-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by City Research Online

Rane, S., Kovacevic, A. & Stosic, N. (2016). CFD Analysis of Oil Flooded Twin Screw
Compressors. Paper presented at the 23rd International Compressor Engineering Conference, 11-
14 Jul 2016, Indiana, USA.

CITY UNIVERSITY City Research Online
LONDON

FST 1894

Original citation: Rane, S., Kovacevic, A. & Stosic, N. (2016). CFD Analysis of Oil Flooded Twin
Screw Compressors. Paper presented at the 23rd International Compressor Engineering
Conference, 11-14 Jul 2016, Indiana, USA.

Permanent City Research Online URL.: http://openaccess.city.ac.uk/15130/

Copyright & reuse

City University London has developed City Research Online so that its users may access the
research outputs of City University London's staff. Copyright © and Moral Rights for this paper are
retained by the individual author(s) and/ or other copyright holders. All material in City Research
Online is checked for eligibility for copyright before being made available in the live archive. URLs

from City Research Online may be freely distributed and linked to from other web pages.

Versions of research
The version in City Research Online may differ from the final published version. Users are advised

to check the Permanent City Research Online URL above for the status of the paper.

Enquiries
If you have any enquiries about any aspect of City Research Online, or if you wish to make contact
with the author(s) of this paper, please email the team at publications@city.ac.uk.


https://core.ac.uk/display/76981815?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk

1023, Page 1
CFD Analysisof Oil Flooded Twin Screw Compressors
ShamRANE*, Ahmed KOVACEVIC, Nikola STOSIC

City University London, Centre for Compressor Technology,
London, EC1V OHBUK
sham.rane@city.ac.uk

* Corresponding Author

ABSTRACT

Modelling of screw compressors using Computational Fluid Dynamics (GF&%¥ better insight into the working
chamber of twin screw machines when compared with chamber modedbovn by authors in earlier publications,
CFD models predict performance of dry gas and refrigeration compréasigraccurately. However numerical flow
models used for modelling of oil flooded twin screw compresserstil at the development stage. This is mainly
due to the lack of understanding of the flow complexity and the iads used for solving coupled equations that
represent interactions between the gas and the oil in such machines

This paper presents the modelling approach used for calculation of themazerée of an oil flooded screw
compressor. It requires a structured numerical mesh which can representiali parts of the compressor in a single
numerical domain. Such mesh is generated by SCBRGing novel boundary distribution technique called casing-
to-rotor conformal boundary mapping. A test oil injected twin screw cessor with rotor configuration 4/5 and 127
mm main rotor diameter was measured in the compressor rig of the @@n€@empressor Technology at City
University London. Measurements of the chamber pressure histigtagral parameters of the compressor such as
mass flow rate of gas and oil, indicated power and temperatures ar®ugexicomparison with CFD results. The
analysis showed a close match in the prediction of the mass flow ra&s. Gihg indicated power obtained by CFD
predictions matched well with the measured shaft power. The modétigdoan exceptional visualization of the
interaction of gas and oil inside the compression chamber. The mixihg phases, distribution of oil, heat transfer
between gas and oil and also effects on sealing due to high oil conceritvd¢éiakage gaps were well captured.

1. INTRODUCTION

Qil is injected into the working chamber of twin screw compressorslynminthree reasons. The main reason is to
control the gas temperature during the compression. For high pressosebetween the suction and the discharge
the temperature rise in the absence of internal cooling may be significacdraresult in thermal deformation of the
rotors and the casing, eventually leading to seizure. Since earlytimesiopted practice for twin screw compressors
and many other positive displacement compressors is to inject oil dotfgression chamber for coolirgecondly,

