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Oil drag loss in oil-flooded, twin-screw
compressors

Suraj Abdan1,2 , Nikola Stosic1 , Ahmed Kovacevic1,
Ian Smith1 and Neeraj Asati2

Abstract
Rotary twin screw compressors are widely used because of their high efficiency and reliability. Their most common mode of

operation is as oil-flooded machines when delivering air and gases at moderate pressures and flow rates. In order to achieve

the best performance, it is essential to be able to predict the optimum amount of oil, required for the oil injection process,

accurately. Analytical procedures for the design and performance estimation of twin screw compressors are well developed

and widely available, but the determination of oil drag losses, in oil-flooded machines is only guesstimated. This paper

describes a more detailed and accurate procedure for estimating oil drag loss, using a combined Couette-Poiseuille flow

model and gives the results of studies on three sizes of machines operating over a range of pressure ratios and speeds.

To this end, a parametric analysis has been developed based on a combined Couette-Poiseuille flow model and has been

used to estimate the individual effects of pressure ratio, the various clearances and the oil viscosity on the total drag

loss, for different sizes of the compressor. It can be seen from the results that at pressure ratios of up to 8.5, the drag

loss due to the discharge axial clearance gap is nearly 2/3rd of the total, while nearly 1/3rd is due to the radial clearance.

At normal operating speeds, the loss due to the interlobe clearance is insignificant, but as the pressure ratio increases, this

rises more rapidly than that due to the axial and radial losses. The gain in the drag loss due to greater oil viscosity becomes

more significant as the compressor size is increased. In larger machines, when clearance values are increased, the radial and

axial elements of the drag loss are reduced more rapidly than that due to the interlobe loss.
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Introduction

Approximately 15–20% of the world’s generated elec-
trical power is consumed in compressing air or gas,
while rotary oil-lubricated compressors account for
nearly 60% of the entire air compressor market.1

According to the IMARC Group (International Market
Analysis Research and Consulting), which is a leading
market research company that provides market and busi-
ness research intelligence across the globe, the demand
for those of the twin screw type, is likely to increase at
a Compound Annual Growth Rate of 5% from 2021 to
2026.2 Thus, even small improvements in their efficiency
can lead to a substantial reduction in carbon footprint.3

This gives a strong incentive to compressor designers to
further improve their product performance. Oil-flooded
twin screw compressors are growing in popularity
because of their higher efficiency and better reliability,
than reciprocating and turbo compressors at power
inputs, in the 7 kW–2 MW range.4 Hence, in applications
where air, gas and refrigeration compression processes are
required to deliver the working fluid at pressures of up to
approximately 15 bar, they are widely used.

Oil is injected into the compressor for three main
reasons, namely: to cool the compressed gas, to seal the
clearance gaps and to lubricate the rotors and bearings.
Although the cooling effect of the injected oil gives
them high isentropic efficiencies, the frictional losses
arising from the bearings, shaft seals and oil drag can
reduce the overall adiabatic efficiency, significantly, as
indicated by the Sankey diagram shown in Figure 1.

The elements that contribute to power loss within the
oil-injected, twin-screw air compressor are identified
as the bearings, the shaft seal, oil drag and the drive
system like the gear or belt drive mechanism4 and numer-
ous analytical, computational or numerical models are
available to quantify the mechanical loss from each of
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them. Consequently, prediction models in the form of
software tools for estimating and optimising their per-
formance are widely used for their design.

