being suggested as a suitable secondary fluid in both forced and natural circulation loops.

Desired properties while choosing a secondary fluid:
An ideal secondary fluid should possess good thermo-physical properties, giving sufficient freezing

protection, being able to transport the heat through pipes, offer good heat transfer and small pressure drop for
the system fluid flow. When deciding which secondary working fluid to be used in a plant one must ensure
that the fluid is compatible with materials used in the system. It should be environmentally acceptable and
attention should be given to toxicity, flammability, handling security as well as life cycle cost. An ideal
secondary fluid should have the following thermo-physical properties and other requirements as listed below.

Unfortunately, no fluid meets all requirements and it is therefore necessary to make some kind of
compromise. When doing this it is important to consider the size of the system, or rather the amount of fluid
necessary in it. Normally these systems are permanently sealed. There should be no leaks under normal
operation. A minor leak of a fluid with normal boiling point far below room temperature would result in a
highly diluted vapor phase which, for most fluids, should not be expected to be harmful, and so that ‘‘natural’’
working fluids are preferred, both due to concern of the environment and because ‘‘green’’ products have an
advantage in the market.

Literature review:
In place of water one can use aqueous solutions, potassium salts, refrigerants etc.  Briley [1] listed the

parameters to be considered while choosing the fluid for low temperature applications. Melinder [2] compared
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different fluids for a cooling load application with respect to the volumetric heat capacity and pressure drop.
Nunthapan et al [3] found that, use of triethalene glycol–water mixture can extend the heat transport limitation
compared with pure water and higher heat transfer is obtained compared with pure TEG at high temperature
applications. Anterno et al [4] studied the properties of aqueous fluid of potassium formate theoretically and
experimentally in order to find an improved secondary refrigerant for indirect refrigeration systems. The most
important advantages compared to the traditional aqueous solutions of alcohols and glycols are good
thermodynamic properties, low toxicity and non-flammability. Volumetric heat is lower, which brings about a
higher rate of mass flow, if the temperature change of the fluid is maintained constant. However, because of
the clearly lower values of viscosity, the pumping power demand is at same level. Good thermal conductivity
promotes good heat transfer. Yadigaroglu et al [5] presented a step-by-step facility design procedure to define
suitable scaling criteria for a refrigerant (R-113) experiment simulating the dynamics of the loop. Using of
CO2 as a secondary fluid was started from last decade [6]. Winkler et al [7] compared water with CO2 with
respect to pressure drop and enthalpy difference divided by specific volume (so called packing factor) and
found that CO2 is better than water as a secondary fluid.  Frobes [6] found power savings by using CO2 in place
of glycol.

Here an attempt is made to compare the different fluids in terms of the ratios of the some parameters
like diameter, temperature etc. with the CO2. A careful study of influence of fluid (especially replacing
working fluid with CO2) to the author's best knowledge has never been carried out before either analytically or
experimentally. This stimulates the present investigation.

Secondary fluids and their properties:
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Fig 1. Freezing point as a function of additive concentration

By considering flammability risk, changing of freezing point with small change in concentration and some
other thermo physical properties of the fluids here in this example we taken the operating temperature as -
300C. Fig 1 shows the freezing point curves of the number of solutions [2]. The high concentration needed for
ethyl alcohol gives very low flash point with flammability risk. Even a small change in calcium chloride
concentration increases freezing point rapidly. Potassium salts are not safe to operate at low temperatures.
Potassiumformat may enter a glassy state at low temperature. Based on the above information here we choose
two aqueous solutions based on the operating temperature. From Fig 1, we had taken 40% wt. methyl alcohol
(MA), and 50% wt. Ethylene glycol (EG) for the comparison. Another commercial secondary fluid Syltherm
XLT (dimethyl polysiloxane) which has the freezing point temperature of -900C [5] is taken for comparison.
Three refrigerants R717, R744, R22 were taken for comparison. Saturation pressures corresponding to
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temperature of the chosen refrigerants was shown in fig 2. Refrigerants are suitable simulation fluids because
of their obvious advantages like miniaturization and low energy consumption. In addition, they offer
convenient experimental conditions with respect to pressure and temperature, and they are not corrosive, toxic
or otherwise dangerous. However, restrictions in their use and release have been environmental protection
reasons.
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Fig 2: Saturation pressures of refrigerants
Fig.3, 4, 5, 6, presents the individual properties of the fluids at different temperatures under consideration.

Fig.6 shows the ratio of pipe diameters of the different fluids with the CO2
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Fig 3: Density as a function of temperature
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Fig4: Specific heat as function of temperature
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Fig5: Viscosity as a function of temperature
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Fig 6: Volumetric expansion coefficient as a function of temperature

The properties like density, specific heat, thermal conductivity, and volumetric expansion coefficient of
aqueous fluids are almost constant with temperature. But for the refrigerants these are varying with
temperature, while the viscosity has the reverse effect. Volumetric expansion coefficient which is a
respectable parameter in natural convection loops has a significant increase with increase in temperature for
CO2, for others it is small.

