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Abstract: Increasing demands for high-performance handling of fluids in oil and gas as well
as other applications require improvements of efficiency and reliability of screw pumps. Rotor
profile plays the key role in the performance of such machines. This papeyeandifference

in performance of 2-3 lobe combination of a twin screw pumps with diffepént profiles. A-

type profile formed of involute-cycloid curves and D-type formed of cycloidesuave typical
representatives for 2-3 type screw pumps. The investigation is performed dfyaufadl 3-D
Computational Fluid Dynamics (CFD) analysis base@ simgle-domain structured moving
mesh obtained by novel grid generation procedure. The real-time mass flowtmtegngue,
pressure distribution, velocity field were obtained from 3D CFD calculatidresperformance
curves under variable rotation speed and variable discharge pressure were produced. The CFD
model was validated by comparing the simulation results of the A-type puthptive
experimental data. In order to get the performance characteristics of D-ofie pwo rotors

with D-type profile were designed. The first has the same displacement vaddrigpe and

the second has the same lead and rotor length as A-type but different displacementMotum
comparison of results obtained with two rotor profiles gave an insight in tlemntages and
disadvantages of each of two rotor profiles analysed.

Keywords: Twin-screw pumpRotor profile; Performance; CFD; Moving mesh

Nomenclature

a centre distance of two rotors f function of enveloping

Ri tip radius of the male rotor 1 male rotor

R: tip radius of thdemale rotor 2 female rotor

Sy cross section area of the male rotc ab epicycloid in A-type rotor profile
S cross section area of the female ro bc involute in A-type rotor profile
Sibda  the shaded arescbd cd hypocycloid in A-type rotor profile
t time-step or variable ¢ angle of rotation

DPTS the degree of rotation per time ste u velocity

RPM rotation speed of male rotor X rotor profile

i12 transmission ratio R; tip circle radius

6 centre angle of an arc R, root circle radius

T position angle of a curve mn pitch circle radius of male rotor
) angular velocity of rotor Ty pitch circle radius ofemale rotor
a the angle of straight line in D-type p density
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o) control volume r diffusion coefficient
n cell face normal vector v fluid velocity

S cell surface v surface velocity
dps flux source dpv volume source

1. Introduction

Twin screw pumps are positive displacement machines widely used in petrochehipgahg,

energy and food industries due to their reliability and excellent performance in single phase or
multiphase operation. Typical arrangement of a twin screw multiphase pump isrgkigare

1, showing rotors synchronised by timing gears and enclosed in the casing. Increasing demands
for high-performance screw pumps require continuous improvements of pump designs to
achieve better performance with higher reliability. Among the factors tiflaence the
performance of screw pumps, rotor profile plays a vital role. Different rotdilgpibrings
different performance characteristics. Recent developments in manufadechrglogies

allow accurate production of rotors with complex rotor profiles.

The rotor profiles of multiphase screw pumps are usually differentthigarotor profiles of

screw compressors even though these machines are similar in configuration, friestly
working fluid for pumps is either liquid or multiphase fluid consisting nyaofl liquid and
relatively small amount of gas, contrary to screw compressors. Therefore, the working process
in a pump usually does not include internal compression of gas and consequently screw pump
operate at almost constant temperature. As a consequence, inlet and outlet porereme diff
The inlet and outlet ports in screw pumps are usually designed as an ofenégséer suction

and discharge.

End Cover Casing

Male Rotor Bearings cover plate
Bearings

ﬁ

Timing Gears

End Cover

r &

Suction Discharge

Figure 1 Structure and components of twin-screw pump

Rotor profiles for screw pumps are mainly composed of arcs which could be involuted cycloi
or circular, as shown in four different types of screw pump profiles in Figure En@potor
profiles will be different for different working conditions. The main caxiats which need to
be considered during the designing process of a screw pump profile are:
* The rotor profile should satisfy meshing conditions during the workingess with
conjugate motion and without undercutting[8][15];
* The rotor profile should have good sealing property with as small as edsisivhole
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short and continuous contact line;

* The rotor profile should have large flow area to ensure as large as possibftomass
rate;

* The carryover of the designed profile which is the area between twoirotivesdefault
position (shown in Figure 2) should be as small as possible.

» The rotor profiles should be relatively easy to produce with as low as possible
manufacturing costs.

Figure 2 Four typical rotor profiles for multiphase screw pumps: A-tBggpe, C-type and D-type

Research work on rotor profile design and performance calculation of multiphinssctemw
pumps was reported in many previous studies. The number of literature resourcesaisdarge
therefore just the most relevant are be listed below.