The power loss in anti-friction bearings can be predicted
with the use of popular models like those published by
SKF,5 and Harris and Kotzalas.6 These models quantify
the mechanical loss from bearings in two categories:
load-independent, that is, that due to viscous effects
arising because of lubrication, and load dependent due to
the load acting on the bearings. The suitability of these
models for cylindrical roller bearings which take radial
load is experimentally studied by Tu7 while Gradu8

presented experimental measurements of power loss in
tapered roller and angular contact ball bearings which
take the axial load. These experimental measurements are
compared with the predictions from SKF and Harris
model and are presented in the study by Abdan et al.4

A semi-analytical approach for the calculation of
contact temperature between the shaft and shaft seal is pre-
sented by Frölich et al.9 The authors proposed an empirical
approach for the calculation of friction between the shaft
and shaft seal. Experimental measurements of the influence
of elastomeric lubricant combination on the operating per-
formance of radial shaft seals are presented by Engelke
et al.10 with an algorithm to estimate the seal frictional
loss. A method is proposed to calculate the radial shaft
seal power loss, which is the combination of iterative and
semi-analytical approaches.11

The injection of oil can substantially change the thermal
efficiency of the compressor and with the optimum choice
of the oil viscosity, its injection position, temperature, and
its uniform distribution within the compression chamber,
the highest mass flow rate and compression efficiency can
be achieved. The optimum level of these parameters
depends on different operating conditions like tip speed
and pressure ratio under which the compressor is running.
However, an excess amount of oil can lead to undesirable
frictional and momentum losses that lead to increased
power consumption as presented by Deipenwisch and
Kauder.12 Gräßer et al.13 presented an analytical model of
the incompressible single-phase flow of auxiliary/lubricat-
ing fluid through the clearances in screw machines, expan-
ders as well as compressors. The paper also presents the
effect on power arising due to the frictional effects on the
surface of the rotor due to drag arising in radial and axial

clearances, however, drag arising in the interlobe clearance
is not analysed. A comparison of the thermodynamic poten-
tial of clearance sealing and an opposing effect of frictional
losses for liquid injected screw expanders is presented by
Gräßer et al.14 Even though the sealing of the radial clear-
ance shows potential improvement in the thermodynamic
performance, the frictional losses are negligible.
However, the higher frictional losses are envisaged in
axial clearance with marginal advantage in the performance
as presented by Gräßer et al.14 The relation between clear-
ance sealing and frictional loss for liquid-flooded screw
expanders in radial and axial clearances is shown in
Gräßer et al.15 An analysis presented in the study explains
the considerable effect of radial and interlobe clearance
on the thermodynamic performance and not so because of
the axial clearance and blow hole. It also compares and
recommends the preferential use of liquid-flooded and dry
expanders for different operating speeds. To understand
the effect of liquid injection temperature, the water and
oil viscosities are varied with respect to temperature. With
this analysis, it was observed that the variable water viscos-
ity does not influence the hydraulic isentropic efficiencies.
In contrast, the variable oil viscosity does influence the
hydraulic isentropic efficiencies. Amultiphaseflow compu-
tational fluid dynamics simulation model for hydraulic
loss mechanism in a screw compressor is presented by
Vasuthevan et al.16 The effect of the amount of oil injected
and the rotation speed of the rotors on the hydraulic loss is
estimated by simulating a 2D geometry of a rectangular
contour. From their simulation analysis, the authors have
concluded that the hydraulic loss increases both with the
increase in tip speed and increase in the oil injection flow
rate. However, the hydraulic loss due to the increase of
oil flow rate is linear and proportional to the rate of oil
flow, whereas that due to the increase in speed is propor-
tional to the tip speed squared.

Basha et al.17 conducted experimental studies to under-
stand the effect of oil injection on twin-screw compressor
performance. The size of the compressor studied was suit-
able for 22 kW power input. The parameters analysed
during the experimentation were working fluid mass
flow rate, the shaft speed, the injection position and the
injected oil temperature. It is concluded from the study
that at discharge pressures of 6.5 and 8.5 bar, the shaft
power consumption increases with the increase in oil
injection flow rate. This indicates that the increase in
shaft power could be because of an increase in drag
loss. Another experimental investigation was carried out
by He et al.18 on a 75 kW compressor with a male rotor
size of 178.5 mm. The experiments were carried out to
understand the effect of oil flow rate on volumetric
efficiency, adiabatic efficiency and specific power con-
sumption. Although the volumetric efficiency increases
continuously with respect to oil injection flow rate, the
specific power consumption remains almost the same
for the same range of oil flow rate. Simultaneous analysis
of these two effects with respect to oil flow rate indicates
that the shaft power consumption increases with the
increase in oil flow rate.