Comparison between different fluids:
Forced circulation loops are those which use an external pump to circulate the flow. Irrespective of

the balance between buoyancy and gravity here flow is initiated by means of pump. The schematic diagram of
forced circulation loop is shown in fig 7. The governing equation of the natural circulation loop was also
applied here except that the boussinesq approximation is not valid here. To compare the different fluids,
pressure drop along the tube and pumping power are taken as the performance parameters.
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Fig 7. Schematic diagram of a forced circulation loop

Pressure drop and pumping power:
In engineering applications pressure drop should be kept minimum. Here defining a new term ‘figure of

merit’ [5], which was derived as follows.
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The factor in the open parenthesis is called ‘figure of merit’. For the same heat load Q, tube length L t,

Diameter d and same temperature difference ∆T, we compare the figure of merit as a function of viscosity,
density and specific heat for selected fluids.
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Fig 8: Figure of merit as a function of temperature
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The general trend of decreasing pressure drop with increasing temperature is also still obvious, but there is
also a large difference between the individual fluids. Fig.8 shows that figure of merit is very much less for the
ammonia and CO2 is the second best. But as ammonia is toxic it may not best suited for so many applications
like electronic cooling and refrigeration etc. even though aqueous solutions have higher cp, and density values
as a whole figure of merit is high which results in the undesirable higher pressure drop.

Fig 9 presents the ratio of pumping power of the different fluids with CO2 for same volume flow rate and heat
input.
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Fig 9: Fig9: Ratio of pumping power required for fluids with CO2 for same volume flow rate and heat input

Fig 9 shows that except ammonia, all fluids require more pumping power. Because of high specific heat,
which is a dominating term, ammonia needs very less power. The power ratios of the MA and EG is decreases
with temperature and increases for the rest. This is because, MA and EG have very higher viscosity values at
lower temperatures and decreases abruptly with temperature. So the viscosity ratio in decreasing with
temperature which leads to decrease the power ratio. From fig.4 we can observe that EG has more negative
slope than MA which results the same in pumping power. For the remaining fluids even though viscosity
effect is there but more effect is because of the change in the specific heat with temperature.

Fig 10 shows the ratio of the pipe diameters of the fluids with CO2 for same pumping power and heat input.
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Fig10: ratio of pipe diameter of the fluids with co2 for same pumping power and heat input

Here the results are interesting. Two fluids NH3 and MA results in lesser pipe diameter than CO2. As
expected because of its much higher specific heat NH3 lesser diameter ratio. But contradictorily MA is also
shows good results. By carefully analyzing the results we found that specific heat is the dominating term here.
Specific heats of NH3, MA and EG are higher than CO2. But the viscosity of the EG is much higher than any
other fluid which balances the specific heat dominance. So, the diameter of the EG is higher than CO2.

4.2.2 Heat transport capability:
For different fluids we may compare the volume flow of the working fluid for a given cooling

capacity, or, vice versa.

Q mc T V c T   
The volumetric heat capability of the fluid is defined as the cooling capacity divided with the volume flow
rate i.e. Q/V. for a certain temperature range between the fluid entering and leaving the cooling object, it is
proportional to the estimated volumetric heat capacity, ρcp
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Fig11: volumetric heat capacity of the fluids as a function of temperature
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Fig.11 shows this volumetric heat capacity as a function of temperature. The aqueous solutions have the
higher values higher values and the liquid CO2 is in between. This is because of aqueous solutions have higher
density and specific heat capacity values.

5. Conclusions:
It has been purpose of this article is to point at the consequences of the choice of the fluid as a secondary
refrigerant for the thermal systems operating on forced circulation systems. The observations are listed below:

1. As far as forced circulation is concerned NH3 has been shown good result in terms of pumping power
even though CO2 is comparatively good.

2. Even though heat transport capability is higher for conventional fluids, there might be the dangerous of
changing additive concentrations at very low temperatures and also viscosity is very high at low
temperatures. Low surface tension may contribute to leakage.

3. Even though ammonia is some what compatible with carbon dioxide in forced circulation, because of its
toxicity we can’t prefer in so many applications.

4. Moreover CO2 is a ‘natural refrigerant’. So it can use in any application.

It is not intension here to recommend specific fluid for the naturally operated heat transfer loops. Each of the
fluids has one or more negative sides that needs consideration it they are to be used. So based on the
application and environmental aspects one has to make their choice.

Nomenclature
A        C/S Area of the tube (m2)

c         Specific heat capacity (kJ/kg-K)

d         Diameter of the tube (m)

fc Friction factor

g         Acceleration due to gravity (m/s2)

k Thermal conductivity (W/m-K)

H        Heat transfer coefficient (W/m2 K)

Lt Length of the tube (m)

m        Mass flow rate (kg/s)

t          time(s)

Q        Heat load (kW)

s        length coordinate (m)

T        Temperature (K)

u         Fluid velocity (m/s)

v         volume(m3)

V        Volume flow rate (m3/s)

υ         Kinematic viscosity (cm2/s)

μ        Dynamic viscosity (Pa-s)

Δp      Pressure drop(kPa)
ΔT      Temperature difference across heat exchanger (K)

ρ         Density (kg/m3)
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