the injected oil reduces clearance gaps in the working chaméezbyhimproving volumetric efficiency. Thirdly, the
injected oil lubricates rotors and bearings. The rule of thumb in smyewressor industry is that oil contribution by
mass to cooling, sealing and lubrication is in the proportion aflDOD respectively. Although oil injection has several
benefits and is essential for functioning of the compressor, the preseoitédhas negative effects. Being of high
viscosity, the shear of oil in clearances contributes to the additional nieaiHasses. The bulk of the oil with density
several orders of magnitude higher than the compressed gas hasvahightum and consumes some of the input
power during injection and transport through the chamti@efpenwisch and Kauder (1999) used a mathematical
model for predicting oil induced losses in twin screw compreshorsrsin Figure 1 as a representative of contribution
of the losses associated with oil injection in a typical screw compresaonaé rotor tip speed of 35 m/s. As such,
oil injection needs to be controlled so that optimum quantity of oil is asddnaximum effectiveness is achieved.
90% of the oil is injected through the oil ports that are timed accuratelyhgittompression cycle such that for the
given injection pressure and compressor internal pressure the desired/gqiiaiitinass moves into the compression
process.
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If the oil temperature is very close to the gas temperature at injection pairthére will be low convection; if the
oil temperature is very low compared to gas temperature then due to a shemnaediche in the compression
chamber, the heat transfer will continue in the discharge port thus ingrézesinad on the oil cooling heat exchanger
downstream, without any benefit inside the compression chambereljusged to develop a computational model
that can provide a complete description of the flow process inside the oil floodgatession chamber for its design
and optimisation.
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Figure 2: QOil injection ports and injection angle on a compression volume curve

Oil Injection Angle

CFD can provide a useful means of modelling the oil injection artty $he physical phenomenon in detail in order
to understand the complete behaviour of oil flooded twin screw cosguseKovacevi¢ (2002, 2005) successfully
used an algebraic grid generation method with boundary adaptation anéhitemstferpolation which has been
implemented in the program SCORG. Kovacevi¢ et al (2007) have reported CFD simulations of twin screw machines
to predict flow, heat transfer, fluid-structure interaction, Etevacevic¢ (2002) also reported a test case study of an oil
injected compressor using source terms in transport equationsseigneggated pressure based solver. Vande Voorde
et al. (2005) used an algorithm for generating block structured meghthe solution of the Laplace equation for
twin screw compressors and pumps using differential metiRemrts on analysis of dry air screw compressors and
twin screw expanders with real gas models are available in literatimg these techniques (Papstsal, 2013)
Recently, Arjenetet al (2014) have presented the analysis of flow through the suctivrfparscrew compressor
with water injection. It was reported that it was difficult to stabilize the sohaefuti 3D analysis with both deforming
rotor domains and multiphase models. Although several attempidban made in the recent past to extend the CFD
technology to oil injected compressors, it has proven to be difficultHieae the desired grid structure and the
modelling conditions that can provide stability to the numerical solvers. Raié&)(in his thesis proposed a new
analytical approach for grid generation that can independently refine tHebrteegion of the screw rotors. It was
demonstrated that such grid refinement improves the prediction sxf fieav rates. The same algorithm has been
extended to produce a rotor grid that eliminates the interface betweeontos® and thereby providing a desirable
grid for oil injected or multiphase modelling. An attempt has been made inmgkenped work to utilize the latest
developments in CFD technology for modelling oil injected twin screwpcessos.
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2. APPROACHES FOR MODELLING OIL INJECTION IN SCREW COMPRESSORS

2.1 Thermodynamic chamber model approach

Stosi¢ et al (1992, 2005) have presented an oil injected twin screw compmassial by considering the working
chamber, suction and discharge process as an open thermodynamic mysssnflow varying with time and gas
defined via equation of state. In such type of lumped parameter modefspditd are assumed to have a mean Sauter
diameter and the heat exchange between the spherical droplets and thecgasedtion can be balanced with the
droplet temperature rise. The differential form of this energy balandeeis gs Equation 1.

dToil — hoileil (Tgas - Toil) (1)

de WMy Cojy

Using,Nu = 2 + 0.6 Re®°Pr?33 | heat transfer coefficient for Stokes flow.
And integration of the equation gives the oil droplet temperature at each time step.
T . = Tgas -k Toil,p
ott 1+k
Toi1p is the oil droplet temperature at the previous time step.

k=L =2 with= Teilfel

At A6 hoitAoil
For a given mean Sauter diamefgrthe non-dimensional time constéanis
k = WM Coit _ wdscoil

hoileilAe B 6hoilA6

, being the non-dimensional time constant of the droplet.

If k tends to zero, the oil and gas temperatures will be equal, while fonfitites ofk, the gas and oil temperatures
will differ. The above described approach is based on the assumptionetiwditdinoplet time constantis smaller
than the droplet travelling time through the gas before it hits the rotorsorgcaall, or reaches the compressor
discharge port.

