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ABSTRACT 

Pumping performance is crucial for a convective heat transfer system. However, there is a 
limited study that specifically discusses the relation between thermophysical properties of a 
Heat Transfer Fluid (HTF) and pumping performance. This study aims to find the effect of the 
change in thermophysical properties of HTF on the pumping performance, particularly for 
the delivery rate, slip factor coefficient, and volumetric efficiency. In this study, five different 
HTFs are used to assess the effect of working temperature and pumping speed on the pumping 
performance. Delivery rate is evaluated by setting the pumping speed from 0 to 1300 RPM 
where the working fluid temperature is set at 40, 140, and 200 °C. It shows that the HTF with 
a lower viscosity has a better delivery rate. The slip coefficient for all working fluid is ranging 
between 0.11–0.31 at temperature 200 °C. It is found that a higher working temperature for 
the fluid increases the slip coefficient and delivery rate. The volumetric efficiency is directly 
affected by the slip ranging from 69 – 89% at 200 °C. The heat transfer rate ranges from 40 – 
98 °C for all fluids, which is mainly affected by the volumetric efficiency of the pump and 
also pumping speed where a higher pumping speed decreases the heat transfer rate. It can be 
concluded that the change in thermophysical properties of the working fluid will change the 
pumping performance. Therefore, it is important to adjust the pumping operation according 
to the temperature and properties of the working fluid to achieve the highest heat transfer rate 
for a convective heat transfer system.
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INTRODUCTION 

The innovation and improvement in thermal engineer-
ing are intended to enhance the overall efficiency of the 
system. It is driven by the motivation to respond to global 
pressure on crisis energy and reduce the carbon footprint 
[1]. A good example is an increase in the utilization of con-
centrated solar power (CSP) and thermal waste for food 
and crops drying across the globe [2,3]. These innovations 
are feasible to be carried out on a small scale, hoping that 
more renewable energy can be utilized and broader renew-
able energy distribution [4].

Small scale solar dryer is operating at a temperature 
between 60 – 200 °C. The drying process by using an indi-
rect solar dryer is generally better than the open-air drying 
method [5]. An indirect solar dryer uses Heat Transfer Fluid 
(HTF) to distribute the heat energy from the solar collec-
tor to the liquid-to-air heat exchanger [6]. Using HTF also 
improves the dryer’s reliability, where thermal energy stor-
age can be installed to extend the operation time at night-
time [7]. The operation of an indirect solar dryer during 
daytime is as follows: the HTF circulates from the thermal 
collector to the thermal storage for charging and then con-
tinues to the heat exchanger. The stored heat in thermal 
storage is released and absorbed by the HTF at nighttime, 
then distributes to the heat exchanger using a bypass line 
to minimize the heat losses. The method is proven more 
reliable since the drying process could be extended and 
increase production capacity [8].

Indirect solar dryers are generally equipped with a 
solar collector, thermal storage, heat exchanger, heat trans-
fer fluid, and process pump to distribute the HTF [9]. As 
a small-scale system, the economic aspect should be care-
fully taken into account. Thus, several improvements to the 
equipment have been studied to increase the reliability of 
the system. The improvement is mainly intended to increase 
the overall thermal efficiency of the system [10]. For exam-
ple, an advanced design of heat exchanger by using copper 
tubing for the dryer able to save the drying time between 
10 – 21 hours compared to the open-air drying method 
[11]. The enhancement also can be done by using an inte-
grated system with a parabolic trough collector equipped 
with thermal energy storage (PCM based) to promote a 
better quality of the dried product. For the working fluid, 
using nanofluid, oil and glycerin are proven better than 
using water by increasing the efficiency by 9.7%, 20.2% dan 
12.4%, respectively [12]. Thermo-optical efficiency at the 
solar collector can be increased up to 34% by using CeO2-
water base nanofluid with the volumetric concentration of 
CeO2 is 0.035% [13].

It seems the improvement on the equipment for indirect 
solar dryer system has a good outcome. Nonetheless, there 
is limited study which specifically focused on the aspect of 
the working fluid and process pump for indirect solar dryer. 
As is well known, the stability of the heat transfer fluid and 

the pumping performance has a mutual influence [14]. It 
is essential to address the issue since the process pump is a 
critical component for the convective heat transfer applica-
tion [15]. The relationship between the working fluid and 
process pump in convective heat transfer directly influ-
ences the heat transfer rate and power specific consumption 
of the pump [16]. 