Figure 1. Sankey diagram of power loss.
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Although a number of computational studies are avail-
able, a simple analytical model for the prediction of oil
drag loss in screw compressors is missing. The analytical
approach has an advantage over the numerical approach
in that the calculation times are much shorter and the phys-
ical laws, which can enable a better understanding of the
flow processes, are clearly visible. The literature also
lacks the quantification of drag loss through different clear-
ance paths within the compression chamber. This is nor-
mally only guesstimated. In the case of the clearance
gaps, oil is sheared between the clearance between the
rotor tip-housing (radial clearance), rotor-rotor (interlobe
clearance) and rotor end face-housing (discharge axial
clearance), as shown in Figure 2. This causes drag, which
contributes considerably to the power loss, and, therefore
needs to be quantified in order to obtain amore accurate per-
formance prediction and to optimise the design. This paper
describes an analytical model for the prediction of the drag
loss caused by the oil and also includes a parametric ana-
lysis of how it is affected by the compressor size, rotational
speed, pressure ratio, oil viscosity and clearance size.

Modelling of drag loss

The cooling effect caused by the injection of oil within the
compression chamber helps to achieve near isothermal
compression, thereby reducing the power consumption.
Another benefit realised from the injection of oil is the
lubrication of the contact surfaces between the rotating ele-
ments including both the rotors and the bearings; and the
rotating to stationary elements like the shaft seal. Even
though the various clearance gaps are sealed with oil, as
mentioned in the previous section, bringing another desir-
able effect, the injection of oil also creates a path for the
shearing of the oil. Ultimately, these clearances, and
leakage flows through them, cause the drag loss to increase
the power consumption. In order to obtain high efficien-
cies, the clearance gaps must be as tight as possible.
However, these are limited by machining and dimensional
tolerances and the need for easy assembly.

The oil flow through the clearance gaps is subject to drag
forces, due both to inertia, and pressure-induced flow. The
inertia force is created by the rotation of the rotors which is
transferred to the adjacent layers of fluid. The differential
pressure force generated by the progression of the rotors
also acts on the fluid present in the clearance gaps. It acts
in the opposite direction to that of the inertial force.
Accordingly, a combined Couette-Poiseuille model has
been used for modelling the oil flow through them and
the resulting velocity profile for this is shown in Figure 3.

The abscissa at the ordinate value of zero indicates a
stationary boundary corresponding to either the housing
or the relative rotor position, while the abscissa at the
ordinate value ‘h’ indicates a moving rotor boundary.
The dashed line with velocity values of zero at the top
and bottom plane indicates the velocity profile for
pressure-induced flow only, while the dashed linear line
with velocity ‘V’ at the top plane indicates the velocity
profile for drag flow. The resultant velocity profile for
combined drag and pressure-induced flow is as shown
by a continuous line indicated by u(y).

The analytical model developed was based on the
following assumptions:

• The planar representation of Couette-Poiseuille flow is
considered

• The pressure gradient remains constant across all clear-
ance gaps

Figure 2. Leakage pathways through a screw compressor.

Figure 3. Couette-Poiseuille velocity profile.
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• The flow is steady with the clearance gaps completely
filled with oil

• The fluid is incompressible and Newtonian with con-
stant properties

• There is no flow in the y and z direction

The supporting reason for the assumptions of planar
representation for radial flow is that the curvature radius
of the housing is three orders larger than the clearances
maintained. Also, because of the relatively high viscosity
of oil and characteristic lengths (clearances) of the order
of micrometres, the flow will be always laminar in the
clearance gaps. Using the conservation laws for mass
and momentum with boundary conditions at the rotor
tip and housing inner surfaces, the velocity profile takes
the following form:

u = Vy

h
+ 1

2μ

dp

dx
(y2 − hy) (1)