80—
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Figure 3: Oil injection modelling using chamber models

This means that the heat exchange is completed within the droplet restaeacthrough the gas during the
compression process. This prerequisite can be fulfilled by approgtiatézation of the injected oil which produces
sufficiently small droplet sizes producing sufficiently small droplet tooestant, as well as by choosing adequate
nozzle angle and to some extent the initial oil spray velocity. Figure 3 show®semative result of the gas and oil
temperature variation calculated using a multi-chamber thermodynameal.mod

2.2 CFD approach using sour ce term for mulations

Computational fluid dynamic solvers calculate the solution of the conservdtinass, momentum, energy and other
transported quantities by numerically integrating the governing transpodtions over the entire computational
domain. Equation 2 is the general transport equation in which the laststerrgeneric source term and can be
formulated in order to account for additional physicals effects that are ndtydirexdelled in the solver.
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0
—J-p(pd.(z + qubv.ndS = f]“grad ¢.ndS + J-q¢d.(2 2
at J, s s 0

where,2 is the volume of CV, S is the surface enclosing this &4 the unit vector orthogonal to S and directed
outwardspw is the fluid velocity inside CV in a fixed coordinate systenis fluid density and is time. Here, the
transient term represents rate of change of progeity CV, the convection term accounts for the net advective
transport ofp across surface S and diffusive transport is described by the grdtietie diffusivity for the quantity

¢ while g4 represents source or sink@fin the CV. In the approach of modelling oil injection using sotece
formulation, it is possible to model the thermal and sealing effe¢teedhjected oil while still calculating the main
flow field as a single gas phadeven in conditions where the mass of injected oil is 10 times tlss ofagas, the
volume occupied by oil to that of gas is in the order of 1:100cé&larpassive scalar transport equation can be solved
to model the distribution and mixing of oil in the gas. The numeralaés will solve for continuity of the gas, its X,

y and z momentum components and total energy equation while the phyfgictd ef oil injection will come from

q4 applied at the oil concentration regions calculated by passive scalar transga@tlected regions of the domain.

Thermal effect The source term formulation for energy equation is such that i§alsetemperature exceeds the
injection oil temperature, an energy sink will become active. The assumpttiia approach is that the heat transfer
between gas and oil is instantaneous and the mass of oil is stiffic@gh to completely get into thermal equilibrium
with the gas. This energy source can be limited to the rotor doraihdefined as in Equation 3.

= PCp (Tgas - Toil)v Gec = aaT{PCp( gas — Toil)} (3)

q. . is a source coefficient and is required in order to linearize the source ietdisdrequationd’,; is set at the oil
injection temperature. The source term is such that if the gas tempenatasgls oil injection temperature, heat is
removed from the computational céh this case a lower temperature limit source is required to stabilizelthies
process. Figure 4a presents the temperature field in the rotor dawairced by such an energy source formulation.
As seen the gas temperature is almost clipped to the oil injection tempenegtyehere in the domain after the
compression process begins. A careful calibration of such formulatiequired to get basic results such as pressure
rise and indicated power from the analysis. The accurate predictian tdrgperature rise and oil losses is challenging
and dependant on the calibration of the source term.

e
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Figure 4: CFD approach for oil injection with source formulations

Sealing effectA momentum source term in X, y, and z direction can be added tothertum transport equations
The formulation is presented in Equation 4 and it can be applied in the leakade geguce the velocity of the gas.

= Foulw, que= o {5 5 (ulw)
% £(|u| V), Quc= aav{; ;t (lu] U)} (4)
= Foulw), o= 5o {5 a(ulw)
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Cell volume parameter is utilized in order to mask the region that are in tlagéegips using a dynamic masking
function since the rotor domain is deforming and cell volumes matretime between the main domain and the
leakage gapshis method maynake the solver unstable with the increase in the discharge pressurereitth in
the higher pressure gradients across the gaps. An alternative apiprtmatentify cells in the clearance gaps and
modify the molecular viscosity of the gas such that it is close to thhe ®il. The increase in viscosity results into
the added flow resistance thus imitating the sealing effect of injeiitdthis method has a limit to which the viscosity
could be increased due to solver stability issues. Figustaihs the use of a local viscosity function. The resulting
influence on the flow rate is shown in Figure 4c. The improvéinghe air flow rate in comparison to a case without
viscosity function was observed but it was not sufficient to match theureraents. Similar to the momentum source
terms, the viscosity function affects solver stability when the incieaatificial viscosity exceeds 3-4 orders of the
gas viscosity.