The interconnection between working fluid and pump 
for indirect solar dryer system or identical application 
might be rarely discussed since it is hard to get a small 
high-temperature process pump [17]. The process pump for 
a thermal system is quite distinct compare to a typical liquid 
pump for low-temperature application [18]. Specifically, 
it is associated with the nature of the application, which 
involves high temperature and high viscous fluid [19]. This 
type of pump usually requires a higher cost, make it is rarely 
used as a research topic for solar dryer systems, especially 
the use of indirect solar dryers in many developing coun-
tries with many technological and cost limitations [20].

In this case, the pump must meet several ideal aspects 
to be applied on a small scale, namely: broadly available, 
ideal for pumping viscous fluids, working under an ele-
vated temperature, easy to manufacture, and low cost [21]. 
Screening from many types of pumps that can meet these 
criteria, a rotary-type positive displacement pump is a rea-
sonable choice [22]. Among the rotary–type positive dis-
placement pumps, a trochoid–gerotor pump is the most 
suitable option [23]. The fundamental aspect to consider a 
trochoid–gerotor pump as a suitable candidate is driven by 
its advantages; it has a compact design, simple, and already 
designed for pumping high viscous fluid [24]. With only 
one moving part (the inner rotor), customization can be 
easily made to create an HTF process pump for an indirect 
solar dryer. Moreover, the size of the gerotor is considerably 
tiny and commonly used as a lubricant pump for automo-
biles or motorcycles where it operates at elevated tempera-
ture with high viscous fluid (engine oil) [25], and also, the 
cost of the pump is considerably cheap.

There is limited research which discussed precisely the 
pumping performance under various HTFs for indirect 
solar dryer system, even though this issue is critical for 
heat transfer performance of the system [26–28]. The rela-
tionship between HTF and pumping performance can be 
observed based on delivery rate, slip factor dan volumet-
ric efficiency. Since this research is related to convective 
heat transfer, the relationship between pumping perfor-
mance and heat transfer must also be considered. In order 
to answer these challenges, this research aims to study the 
relation between thermophysical heat transfer fluid proper-
ties and pump performance by using a modified trochoid–
gerotor pump as a process pump. The result of the study 
can be used as an essential reference to understand the heat 
transfer performance of the system based on the pumping 
characteristic and type of heat transfer fluid and also pro-
vide an alternative option to develop a small process pump 
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In order to spin the rotor, an external motive source is 
needed. Considering the flexibility of the application and 
the controllability of the pump speed, a high torque DC 
motor (working voltage: 12–24 VDC, maximum working 
current: 5A, self-cooling fan) is used as the driver for the 
pump (close to standard reference IE1 [30]).

The power from the motor is transmitted to the pump 
by belt-pulley. After the final concept is decided, all com-
ponents are assembled, as seen in Figure 2. The final design 
is taken after considering the characteristic of the pump, 
its application, manufacturability, and replicability for the 
other researcher. Several initial tests were done to ensure 
the workability of the pump as well as the leakage test [31]. 
Minor adjustments were made after the initial test, espe-
cially the adjustment of the belt tension.

Experimental Setup
The main objective of the experiment is to study the 

effect of the thermophysical properties of the working fluid 
on the pump performance. Five different working fluids are 
used to evaluate the performance of the pump. Two work-
ing fluids are commonly used for heat transfer fluid appli-
cation (thermal oil and smooth fluid), where the rest of the 
working fluids are mineral oil-based lubricants (Table 1). 
Five different working fluids with various viscosity are used 
to observe the delivery rate of the pump at the given speed 
under specified temperature. A different working fluid is 
also used to study the effect of the change in physical prop-
erties of the working fluid based on temperature for the slip 
factor and volumetric efficiency of the pump.

The next step is setting the apparatus. Gerotor is work-
ing at relatively low pressure [32]. Consequently, it has to be 
modified to elevate the internal pressure at the suction port 

for convective heat transfer by using a trochoid–gerotor 
pump.

PUMP DESIGN AND EXPERIMENTAL SETUP

Gerotor Design Model
The gerotor consists of rotor and housing, which rotor 

is the only moving part [29]. The relative motion between 
rotor and housing creates a vacuum, where the fluid enters 
from the suction port to the housing and forced out by the 
rotor through delivery port. The steady motion of the rotor 
generates sufficient force for suction and discharge of the 
working fluid. Modification of the gerotor is relatively easy 
because the model is compact, small, and adjustable. For 
this research, a gerotor oil pump for motorcycles is chosen 
because it is low-cost and vastly available.