O.A. TIenx etc. [1] introduced the generation and analysis of four typical rotor psofide
marine screw pumps, which are mainly composed of involute and cycloid curves. They
mentioned that even though the involute-cycloid screw pumps may not be as voldiyetrica
efficient as cycloid screw pumps, they have higher reliability during operationafdl$. Nie

et al. [2][3] discussed systematically the structure, rotor profilesrgéar and performance
calculation of different screw pump profiles and optimised some of thégsrtifiachieve better
sealing. F. Cao, Z.W. Xing ek §4] proposed calculation models for the back flow and pressure
distribution within the multiphase twin-screw pump and also simulated the themaroity
performance of the pump with different gas volume fractions. Q. Tang and Y.X. Fblang
modelled the screw pump by use of CFD static mesh and proposed improvements tcea leakag
model for twin-screw pump. In addition they optimised some rotor profilesnlatal. [6][7][8]
proposed the rotor profile generation method of roots blower and cycloidal pumpdased
gearing theory. N. Stosic et al. [9] applied the rack generation profifiagrew compressor to
vacuum and multiphase screw pumps. They reviewed several typical rotor profiseseio
pumps using thermodynamic chamber model. C.F. Hiseh, Z.H. Fong et al. [1Ogatezsthe
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opportunities for producing rotor profiles of claw-type screw vacuum pumghdyry of
gearing and undercutting, and analysed the gas sealing property claimed in sonseopatent
screw rotor rotor profiles. Jing Wei [11] discussed the rotor prdéikign of twin-screw kneader

and simulated the flow field based on CFD by use of static grid. K. Rabiger [12] praposed
model for screw pump and carried out the numerical and experimental analysis of the
performance of the pump under very high gas volume fractions (90%-99%). Hemdswted

an experiment to visualize the leakage flow in radial clearances [13].

For improvements in the design of screw pumps, full understanding of processthéthump

is required. To date, most of the models for their performance analysis areobatieel
thermodynamic chamber mathematical models which neglect kinetic energy and stineplify
analysis of the main and leakage flows. Chamber models can predict integral pecéooha
screw pumps relatively accurately but are not capable of analysing flosugithports and

taking into account 3D effects within the working domains.

Similarly, CFD models which use static mesh of moving flow domains to evalukigyésaare

useful but do not account for dynamic effects and performance. Due to the limita@éiD
simulation using static mesh, some important parameters cannot be obtained, such as the mass
flow rate, rotor torque and pressure fluctuation.

Breakthrough in using CFD for analysis of positive displacement screw machinemdasy
Kovacevic [14] who generated structured moving mesh for screw compressor rotor based on a
rack generation method proposed by Stosic [15]. This pioneering work in grid gemévat

screw machines allowed for the CFD simulation and performance prediction @f scre
compressors. This method provided a powerful basis for research of screw pumps.

In this paper, the unique grid generation software SCORG is used for grid genefation
structured moving mesh around screw pump rotors. The mesh of stationary domains such as
ports and pipes is generated by use of a commercial grid generator built int@€khe C
(Computational Continuum Mechanics) solver STAR-CCM+. Handling of the mesh generated
by SCORG in STAR-CCM+ solver is managed by use of the UDF made speaidirfdling
conformal rotor mesh and it will be described later in the paper.

The objective of this paper is to analyse difference in performar2& dbbe combination of

a twin screw pumps with different rotor profiles by use of 3D CFD.

2. Rotor profile generation for twin screw pumps

2.1 Meshing equation

X
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Figure 3 Coordinate systems for derivation of conjugate rotor profiles

A screw pump rotor profile should satisfy the meshing principle by whicprtifées of two
rotors need to be conjugate without undercutting each other. Figure 3 shows the coordinate
systems for derivation of conjugate rotor profiles.
The envelope equation of conjugate meshing.of can be written as follows [6][8]
Fau6,9) = (32x02). 0
T ou 06/ 0¢
Whereby, the curvilinear coordinat€s, 8) of Y; is with the generalized parameter of

motion, ¢.

According to the theory of gearing [8], the conditions of rotdrumalercutting can be written
as follows

dxy (12) dy, (12)

=1 —v - —v dx 12
d6, *1 — 0 dae, Y1 _ /a6, - 9(51)
Of _of agi| = % |Oof _ of d¢a| T ' dvay 7,02
904 dp, dt 96, dp, dt 1

2.2 Involute-cycloid Rotor Profile - A-type

The rotor profile in this twin-screw pump (see Figure 4) is composedayfoduid, hypocycloid
and involute curves. The involute-cycloid rotor profile called A-type Rradi generated by
modification of a cycloid rotor profile. The aim of this modificatiomasncrease the flow area
and consequently improve performance.

