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Comparison of  
Coolant Pump Concepts  
for Batterie Electric Vehicles



Temperature control of the battery cells is a key prerequisite for high-speed charging rates and long service 

lives of traction batteries. Cells can be cooled more effectively by circulating dielectric cooling media directly 

around them than by using base plates through which water-glycol mixtures flow. The physical properties  

of dielectric media and the high demands on energy efficiency require a different design of coolant pumps. 

This prompted SHW to investigate and evaluate possible alternatives to the centrifugal pumps used so far. 

g  Significant amounts of heat must 
be dissipated to the environment via 
the cooling system and/or  conveyed 
to the traction battery and the vehicle 
cabin for temperature control in inter-
nal combustion engine vehicles as well 
as in  battery and fuel cell electric vehi-
cles. Single-stage Centrifugal Pumps 
(CPs) are predominantly used for this 
purpose due to the relatively high flow 
rates and limited delivery pressures 
and now are almost exclusively driven 
electrically with variable speed control. 
Water-glycol mixtures are proven cool-
ants for combustion engines as they 
offer ad  vantageous properties regard-
ing heat capacity, thermal conductiv-
ity and density. They are now also 

used for battery electric vehicles. 
In order to further reduce the time 

required for fast battery charging and  
to avoid accelerated ageing of the trac-
tion batteries due to excess temperatures, 
manufacturers are working with alterna-
tive concepts for the temperature control 
of the battery. One option is to no longer 
cool the cells by coupling them to a base 
plate in the battery through which the 
cooling medium flows (drain cooling), 
but by using a cooling medium which 
circulates directly around the cells (im -
mersion cooling). 

A prerequisite for the practical imple-
mentation of this direct cooling concept 
is the use of dielectric (non-conductive) 
liquids (heat transfer oils). These cool-
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ing media are low-viscosity hydrocarbon 
compounds with densities up to 30 % 
lower than water-glycol mixtures, sig-
nificantly lower thermal conductivity, 
and significantly lower heat capacities. 
As a result, the volumetric flow rate 
must be approximately doubled in rela-
tion to the desired cooling capacity [1]. 

In contrast to positive displacement 
pumps (gear, screw or vane pumps),  
CPs have a linear rela tionship between 
the density of the fluid to be pumped 
and the discharge pressure that can  
be achieved at a giv  en pump speed.  
For this reason, a CP designed for 
water-glycol mixtures only achieves 
around two thirds of the delivery pres-
sure when pumping dielectric coolants  
at the same speed. This central fact of 
CPs makes the use of variable speed, 
electrically driven positive displace-
ment pumps particularly interesting  
for transporting low-density cooling 
media due to the greater independence 
between delivery pressure and volu-
metric flow rate. This article presents 
examples of various electrical pump  
concepts that could be used in tempe-
rature control systems of traction bat-
teries in electric vhicles. It presents, ex -
plains, and evaluates the results of hy -
draulic measurements of several pumps 
on the test bench.

CENTRIFUGAL PUMPS

CPs are currently used almost exclu-
sively as coolant pumps in automotive 
applications. CPs are turbomachines in 
which the kinetic energy of the rotating 
impeller is converted into the hydraulic 
energy (flow rate and pressure) of the 
fluid being pumped. According to the 
applicable similarity relationships of  
CPs, the driving torque of the pump 
increases quadratically with respect  
to delivery pressure (delivery head) 
while the driving power increases to  
the third power with respect to the  
pump speed [2]. Conventional single- 
stage CPs, FIGURE 1, used for pumping 
cooling media in cars can achieve an 
efficiency of approximately 70 % in  
relation to the mechanical driving  
power at the nominal operating point 
(nnom., Vnom.). 

When pumping low-density media 
and/or for high delivery pressures,  
it is also possible to design multi-

stage CPs, however with increased 
dimensions, costs and possible losses  
in efficiency.

GEAR PUMPS

Gear pumps are positive displacement 
pumps that are designed either as Ex -
ternal Gear Pumps (EGP), FIGURE 2, or  
as Internal Gear Pumps (IGP), FIGURE 3. 
If consequently designed, they can 
achieve a high efficiency over a wide 
speed range. Apart from leakage losses 
and the effects of cavitation, the flow  
rate is generally proportional to the 

angular velocity and substantially less 
dependent on the delivery pressure  
than the CP. Leakage losses only be -
come proportionally significant in re -
lation to the flow rate at low speeds  
and high delivery pressures, where 
the volumetric efficiency – the ratio 
between the actual and theoretical 
flow rate minus leakage losses – falls 
off more or less substantially. 

Compared to vane pumps, the tribo-
logical interaction between the moving 
components is more favorable, so that 
in principle, gear pumps can also trans-
port media with comparatively poor lu -
bricity, such as low-viscosity cooling me -
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FIGURE 1 Illustration of  
a centrifugal pump  
(© SHW Automotive)

FIGURE 2 Illustration of  
an external gear pump  
(© SHW Automotive)
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dia when designed suitably. IGP and EGP 
have two or more gear wheels that are 
meshed into one another and rotatably 
mounted with tight clearances in a hous-
ing equipped with pressure and suction 
ports. By rotating the pump shaft, the 
medium transporting pockets formed by 
the tooth gaps of gears and the housing 
walls are filled with fluid and moved 
from the suction side to the discharge 
side. The meshing of the teeth prevents 
the backflow of fluid from the pressure 
side to the  suction side. 

In order to prevent cavitation, the 
axial lengths and maximum operating 
speeds of the IGP are limited due to the 
axial filling of the transporting pockets 
through the suction kidney. In contrast, 
the EGP’s medium transporting pockets 
are radially filled, which allows a consid-
erably longer axial length and therefore  
a trimmer design.