Several additional parts are made in one assembly to 
develop a gerotor-based process pump. Figure 1 shows the 
cutting view from the designed gerotor assy. The detail of 
Figure 1 is as follow: a solid shaft (A) is installed at the cen-
ter axis of the gerotor pump, the shaft is supported by upper 
(B) and lower (C) bearing, a rubber seal is installed at the 
lower shaft (D) to prevent leakage due to shaft rotation, a 
gasket is placed at the joint between lower and upper assy. 
The upper assy is manufactured from carbon steel to stand 
with high-temperature fluid and support external heating 
through conduction from the reservoir body. In this sce-
nario, an electrical heater is placed within the reservoir. The 
void volume of the reservoir is 280 ml.

Figure 1. Cutting view of the designed gerotor pump.
Figure 2. Final assembly for the gerotor pump and motor 
driver.
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Table 1. Physical properties of the working fluids

Fluid Boiling point (°C) Viscosity (@ 40 °C, cSt) Density (g/cm3) Code

Thermal Oil (AT-400) 253–258 2.2–2.8 1.048 (@40 °C) HTF1

Smooth fluid (SF-05) 251–255 2.5–3.5 1.031 (@40 °C) HTF2

Oil SAE 30 280 96 0.873 (@15 °C) HTF3

Oil SAE 40 280 129.5 0.881 (@15 °C) HTF4

Oil SAE 50 320 223 0.890 (@15.6 °C) HTF5

to minimize the working load of the gerotor. The gerotor 
assy is adjusted relatively higher than the heat exchanger 
(Figure 3). The adjustment is intended to raise the hydro-
static pressure at the suction port, where it can be taken 
without changing the design of the gerotor assy. The gerotor 
assy is also designed for heating the fluid. Hence it required 
a reservoir to accommodate the fluid. Locating the res-
ervoir before the suction port will elevate the hydrostatic 
pressure significantly where it helps to decrease the slip fac-
tor of the pump [33]. Since the gerotor is working at rela-
tively low pressure, therefore an auxiliary pump is required 
for assisting the liquid to return to the gerotor assy. The 
auxiliary pump is a typical transfer pump which generally 
available and cheap since it works at relatively low tempera-
tures. Figure 3 shows the schematic experimental, where 
the detail of the component is summarized in Table 2.

The arrangement of the apparatus and measurement 
can be adjusted flexibly. The critical aspect of designed 
apparatus is that the high-temperature fluid is pumped 
by gerotor assy, where the temperature of the fluid can be 
controlled easily by setting the electric heater within the 
gerotor assy. As the heat exchanger absorbs the heat from 
the HTF, the HTF temperature falls then collected into the 
reservoir. Inside the reservoir, a submersible pump (or any 
regular pump) works as an auxiliary pump, pumping the 
cold HTF to the preheater and return to the gerotor assy. 
Thus, the auxiliary pump is merely pushing the cold fluid, 
which is safe for the most available pump. For the record, 
the preheater is designed to heat the working fluid before 
entering the gerotor assy to minimize the heating time 
inside the assy.

The gerotor is driven by an electric DC motor and con-
trolled by Pulse Width Modulation (PWM). PWM also 
controls the submersible pump (turbine type) inside the 
reservoir. Both of the flow (high-temperature low-pressure 
flow from gerotor assy and high-pressure low-tempera-
ture flow from reservoir) are monitored through flowme-
ter (F1 and F2) and pressure gauge (P1 and P2). The flow is 
adjusted carefully to maintain the pumped working fluid 
between the reservoir and gerotor assy. Thermocouple 
type K is attached to measure the temperature of the dis-
charged working fluid from gerotor (T1) and after the heat 
exchanger (T2). All instrumentation for the measurement 
can be arranged freely based on the research purposes to 

support the flexibility of the application. In this study, the 
flow meter is used to measure the delivery rate and slip coef-
ficient of the pump. Pressure gauges are used to maintain 
the working pressure within the system and thermocouple 
to measure the working fluid temperature before and after 
the heat exchanger.