2.3 CFD approach using M ulti-phase models
The complexity of the flow inside the compressor flow domainenakodelling challenging since variety of flow
regimes can occur within the process. The oil injection itself starésspray formation. Before or after breakup the
rotor surface is impinged with oil and oil film is formed. The finmows and spreads until the injection nozzle is cut-
off from the compression chamber by the rotors trailing lobes. Furtetion causes flooding on the chamber whose
volume is continuously reducing and squeezing the oil containeddén to capture all these effects a top level model
is required that can account for large changes in oil volume fractiorapitieable multiphase modelling treatment
depends on the phase coupling effects that are necessary to be acasuatedHown in Figure. 5

Crowe et al. (2006) has presented a deta

4 characterization of multiphase flow regimes b
5 One-way coupling: on the various coupling effects between
3 Conggﬁci)cl.llz-ﬂlu(;ﬂ;ﬂeds Q ! continuous and the dispersed phases. If the disg
o 2 (e.g., particle rotated by vortex) N\~ _/~" phase qua_mtity ?s very !oyv and the phase par
2 < are very fine with negligible momentum then
Two-way coupling: || compressed gas is treated as the continuous
Above plt;,s partic}r. ’[,‘“"?- affects ‘||‘ and oil droplets as particles in the Lagrangian fi
continuous-fiuid motion . . . . . .
2 (e.g., particle wake increases dissipation) '. with just one way coupling, i.e. oil will move w
3 < \. the flow and heat transfer between phases
g occur Such a computational model has
& Three-way coupling: |7 — transport equations fpr the_ gas phase and
Above plus particle disturbance of the fluid locally | mass org momentum (motion kinematics) equation for
i ¥ { . .
e o 2 e P e rume liquid phase that needs to be conserved. On the
end of the spectrum is the condition of heavily
Four-way coupling: flooded operationin addition to the oil droplstoil
Above pltl{s Pa?ig":;‘)"i;i“r affects ,--v'.v film on the rotor and housing will occur resulting
maotion of DO arlicles . . .
(e.g., particle rgﬂeclion) oil being dragged along with the compressed
p Under such conditions, Euleriar- Euleriar
i iy ® treatment for both the gas and oil phases is reg
Collision-dominated | High-frequency of collisions g o . .
3 flow (2.9, energetic flidzed beck) @ @ @ both can be continuous phases with en
3 < e momentum interphase transfer effects. Suc
3 v computational model is the most expensive an
Contact dominaled . pigh-fraquency of contact ﬁ.‘: five transport equations for each of the gas ar
(6.9., nearly settled beds) ® phases. The pressure field solution is shared t

\
two phases and the independent mome

equations can calculate relative slip and <
between the gas and oil.

In describing multiphase flow the concept of phase volume fractions is utilirechhase volume fraction represents
the space occupied by each phase in a computational cell in which case itirsdréigat conservation of mass,
momentum and energy is satisfied by each phase individually. &s EBulerian - Eulerian is the most accurate
treatment for any multiphase flow regime and is the necessary mdaelged for oil injected screw compressors. A
simplification of the Euleriar Eulerian approach is available for flows which have negligible slipdetthe gas
and oil phases and this homogeneous multiphase treatment shares a poessune as well as velocity field for both
the phases. In the presented work a non-homogeneous Eul&iderian treatment has been used.

Figure5: Flow conditions based on interphase coupling
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3. GRID GENERATION FOR OIL INJECTED SCREW ROTORS

By applying the principles of analytical grid generation through tratesfinterpolation with adaptive meshing, the
authors have derived a general, fast and reliable algorithm for automatic numeripaighaarbitrary twin screw
machine geometrie¥he procedure of analytical grid generation of screw machine wodkin@in is explained in
Kovacevi¢ (2002). In order to achieve a conformal single domain mesh, a new appriolabkground blocking has
been presented in Rane (2015). In this procedure, outer bouméach background block is defined as a combination
of the rack segment and the casing circle segment. The rack sesjretaiies between the lower and higher cusp
points and is closed by the casing as shown in Figure 6.iStnidation obtained on the outer boundaries of the two
blocks is used as the reference for the rotor profile distribution.