SCREW PUMPS

The Screw Pump (SP), FIGURE 4, is a 
 special type of EGP. In these pumps, 
the meshing gears are strongly inclined 
along the axis of rotation and thus take 
the form of threaded screws. The axial 
forces resulting from the helical gear 
thread are offset by axial thrust bear-
ings either between spindles themselves 
and/or to the pump housing. Fluid deliv-
ery is continuous in the axial direction 
without significant  pulsation. SPs can 
be designed with two and three spin-
dles. The slim design of the spindles 
offers a small  friction radius and the 
good tribolo gical characteristics enable 
high mechanical efficiency as well as  
a high overall efficiency. However, the 
long linear sealing line between the 
transporting pockets demands high 
 geometric precision of the spindles as 
well as low component tolerances of 
both spindles and housing which re -
sults in a significant cost disadvantage  
in terms of large-scale production.

MEASUREMENT OF THE 
VARIOUS PUMP CONCEPTS  
ON THE TEST BENCH

The mechanical power required to drive 
the pump as well as its efficiency essen-
tially determine the weight, size and cost 
of the overall pump and in the case of 
electric pumps, the dimensions of the 

electric motor and the power  electronics 
as well. This perspective forms the start-
ing point for test bench measurements 
on a selection of various pumps with 
comparable delivery rates which are suit-
able for pumping dielectric fluids. The 
selection includes an EGP, an IGP, an SP 
and a CP. 

The pumps were mounted with the 
same conditions sequentially on the  
test rig and operated at 3 bar. The flow 
rate and driving torque were measured 
in each case as a function of the driv-
ing speed. FIGURE 5 shows an example  
of the setup used to measure the CP  
on the test rig. 

The delivery pressure difference is 
determined from the recorded values 
of the pressure sensors located close 

to the suction and discharge ports, 
while the delivery flow rate is mea-
sured using a Coriolis mass flow sen-
sor with low pressure loss. The test rig 
offers an adjustable medium tempera-
ture  control from 20 to 130 °C as well 
as  precise torque and speed logging. 
The sensor signals are recorded using 
a data acquisition system and then  
visualized in the desired form for eval -
uation and analyses. 

FIGURE 6 shows the results of the mea-
sured pumps at 30 °C and 3 bar discharge 
pressure. The tested positive displace-
ment pumps (EGP, IGP SP) achieve con-
sistent high overall efficiency at low 
speeds. Except for the SP, the overall effi-
ciency of these pumps drops significant  ly 
at higher speeds due to increasing fric-

FIGURE 3 Illustration of  
an internal gear pump  
(© SHW Automotive)

FIGURE 4 Illustration of a  
screw pump (three spindles) 
(© SHW Automotive)
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tional power loss and when approaching 
the starting point of cavitation. The over-
all efficiency of the SP remains visibly 
high, over 65 %, up to 8000 rpm due to 
the considerably smaller friction radius 
of the thin spindles. 

The tested CP was designed for wa  ter-
glycol mixtures and exhibits low overall 
efficiency at low speeds compared to the 
positive displacement pumps. It then rises 
steadily with increasing speed to a max-
imum value of 55 % at 7500 rpm. The 
maximum delivery pressure difference 
at 8000 rpm of only 2 bar is due to the 
low density of the transported medium. 

Increasing the maximum pressure to 
3 bar is obtainable by modifying the de -
sign, for example, an impeller with low 
specific speed (nq) or with a two-stage 
design. However, an increase in the over-
all efficiency is not expected. As long  
as the starting point of cavitation for the 
respective pump is not reached, the pres-

sure pulsation of the four pumps exam-
ined remain at acceptable levels.

SUMMARY AND OUTLOOK

A number of car manufacturers are in -
vestigating direct cooling of the battery 
cells using heat transfer oil to realize 
very short charging times of traction bat-
teries in electric vehicles. The signifi-
cantly lower density and the enhanced 
lubricating properties of dielectric fluids 
as compared to water-glycol mixtures, 
result in modified boundary conditions 
for the conceptual selection and design 
of electrical cooling pumps. 

Due to the physical principles of their 
design, (single-stage) centrifugal pumps 
can only achieve higher pressures and 
efficiency at high speeds, that is, when 
approaching the nominal working point. 
In contrast, positive displacement pumps 
deliver high pressures at low speeds 

with high overall efficiencies. However, 
the efficiency of gear pumps drops off 
more or less  dramatically with increas-
ing speeds depending on the concept and 
design of the pump. 

In comparison, screw pumps can de -
liver high overall efficiencies over a wide 
speed range with good acoustic proper-
ties. The  reasons for this lie particularly 
in the small friction ra  dius due to a small 
 spindle diameter and the continuous de -
livery of the medium. The major disad-
vantages of this design are the poor scal-
ability with regards to flow rates as well 
as the high requirements on the geomet-
ric precision (tolerances) of the spindles 
in relation to each other and to the hous-
ing around the spindles. This is due to 
the long linear sealing zone between the 
spindles and makes it much more diffi-
cult to use cost-effective plastic parts. 

Under the condition that car manu-
facturers, when using dielectric fluids, 

FIGURE 5 Test setup for measuring the pumps on the test rig (© SHW Automotive)
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require delivery pressures where sin-
gle-stage centrifugal pumps reach their 
conceptual limits, it is worthwhile to 
investigate the optimization potential 
of conventional positive displacement 
pumps in more detail. A report on the 
results of these optimization steps is 
planned for a follow-up article.
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FIGURE 6 Comparison of the delivery characteristics at 3 bar delivery pressure; pumped medium: heat transfer oil: 2.8 cSt and 30 °C; density: 778 kg/m³  
(© SHW Automotive)
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