The gerotor is driven by an electric DC motor and con-
trolled by Pulse Width Modulation (PWM). PWM also 
controls the submersible pump (turbine type) inside the 
reservoir. Both of the flow (high-temperature low-pressure 
flow from gerotor assy and high-pressure low-temperature 
flow from reservoir) are monitored through flow meter (F1 
and F2) and pressure gauge (P1 and P2). The flow is adjusted 
carefully to maintain the pumped working fluid between the 

Figure 3. The schematic of the apparatus for experimental 
validation.
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can be pumped under a specified time. The Heat Transfer 
Fluids (HTFs) are tested to observe the delivery rate of the 
pump. As a variation, each fluid is tested by using three 
different temperatures. Figure 4 presents the delivery rate 
of each fluid at temperature 40 °C. There is an identic pat-
tern for all fluids where the delivery rate increases as the 
pumping speed increases. It is the main characteristic of 
a positive displacement pump. From Figure 4, it also can 
be observed that delivery rate is varied for each HTF. The 
significant contributions for the differences are the physical 
properties of the HTF, particularly the viscosity. Fluid with 
lower viscosity is easier to be pumped than a fluid with a 
higher viscosity. It can be seen that at a speed of 1200 RPM, 
the delivery rate for HTF1 reaches 229 ml/min, while for 
HTF5, it is only 49 ml/min. HTF5 has the highest viscosity 
compare to all HTF (Table 1) which is why it has the lowest 
delivery rate. The relation between viscosity and delivery 
rate also can be observed for HTF2, HTF3 and HTF4, where 
lower viscosity value leads to higher delivery rate.

Increasing the temperature of the working fluid is affect-
ing the total delivery rate of the pump. Figure 5 presents 
the graphical plot for the delivery rate by setting the fluid 
temperature at 140 °C. As shown, the delivery rate for each 
HTF is increased compared to the previous test, where the 
working fluid is set at 40 °C. 

The delivery rate of each fluid is higher as the tempera-
ture rises. It is mainly affected by the change of viscosity 
for each fluid. Increasing the temperature will decrease 
the viscosity of each fluid. When the fluid temperature 
is increased, it affects the attractive intermolecular force 
within the fluid, which causes kinetic energy of the fluid 
increases. As a result of these changes, the attractive bind-
ing energy within the fluid is reduced, which reduces the 
fluid’s viscosity. Fluid will be easier to flow if the attractive 
intermolecular force within its molecule reduced. It is the 
main reason why at elevated temperatures, the delivery rate 
for each liquid is increased.

According to Figure 5, HTF1 and HTF2 have a higher 
increment than HTF3, HTF4 and HTF5. Compared to deliv-
ery rate at temperature 40°C, the average increment for 
HTF1 and HTF2 is 42.5 ml/min, while for HTF3, HTF4 and 
HTF5 is only 25 ml/min. An escalate delivery rate for HTF1 
and HTF2 is correlated with its nature as heat transfer fluid. 
HTF1 and HTF2 are designed to work as heat transfer fluid 
that has good thermal stability under its operating tem-
perature range [14]. HTF3, HTF4 and HTF5 are mineral oil-
based lubricants, where the main feature of these liquids is 
stable viscosity under elevated temperature. Increasing the 
temperature for HTF3, HTF4, and HTF5 has a minor effect 
on reducing its viscosity [34]. Figure 6 shows the delivery 
rate for temperature fluid at 200 °C, where the same phe-
nomenon also can be observed.

HTF1 and HTF2 show a significant increment for the 
delivery rate, while the HTF3, HTF4 and HTF5 still low. 
The delivery rate test under different working fluids with 

reservoir and gerotor assy. Thermocouple type K is attached 
to measure the temperature of the discharged working 
fluid from gerotor (T1) and after the heat exchanger (T2). 
All instrumentation for the measurement can be arranged 
freely based on the research purposes to support the flexi-
bility of the application. In this study, the flow meter is used 
to measure the delivery rate and slip coefficient of the pump. 
Pressure gauges are used to maintain the working pressure 
within the system and thermocouple to measure the work-
ing fluid temperature before and after the heat exchanger.

Two types of tubes are used for distributing the work-
ing fluid, namely the Polytetrafluoroethylene (PTFE) tube, 
and copper tube. The PTFE is used to minimizing the con-
vective heat losses from the working fluid, while the cop-
per tube is used to maximizing the heat transfer inside the 
preheater. The maximum temperature of the experiment 
is limited at 200 °C to prevent the melting of PTFE tube. 
This temperature is also suitable for indirect solar dryers 
and widely used for thermal systems related to industrial 
heat waste and other solar thermal applications at medium 
temperature (i.e., indirect solar water heater).