Top
CUSP
S Cgsmg
R, Circle
AN S 5
X 4 2
- -]
\ \ I—N S
ARt ; - § 3
AN — y =\ J
IS4 = A ¥ /AN
f ,’/ £ = Bottom
= £ = { v
e 1 12 . CUSP
\ X 4 ;F 1 & - Coordinate 4
7 x(& n)
X ;. '1
. S —— —
Y \ ‘ Xn zn (
\\’., / a\\ / l s /
N T : .4 Rack Segment

Figure 6: Background blocking and distribution on the main and gate rotors

Since the blocks of the main and gate rotors are obtained separatelyetbeciion points obtained on the common
rack curve from the two blocks can be differgéhtlifferent the resulting mesh has a non-conformal map bettireen
two rotor blocks. Using the blocking approach it is possible tefoam this boundary map into a conformal boundary
map. The surface mesh on the interlobe surface mostly follovesxihlegrid lines with small transverse movements
in the vicinity of the cusp points. The movements of points argyatensurface of the interface and do not cause any
irregularity of cells. Tk implementation allows for a fully conformal interface with the egnééx around cusp
points to ensure accurate capturing is the blow hole leakage area. Thadhmkroach is in more detail explained
in Rane (2015). It allows both conformal and non-conformal baynechap to produce fully hexahedral 3D grid with
both, the main and the gate rotor surfaces smoothly capturedLtifiace mesh on the casing is of the highest quality
with the regular quadrilateral cells.
e

Figure 7: Grid generated with single domain for the main and gate rotors

Figure 7 shows the nodes on the rack segment between the maire ayadettotor grids with conformal boundary

map. The 3D mesh generated from such 2D cross sections allwgdhdomains of the male and female rotors to
be combined into a single rotor mesh. This avoids inaccuracies andlitistathvat may arise due to the interface

mismatch in non-conformal boundary map. The resultant grids are resatachfor oil injected flow modelling.
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1023, Page 7
4. CASE STUDY

The test compressor used for this study is an oil flooded
screw compressor with a combined axial and radial suctior
an axial discharge ports. The male rotor has four lobes an
female rotor has five lobewith ‘N’ profiles. The nominal

interlobe, radial and axial leakage gaps are 60 um. The bt
volume index V of the compressor is 3.6. The main ro
diameter is 127.0mm and the wrap angle is 306°.

The operating speed of the machine is betvwa&0 rpm and
6000 rpm, discharge pressure can vary between 4.0 bar
12.0 bar. Measurements at few operating points were cal
out at the air compressor test rig at City University London
the results have been used in this paper for comparison
CFD model predictions. The compressor is driven by a 7¢
motor with a variable frequency drive for speed control. T
discharge pressure is controlled by a valve and gas flo
measured using an orifice in the discharge line. In the cul
setup oil is injected using the discharge line pressure an
temperature is controlled using a water cooled heat excha

Suction Port

Rotor to Discharge
Interface

Discharge Port

\ [
I

Oil Injection Hole

Male Rotor Interface

Discharge Pipe

Figure 8: CFD Model of the compressor

4.1 CFD mode

Figure 8 shows the CFD model domain that consists of the suctibamqmbdischarge port. Both the ports have an
extended pipe to provide boundary pressure conditions. The oil injecttbroiggh four injection holes that are
connected to the rotor domain by fluid-fluid interfaces. The rotorailviitself is a deforming grid, generated using
the procedure described in Section 3. Three operating conditions have loatxterh listed in Table 1.

Table 1. CFD model cases and operating conditions

Case Speed Suction Suction Gas Discharge Oil injection Oil Injection
(rpm) Pressure (bar) Temperature (K) Pressure (bar) Pressure (bar) Temperature (K)
1 3000 1.00 298.0 6.0 5.5 323.0
2 3000 1.00 298.0 8.0 7.5 323.0
3 6000 1.00 298.0 8.0 7.5 323.0
Table 2: Mesh statistics and cell quality report
. Node Cdl Orthogonality Expansion Aspect
Domain Cell Structure Count Count Angle (Min) Factor Ratio
Rotor Hexahedral | 468677 | 406368 7.4 646 488
Suction Port Tetra + Hex | 119058 203255 30.2 279 9
Discharge Port Tetra + Hex 98521 253095 19.6 53 28
Qil Injection Port Hexahedral 28340 25144 55.7 4 4

The axial end clearances are not included in the CFD model for simplification. Euléfidarian multiphase model
as described in Section 2.3 has been used. Air phase is defined as an idealwitls statar mass of 28.96 kg/kmol,
specific heat capacity 1.0084d/kg K, dynamic viscosity 1.83P&kg/m s and thermal conductivity 2.6%aV/m K.