After substituting this velocity profile in the shear stress
equation, the shear stress can be calculated as

τ = μV

h
+ h

2

dp

dx
(2)

Ultimately, the torque required to overcome the shear
stress and power loss is given by

T = τAr P = 2πNT

60
(3)

A reasonable agreement on the assumption of a constant
pressure gradient can be made because of the relative dom-
inance of the Couette flowover the Poiseuille flow. It can be
seen from the shear stress formula given in equation (2) that
the micrometre order clearance gaps, on the one hand, bring
down the effect of pressure gradient and on the other hand it
increases the effect of inertial forces. The shear areas (A) for
radial, axial and interlobe clearances are defined separately.
The top land surface area, which is the top land width times
the lead, on the rotor tip defines the shear area for radial
clearance. This shear area in radial clearance is shown in
Figure 4(a) as highlighted area on the outer diameter of
the rotor. For high-pressure side axial clearance since the
velocity boundary condition changes radially, the tip vel-
ocity at pitch circle radius and circular area at pitch circle
of the rotor is considered for the calculation of shear
stress and frictional torque. Because of the non-symmetric
profile of the rotor on the end face, the circular area at the
pitch circle is considered the shear area. The highlighted
annular area on the end face of the rotor as presented in

Figure 4. Representation of shear areas. (a) Shear area in radial clearance. (b) Shear area in axial clearance. (c) Shear area in interlobe

clearance.

4 Proc IMechE Part E: J Process Mechanical Engineering 0(0)



Figure 4(b) indicates the area defined for shearing in the
axial clearance. For defining the shear area for the interlobe
clearance, the area at which shear stress acts is the sealing
line length times the clearance length. The sealing line
length is shown in Figure 4(c) while the clearance length
which is the width of the top land of the rotor is indicated
in Figure 4(a). The sealing line length is calculated by plot-
ting the male–female rotor contact points locus during one
revolution. This arc length of this locus is then calculated
numerically and can be obtained from DISCO (Design
Integration for Screw COmpressors), a design software
tool, developed by City, University of London researchers.

These equations were then used to calculate the drag
losses in three sizes of oil-injected air compressors. These
all had a 4/5 (male/female) rotor lobe combination and
were designed for the following power inputs, namely:

15–30 kW (size 1), 37–55 kW (size 2), and 75–160 kW
(size 3).

In these calculations of drag loss, the oil viscosity was
assumed to be 9 cSt, while the oil density was assumed to
be 850 kg/m3. The clearances considered for each size of
the compressor are presented in Table 1.

GAPR represents radial clearance gap, GAPA repre-
sents axial clearance gap while GAPI represents interlobe
clearance gap.

Results and discussion

The results from the analytical model of drag loss are given
for the three compressor sizes in this section. The effect
of speed variation on each of the drag loss components is
shown in Figure 5(a) to (c) for the size 1, 2 and 3 compres-
sors, respectively, when operating at a pressure ratio of 8.5.

For all three compressors, the axial drag loss element
contributes nearly 2/3rd of the total drag loss, radial
drag loss element contributes to the remaining 1/3rd
part while drag in the interlobe clearance is very low.
Relatively high drag loss in the axial clearance on the dis-
charge end of the compressor can be attributed to the fact
that the shear area and pressure gradient are high as com-
pared to the radial and interlobe elements of the drag loss.

Table 1. Clearance values (mm) for size 1, size 2 and size 3

compressors.

GAPR GAPA GAPI

Size 1 0.032 0.032 0.032

Size 2 0.035 0.035 0.035

Size 3 0.040 0.040 0.040

Figure 5. The effect of different sizes of the screw compressor on drag loss elements with respect to speed. (a) Size 1 compressor.

(b) Size 2 compressor. (c) Size 3 compressor.
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This is analogous to experimental observations that the
axial gap on the discharge side of the compressor has
the largest effect on the volumetric flow rate.