RESULTS AND DISCUSSION 

Delivery Rate
The delivery rate (also called pumping capacity) pro-

vides vital pump information since it shows how much fluid 

Table 2. Detail components of the apparatus

Components Detail

Heat Exchanger Øs,i
50 mm

Øs,o
70 mm

Øt,i
5 mm

Øt,o
6.35 mm

nt
19

h 85 mm
Shell material Polyoxymethylene
Tube material Copper 

Gerotor Assy Vr 280 ml
N1

8

N2
7

Instrumentation P1, P2
Bourdon tube, 0 – 2.5 bar

F1, F2
Oval gear flow meter

T1, T2
Thermocouple type K

Auxiliary part Øp,i
5 mm

Øp,0
4 mm

Submersible pump Turbine type, 12V
PWM controller 12 – 24 V, 10A, 400 W
Electric heater Cartridge type heater
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Figure 4. Delivery rate at temperature 40 °C.

Figure 5. Delivery rate at temperature 140 °C.

different temperatures shows excellent information that 
the change of temperature for the working fluid affects the 
delivery rate of the pump. The temperature change will 
change the properties of the fluid. Thus, it can be concluded 
that the delivery rate is directly related to the properties of 
the working fluid, which from this test can be concluded 

that the fluid with a lower viscosity value has better fluidity 
and led to a higher delivery rate.

Slip Factor and Volumetric Efficiency
The slip factor is an essential parameter in a pumping 

system because it affects the operational performance of 
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different in the two types of fluid is viscosity. The possibil-
ity of internal leakage between the rotor and the housing is 
reduced when a thicker fluid (high viscous fluid) is used. It 
can be observed that HTF3, HTF4 and HTF5 at temperature 
40 °C has a slip coefficient less than 0.1, while HTF1 and 
HTF2 have a higher value with slip coefficient 0.18 and 0.17, 
respectively.

The slip coefficient is increasing with the change in fluid 
properties. Besides the viscosity of the liquid, the density is 
also playing a role in the slip coefficient. Increasing the tem-
perature will make the fluid expand, causing its density to 
decrease. The effect of temperature, which associated with 
a reduction in liquid density, is the expansion of molecules 
within the fluid. As the result of the reduction in density, 
the hydrostatic pressure at the suction port decreases and 
makes the differential pressure between suction and dis-
charge port rise [37]. Although the density at room tem-
perature for HTF3, HTF4 and HTF5 is lower than HTF1 and 
HTF2, the effect of increment on HTF3, HTF4 and HTF5 is 
negligible. These fluids have better density at elevated tem-
perature since it designed as a lubricant which requires sta-
ble density.

HTF3, HTF4 and HTF5 also have a higher viscosity and 
gives an additional advantage to reduce the slip coefficient. 
It can be recognized from Figure 7 where the increase in slip 
coefficient as the effect of temperature is relatively small, 
particularly for HTF5 as the fluid with the highest viscosity; 
it has the lowest slip coefficient with the maximum value 
of 0.11 at temperature 200 °C. In contrast, the increasing 
temperature for HTF1 and HTF2 makes the slip coefficient 

the pump. For the gerotor pump, the slip occurs because of 
the pressure difference between suction and discharges port 
from the pump. The slip factor is defined as the amount of 
fluid leaked through the internal clearance of the pump 
(unit in m3/h or cc/mins) or can be defined as the ratio or 
coefficient from the actual vs theoretical delivery rate [35]. 
Since there is no exact standard that regulates the standard 
test for measuring slip in a gerotor pump [36], therefore this 
study uses the slip factor coefficient for simplicity. 

The slip coefficient for the gerotor pump is controlled 
by the internal clearance between the rotor and the hous-
ing, differential pressure between suction and discharge 
port and the pumping speed. The internal clearance at this 
point is fixed, while the discharge pressure is also set at a 
fixed value (1.5 bar at P1) and including the pumping speed 
which is at 400 RPM. In order to observe the effect of ther-
mophysical properties from the heat transfer fluid to the 
slip coefficient of the pump, the test uses temperature as 
variation. The working fluid temperature is started at 40 °C 
and increased steeply by 10 °C till it reaches the maximum 
temperature at 200 °C. The actual delivery rate is measured 
at a specific temperature. The measurement is taken 10 
times at a given temperature to ensure the reliability of the 
measurement.