Oil phase is defined as constant density of 800 Kggpecific heat capacity 1800.0 J/kg K, dynamic viscosity 0.0088
kg/m s and thermal conductivity 0.18 W/m K. Dynamic visgosftoil is a function of temperature but it was defined
constant in expected temperature range. Interphase heat transfer hdefimsghby assuming an interfacial length
scale of 5.0 um and Nu equal to 50. Same interfacial length scale isedsfousterphase slip. The solver was set
with first order upwind advection scheme, first order transient sefzen relaxation factors of the order of 15%. The
model mesh statistics is presented in Table 2 along with the cell quality rEpentotor domain had the minimum
orthogonality factor but it was below value of 10.0 in less than 1% Belth.expansion factor and aspect ratio were
in good control due to the fewer divisions in the radial direction of tioe as well as the absendeaboundary layer
mesh in the ports with tetrahedral grids. The turbulence model &SImega was used.

239%International Compressor Engineering Conference at Purdue, 131§, 2016
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The discharge and oil injection pressure had to be gradually increasedoogehan 4 full rotations of the main rotor.
Calculations were continued until the flow and pressure pulsations showed epelitions. Mass imbalance for air
phase was below 9% and for oil phase was about 11% in all three casambii@ice could be due to the grid
guality, lower order discretization schemes used and the convergence leveddatinich was in the range of-5e
On a 6 node parallel calculation with 3GHz processor and 32GB RAM, eagbutation took about 350 hours
physical time for convergence. The flow time was equivalent of 15 rotatfdhe main rotor at full pressure.

4.2 Comparison of theflow and indicated power with measurements
Figure 9 shows a comparison of normalized mass flow rate of air ambthelized indicated power between
measurements and CFD results for the three cases. Experift@ntahd power at Case 1 conditions of 3000rpm,
6.0 bar discharge pressure have been used here for normalization.

2.0 26
219 g 24 e~ ]
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% 1.7 o
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Figure 9: Comparison of Flow and Indicated Power between experimental andeSHDsr

It can be noted that at 3000 rpm at both discharge pressures the gpeefliastion is within around2% lower than

the measured values, while at 6000 rpm and 8.0 bar discharge, ticteprfidw is within 2% of measurements. From
3000 to 6000 rpm, the flow has increased by 85%. Indicated poweXOat@n is calculated within 4% of the
measurements while at 6000 rpm it is about 10% higher than thenedasiue. It has to be noted that, in order to
compare with CFD results, the measbsbaft power was multiplied by the estimated constant mechanical efficiency
of 70%. This may not be the most accurate estimate which could be ovdrgdheeaddition of a mechanical and
bearing loss model to include additional mechanical losses into the CFD nsidatiinrPower &000rpm, 8.0bar is

20% more than that at 6.0 bar. From 3000 to 6000rpm, indicateer acreased by more than twice.

4.3 Pressuredistribution

Figure 10 shows the variation of pressure in the compression chamber with therotai rotation angle. The
distribution of pressure in rotors and the discharge with an iso-surfatevelume fraction at 0.1 is also plotted.
From the pressure angle plots it could be observed that the pressure dudaggression part of the process aligns
closely. At 3000 rpm when the discharge port opens, the flow pulsaitiaiie port are lowThese increase with the
increase in pressure. Still for 3000 rpm pulsations and the maxpressure are both lower that at the higher speed.
At 8.0 bar discharge pressure &@D0rpm the peak pressure reaches 10.0 bar visible in the contour plot ia Figu
10. For the built-in volume ratio 3.6, the 8.0 bar discharge pressure is in under-compression condtina in

the pressure curve. The peak over-compresatibigher speed is due to the throttling and dynamic losses in the port.
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Figure 10: Pressure diagram for three cases and distribution at 6000rpm, Sisiiearde.
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4.4 Qil distribution inside the compression chamber

Figure 11(a- h) shows a close interaction of the injected oil with the gate rotor lolsox complete interlobe
rotation At position ‘a’ the injection hole is just exposed to the compression chamber when the formation of oil spray
begins. Its direction is influenced by the passing leading gatelodi®. The velocity of oil depends on the injection
pressure. At ‘c’ oil film forms in the root the rotor. At positiond’, ‘€’ and ‘f” the film spreads, spray continues and
finally the intersection withhe trailing lobe starts. At ‘g’ the hole is completely blocked by the trailing lobe width
and oil velocity vectors show that ail flow pulse is formed. At ‘h’ the position of injection coincides with that at
‘a’ and the cycle repeats itself. A large vortex remains in the trailing working chamber.