\\._‘_\’j.l(]_;,_ %)

Figure 4 Generation of A-type rotor profile

Epicycloid ab: t; <t<t;

Xab —sin(t —t;) sin(5/3t—-1;) O0]ra
[Yab =] cos(t—11) —cos(5/3t—14) 0] [b]
1 0 0 yARg!

Involute bc: t; <t <t¢;
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sin(t+1t,+6) tsin(t+71,+0)
| ol

cos(t + ‘L'1 +60) —tcos(t + ,+6) 0
Whereby, 6 = 6,
Hypocycloid cd: t; <t <t

51n(t+rl+9) —sin(5/3t+ 1, +60) 0]ra
[ycd] = |cos(t + T1 +60) —cos(5/3t+1,+0) O] [b]
Whereby, 6 = 0,;, + 0y, — BZC,

0 1

Epicycloid a1by: t; <t <¢;

Xa,b, —sin(t —t,) -—sin(5/2t—1;) O0]fa
Ya,b, [ cos(t —1,) —cos(5/2t —1,) 0‘ [b]
1 0 0 1

Involute bycy: t; <t<t;

Xbc, sin(t+t,+60) —tsin(t+1,+6) 0]r
Ybiey | = [cos(t +1,+60) tcos(t+1,+6) 0‘ [T]
1 0 0 111
Whereby, 6 = 6, j,

Hypocycloid ¢;dq: t; <t <

Xeydy sin(t+1, +0) —sin(5/2t+1,+80) 0]ra
Yeydy | = [cos(t + 1, +0) —cos(5/2t+ 1, +6) O] [b]
1 0 0 1t

Whereby, 6= 9a1b1 + 9b1C1 - 6C1d1
2.3 Cycloid Rotor Profile - D-type

2, Y /6,

Figure 5 Generation of D-type rotor profile

Figure 5 shows the generation of D-type rotor profile which is mainly composed of cycloid
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arc and circle arc.
Main Rotor
Cycloid Curve:

Y11 sint —sin(1+iy)t O

[xll] [cost —cos(1+ip)t O
1 0 0 1

i

Female Rotor
Epicycloid:

Y21 sint —sin(1+i;5)t O

[x21] [cost —cos(1+i2)t O
1 0 0 1

i

Straight line modification:
The length of the straight lind, = 0.05R;
By solving the following equation

x5 +y%2 = (R, — 0.05R,)?
Then the coordinates of the intersection pginin) can be obtained.
The angle between the radial straight line and the x-axis is
n
o= arctan(;)
The equation of the straight line is as follows:
X5, = Rycostcosa
Y.2 = Ricostsina
The envelope line of the straight line modification in male rotor can be expressed as
X1, = acost — Ryucos(1 + iyq)t
Y12 = asint — Ryusin(1 + iyq)t
0x1, ) 0y12 _ 0x1, . 0y1, _
du Jt at du

0
Whereby,u = f(t), and,

X12 cost —f(t)cos(1+iy)t O
[)’12] = [sin t —f()sin(1+i,)t O
1 0 0 1

d

Then the equation of cycloid curve in male rotor is

x11 cost —cos(l+1i;)t O a
yii| = [sin t —sin(1+ix)t 0] [O.95Rt]
1 0 0 b 1

Where, R; is tip circle radius,R, is root circle radiusy; is pitch circle radius of male

rotor andr, is pitch circle radius of female rotor,
Transmission ratio

ng wy _ T2

n; w2 r’

i1 =
center distance = R; + R,
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The tip of female rotor and the root of male rotor can also be modifiekdebsotind corner
modification method.

It can be observed that D-type profile is composed of cycloid, while the A-type marfibésts
of three profile curves, namely epicycloid, involute and hypocycloid. This makesré

difficult to generate and manufacture.

2.4 Area Efficiency

The area efficiency is the ratio of the free flow area and the oveoall section area. Large
area efficiency leads to large flow passages and large flow rate under theliaamter and
lead. Area efficiency is the main reference index when designing large flow screw pumps.
For twin-screw pumps, the area efficiency can be described as follows (shown as ffigure 6
Sm+Sf

€Y)

Na=1

" TR? + TRZ — Sppea

Figure 6 Calculation of area efficiency

By using Equatioifl), area efficiency of A-type and D-type rotor profiles can be calcuésted

Table 1 Area efficiency of A-type and D-type rotor profiles

Sim S¢ R? + mR3 — S,.pq  area efficiency
(mn7) (mn?) (mn7)
A-type 7269.23 10631.61 28566.38 37.34%
D-type 10835.49 11019.14 29986.01 27.12%