According to Figure 7, the slip coefficient increases 
with increasing fluid temperature. HTF1 and HTF2 have the 
highest slip coefficient with a significant rate of increment 
of slip values, while the slip coefficient for HTF3, HTF4 and 
HTF5 is generally low with a minor effect as the tempera-
ture rises. The first aspect that makes the slip coefficient 

Figure 6. Delivery rate at temperature 200 °C.
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power consumption of the pump. These aspects should be 
taken care of for designing the thermal system to obtain the 
ideal working conditions for the pump to maximize the vol-
umetric efficiency of the pump that will eventually improve 
the system’s overall efficiency.

Heat Transfer Rate
The heat transfer rate is assessed by evaluating the heat 

transfer process between the fluid and the thermal load. 
The thermal load in this scenario is using a regenerator 
type heat exchanger. The heat transfer activity is measured 
by observing the temperature difference of the fluid before 
and after the heat exchanger (Figure 4). The heat exchanger 
is set at a specific dimension, so the assessment is entirely 
dependent on the temperature difference of the working 
fluid. The inlet temperature of the working fluid is kept con-
stantly at 200 °C while the pumping speed is taken as the 
variation. Figure 9 plot the relationship between the pump-
ing speed and temperature difference of the fluid before and 
after the heat exchanger.

The effect of the pumping speed for all working fluid 
is the same, where the temperature difference is decreased 
as the pumping speed increased. Increasing the pumping 
speed accelerates the flow rate, which causes heat transfer 
rate between the fluid and heat exchanger to drop signifi-
cantly as the fluid flows faster inside the heat exchanger. A 
slower pumping speed can maximize the heat transfer since 
there is enough time for the fluid to release the heat. Besides 
the pumping speed, volumetric efficiency also plays a role 
in the heat transfer rate of each fluid. It can be observed 
during low pumping speed where temperature differences 
for all HTF are above 80 °C. The drawback of low delivery 

increase significantly, which directly caused by its low vis-
cosity. According to this phenomenon, it can be concluded 
that viscosity has more influence on slip coefficient than 
density, in good accordance with [38], where more viscous 
fluids tend to experience lower slip than non-viscous fluids.

From assessing the slip coefficient under different work-
ing temperatures of the fluid, the pump’s volumetric effi-
ciency can be obtained. Volumetric efficiency is used as a 
representation of the capability of the pump to distribute 
the fluid. Since the slip coefficient is a ratio between the 
actual and theoretical capacity, then the effect of the slip 
losses can be proven by the change of volumetric efficiency. 
The effect of slip losses based on fluid temperature against 
the volumetric efficiency is plotted in Figure 8. Gerotor is 
a pump with high volumetric efficiency. It can be validated 
by the initial value of volumetric efficiency for all fluids is 
above 80%. However, the changes in fluid properties due to 
temperature changes can be observed on the decrease in the 
pump’s volumetric efficiency.

The change in thermophysical properties of the fluid is 
directly associated with the decrease in volumetric efficiency 
of the pump. It is essential information for a high-tempera-
ture process pump. The temperature of the working fluid 
affects its volumetric efficiency significantly. Although the 
volumetric efficiency for HTF3, HTF4, and HTF5 is better 
than HTF1 and HTF2, it has to be considered that the first 
three fluids have a lower delivery rate than HTF1 and HTF2. 
Therefore, selecting a high-temperature process pump for 
heat transfer system should consider both the volumetric 
efficiency and delivery rate. The consideration is essential 
since the delivery rate will relate to the mass flow rate of 
the fluid, and volumetric efficiency will relate to the specific 

Figure 7. The effect of HTF temperature on slip factor coefficient.
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Figure 8. Volumetric efficiency under different temperature of working fluid.

Figure 9. The heat transfer rate of the working fluid under different pumping speed.

rate for HTF3, HTF4, and HTF5 can be minimized as the 
volumetric efficiency for these fluids are high. Oppositely, 
HTF1 and HTF2 with low volumetric efficiency can still 
reach a noticeable performance for heat transfer rate since 
these fluids have a high delivery rate.