Oil.Volume Fraction

Figure 11: Oil injection interaction with the gate rotor lobes during one cycle

The pulsating nature of the oil injection can also be seen in Figuf@ubtity of oil injected at 8.0bar discharge is
similar at both speed®00rpm and 6000 rpm. In the analysis, the system loss $eparator vessel to the injection
hole is assumed to be 0.5 bar in all the three cases. For a more acmdalean injection pressure measurement
would be required that can be specified as boundary condition. Thewitdte at 6.0 bar is lower than at 8.0 bar
discharge. Figure 12 also shows the distribution of oil and its interdatitire discharge port. Iso-surfaoé oil
volume fraction 0.1 shows an accumulation of oil in the rotor tipsatsalhigh concentration on the discharge port
walls. Similarly oil accumulates in the interlobe gaps and is transpoytékdebrotors. The ib distribution in the
discharge port is unsteady but cyclically repeating.

25
Oil.Volume Fraction
' 0.15 20
@
o1 7
' = 13
=
0.08
H E 1.0
=
0.04 =
Cos : 3
----- 3000rpm 6bar 3000rpm 8&bar
000 — 6000rpm Sbar
0.0
0 40 80 120 160

i e i Cycle (Time steps)
Figure 12: QOil flow distribution near the discharge port and flow cycles for threesca

4.5 Temperaturedistribution

Figure 13 shows the cyclic variation of the discharge air temperature tinrét@ecases. With built-in Vi of 3.6, the
adiabatic discharge temperature without oil injection would be about 500 Kububdeakages and recompression
effects, the temperature rise would be much higher. Due the injectd@B K, the gas temperature is substantially
lowered and does not exceed 340 K. At 3000 rpm and 8 bar disgiresgeire, the peak temperature is about 10
degree lower than that at 6000rpm. This is because the amountirgéciéd at the same discharge pressure and
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different rotational speeds is almost the same, as shown in Figureid 2vHEm combined with lower residence time
of the oil at higher speed results in lower heat transfer from gas to aikanits in a higher discharge temperature.
Similarly there is only a small difference in the gas temperature aathe speed and different discharge pressures
because the quantity of oil injected at higher pressure incress&swn in Figure 12. This higher amount of oil
lowers the gas temperature and it is close to the injection temperatureR3gG#€. 13 also shows the distribution of
gas temperature at 8.0bar discharge pressure, 6000rpm with an &®%frbil volume fraction 0.1. It can be see
that the local maximum temperature re8€0 K. Also the gas temeperature is not uniformly disteoluThis non-
uniformity is due to the non-homogeneous distribution of oil in tmepression chamber.

350.0
Temperature
360.00
340.0 H
%)
—_ 342.50
© 330.0
= £
E XX
23200 S25:00
=]
e
310.0 307.50
- — =3000rpm 6bar —— 6000rpm &bar
« 3000rpm 8bar
300.0 290.00
0 40 80 120 160 Kl

Cycle (Time steps) - L
Figure 13: Discharge gas temperature cycles for three cases and distribution at 608.0tpam pressure.

5. CONCLUSIONS

This paper presents the CFD modelling approach used for the calculaiooibflooded screw compressor. A single
domain structured numerical mesh of the flow domain was generat@CBRGM using recently developed
boundary blocking and analytical grid generation procedure. A tesjasited compressor was measured and integral
parameters such as flow rate of gas and indicated pegrerused for the comparison with CFD results.

o Test analysis showed a close match in the prediction of the mass flow rates of gas.

e The indicated power obtained by CFD predictions matched well with the measured shaft power.

e The mixing of the phases, distribution of oil, heat transfer between gas and oil and also effects on sealing due to
high oil concentration in leakage gaps were well captured.

e Interaction of oil injection with the rotors, deposition on the rotor surface, discharge port walls and heavy
accumulation in the interlobe region was observed.

In order to improve the model further it will be necessary to invastignpact of grid quality on the results and to
test for higher accuracy solver settings along with the development of teelridyq improving solver robustness.
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