Parametric analysis

A parametric analysis was carried out to determine the
effect of pressure ratio, oil viscosity and clearance values
on each of the elements that make up the total drag loss.

Effect of pressure ratio on elements of drag loss
Losses from operation at pressure ratios (π) of 8.5, 10 and
12.5 were estimated for the size 2 compressor over a range
of speeds. The effect is shown for each of the elements of
the drag loss in Figure 6(a) to (c). As can be seen, the
radial and axial elements of the drag loss increase non-
linearly with speed, whereas the increase of the interlobe
element with speed is linear.

It can also be seen that the effect of pressure ratio has a
very marginal effect on the radial and axial elements of
drag loss, resulting in a 0.1–2% rise in drag loss, for a
change of pressure ratio from 8.5 to 12.5. However, for
the same pressure ratio range, the interlobe element of
drag loss shows an increase in drag loss of 6–14%.

An increase in compressor power with the increase in
pressure ratio is the addition of adiabatic power and
total loss due to bearings, oil drag, seal and windage.

The relative contribution of the bearings in the power
loss, with respect to the pressure ratio, is highest while
that of the other elements is not so significant.11

Effect of oil viscosity on total drag loss
More viscous oil generates more resistance to the flow and
higher losses. The analysis confirms that the total drag
loss increases at higher oil viscosity as shown in
Figure 7. This agrees with real-life behaviour, but it can
be seen that the percentage rise in drag loss is more sig-
nificant for larger compressors.

Due to the selection of different clearance gaps for the dif-
ferent sizes of the compressor, the leakage areas available for
shearing of oil are different. The same isobserved inFigure 7
where the relatively larger leakage areas that are required for
the bigger sizes of compressors result in higher losses.

Effect of different clearances on elements of drag
loss
The effect of different clearances on the drag loss in the
radial, axial and interlobe elements, for the size 2 com-
pressor, is shown in Figure 8(a) to (c), respectively,
when operating at a pressure ratio of 8.5. As can be
seen, the change in clearance has more impact on the
radial and axial elements of drag loss than on the interlobe
element. Both, the radial and axial elements show a

Figure 6. Effect of pressure ratio on drag loss with respect to speed for size 2 compressor. (a) Radial clearance. (b) Axial clearance.

(c) Interlobe clearance.
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reduction in drag loss of almost 25% when the respective
clearance is increased from 0.030 to 0.040 mm. However,
the interlobe element of drag loss is reduced by only 10%
when its clearance increases from 0.030 to 0.040 mm.

Conclusions

An analytical model has been developed to calculate the
drag loss in an oil-flooded, twin-screw compressor using

a combined Couette-Poiseuille model. The model pro-
posed has been used to estimate the contribution of differ-
ent elements of the drag loss for different size machines
over a range of operating conditions. The study also
includes a parametric analysis to understand the effect
of pressure ratio, tip speed, oil viscosity and clearance
on drag loss. The following conclusions can be drawn
from this study:

• Drag loss in the discharge axial clearance gap is nearly
2/3rd of the total drag loss, and nearly 1/3rd in the radial
clearance while drag loss due to the interlobe clearance
is very low.

• As the pressure ratio increases, the percentage increase
in the interlobe element of the drag loss is higher than in
the other two elements.

• As the oil viscosity is increased, the total drag loss in
larger compressors increases more rapidly than in
smaller compressors.

• As the clearances are increased, the radial and axial ele-
ments of the drag loss are more significantly reduced
than the interlobe element of the drag loss.
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Appendix

Notation

A shear area (m2)
h total/radial clearance gap (m)
N rotational speed (rpm)
P pressure (Pa)
r radius (m)
T torque (Nm)
u, v and w velocity (m/s)
V tip speed (m/s)
x, y and z spatial coordinates

Greek symbols

μ dynamic viscosity (Ns/m2)

π pressure ratio
τ shear stress (N/m2)
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