Unstable heat transfer rates for HTF1 and HTF2 at pump-
ing speed 500 – 1100 RPM are observed. As the viscosity 

and density for these fluids fall at temperature 200  °C, it 
makes the slip increased, which causes the heat transfer 
rate of HTF1 and HTF2 less stable in that speed range. In 
contrast, lubricant-based HTF tends to be able to main-
tain heat transfer stability at the same speed. Apart from 
the stability of heat transfer, HTF-based fluids have a better 
thermal performance compared to lubricant-based fluids. 
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information related to the relationship between the ther-
mophysical properties of HTF and pumping performance, 
more in-depth research is still needed relating to fluid flow 
analysis, especially to study the type of fluid flow under cer-
tain pumping conditions associated with the properties of 
the fluid used. The use of an effective pump can increase the 
heat transfer rate, which in turn can maximize the overall 
efficiency of the heat transfer system.

NOMENCLATURE 

F1 Flowmeter from the heat exchanger to the reservoir 
(ml/min)

F2 Flowmeter from the reservoir to gerotor assy (ml/min)
h Height of tubes (mm)
HTF Heat Transfer Fluid 
N1 Number of housing teeth
N2 Number of rotor teeth
nt Number of tubes
P1 Pressure gauge for gerotor pump (bar)
P2 Pressure gauge for submersible pump (bar)
Øp,i Inside diameter of PTFE tube (mm)
Øp,o Outside diameter of PTFE tube (mm)
Øs,i Inside diameter shell side (mm)
Øs,o Outside diameter shell side (mm)
Øt,i Inside diameter tube side (mm)
Øt,o Outside diameter tube side (mm)
Vr Volume reservoir at gerotor assy (ml)
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It is affected by the nature of HTF-based fluid, where the 
properties of these fluids are already designed to heat trans-
fer application. Under this circumstance, the slip coefficient 
decreases the overall thermal performance of the HTF-
based fluids at higher pumping speeds. Oppositely, the 
overall thermal performance for all lubricant-based fluids 
does not drop significantly as the pumping speed increased 
since the slip coefficient for these fluids is relatively lower 
than HTF-based fluids. Despite all that, all working fluid 
shows a satisfactory performance as heat transfer fluid.

CONCLUSION

The thermophysical properties of Heat Transfer Fluid 
(HTF) influence the pumping performance of the process 
pump. Delivery rate is directly related to the viscosity of 
the HTF. The increase in temperature of the working fluid 
makes the viscosity drop; it makes the delivery rate increase. 
Thermal Oil (AT–400), which has the lowest viscosity, can 
reach the highest delivery rate at 40, 140, and 200 °C with 
delivery rate    229, 265, and 325 ml/min, respectively. As the 
viscosity increased from smooth fluid, oil SAE 30, oil SAE 
40 and oil SAE 50, the delivery constantly decreased which 
oil SAE 50 has a delivery rate of 49, 69, and 91 ml/min since 
it has the highest viscosity. It is clear evidence that fluid 
with lower viscosity has a better delivery rate. Changes in 
thermophysical properties due to temperature increases 
also affect the slip coefficient. As the temperature rises, the 
fluid’s density and viscosity decrease and make the slip coef-
ficient increase. It is observed from Thermal Oil (AT–400) 
with the highest slip coefficient at 0.31, where oil SAE 50 is 
0.11. As the effect of slip coefficient, volumetric efficiency 
is reduced significantly for Thermal Oil (AT–400) where 
at temperature 200 °C and pumping speed 400 RPM, the 
volumetric efficiency of the pump drops to 69% where oil 
SAE 50 able to maintain a noticeable volumetric efficiency 
up to 89%.

Eventually, the effect of thermophysical properties of 
the working fluid on pump performance impacts the heat 
transfer rate of the system. The highest heat transfer rate is 
obtained by Thermal Oil (AT–400) and Smooth fluid (SF-
05), though it is mainly affected by the nature of the fluid 
itself as heat transfer fluid. However, the slip coefficient of 
the pump for Thermal Oil (AT–400) and Smooth fluid (SF-
05) is relatively high, which leads to an unstable heat trans-
fer process from the fluid to the thermal load. For the others 
fluid, oil SAE 30, SAE 40, and SAE 50, stable heat transfer 
rates are observed since the pump can reach a suitable volu-
metric efficiency. This study provides essential information 
on the relationship of fluid properties with pumping per-
formance on heat transfer rate in convective heat transfer 
systems. It can use as a reference to understand the effect 
of working fluid on pumping performance for a high-tem-
perature process pump in a convective heat transfer system. 
Although the results of this study can provide important 
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