Table 1 shows that the area efficiency of A-type rotor profile is appedgly 1.4 times of D-
type, which means theoretically the flow rate of A-type is roughly 1.4 timBstygbe when all
other rotor parameters are same. In order to improve the area efficiDdypé profile, this
kind of rotor profile is usually applied in the designing of three-screw pumpshviiais a
configuration of one male rotor and two relatively smaller female rotors.
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2.5 Blowhole

(A-type) (D1-type) (D2-type)
Figure 7 Blowhole of three kinds of rotors

Figure 7 shows the blowholes of three different rotor profiles. It is @utdig inserting a plane
passing the intersection line of two rotor cylinders. The A-type rotdilg@results in a larger
blowhole area than D-type rotors. D1 and D2 rotor profiles have the same shapdmftiute,
whereby the blowhole of D1 is slightly larger than that of D2 whichescbnsequence of the
larger lead and helix angle of the former. From this discussion it can be contiatkedkage
through blowhole area of D-type rotor profiles will be smaller than A-type rotor gsofil

3. 3 Dimensional Computational Fluid Dynamics Analysis

3.1 Mathematical Model

Positive displacement screw pumps operate on the basis of changing the size and position of
the working domain which consequently causes change in the pressure of the dbiciain w
causes transports of the fluid. To calculate performance of a screw pumptiegiaath as

mass, momentum, energy etc. need to be obtained. Conservation of these quantitgees can
represented by a general transport equation for a control volume (2), [16]

d

=|T d¢.ndS
— fﬂ ppda L ppv.ndS fs grad ¢.nds L GgsdS fn Qg @
transient convection dif fusion source source

In order to account for the deformation of the working domain, the conservatiaioadza
needs to account for the velocity of the domain boundary. This could be done by repiacing t
velocity in the convective term with the relative velogity— v, ), where v, is the velocity
vector at the cell face. In such case, the general conservation equation can be written as,

d
- dn f v— v.).ndS :J.F rad ¢.ndS f f 0
I fn ppd | Spqﬁ( b) g R K )

transient convection dif fusion source source

The grid velocity v, and the grid motion are independent of the fluid motion. However, when
the grid velocities are calculated explicitly and used to calculate the ciwevBukes, the
conservation of mass and other conserved guantities may not necessaridgdreent. To
ensure full conservation of these equations, the space conservation law given byg4p need

9
Author submitted manuscript copy


http://dx.doi.org/10.1177/0954408917691798

Yan, D, Tang, Q Kovacevic, A Rane, S Pei, L (2017). Rotor profile design and numerical analysis-8ftZpe
multiphase twin-screw pumpBroceedings of the Institution of Mechanical Engirse Part E: Journal of Process
Mechanical Engineeringloi: 10.1177/0954408917691798

be satisfied.
d
ELdﬂ_ va.ndS—O 4

Space conservation can be regarded as mass conservation with zero fluid velocity. THg unstea
term in governing equations involving integration over a control volmerhich is now
changing with time, need to be treated consibtenith the space conservation of a deforming
and/or moving grid.

START

Initialize solution field u.v,w.p and ¢
Set Time Step At Iteration within Inner Loop
1 timestep Convergence?
{I Solve Mesh Displacement “
Solve Hydrodynamic System Advance in Max Simulation

U,V el“’eP Time: t+At Time reached?

Solve Energy, Volume Fraction and

any Additional Variables

® ®

Figure 8 Flowchart of solution process with deforming domains

Governing equations required for the solution form a closely coupled, time dependant set
partial differential equations (PDE’s) and often can be solved by use of a Finite Volume Method
(FVM).

Figure 8 represents a flow chart of the solution process for a FViMdefbrming domains.

The highlighted step for resolving the mesh displacement is crucial for ensraug
conservation which requires the grid velocities and changes in CV volulmegmhown at each

new time step.

Providing that the numerical mesh used for transient calculation of a screw pump has a
structured topology with the constant number of computational cells foomposition, then

the movement of vertices which define the mesh can be used for calculation o laaitly

v, ensuring that the space conservation and the entire solution are fully conservative.
However, if the numerical mesh does not keep the same topology throughout transient
calculation, it is much more difficult to fulfil the conservativeness requénts. Demirdzic et

al. [17] showed that the error in mass conservation due to non-conformarsmaasf
conservation is proportional to the time step size for constant grid veloaitebss not
influenced by the gird refinement size. This has been investigated byeRain¢18] to tesif

the user defined node displacement for structured mesh can be replaced by so caladeey-
re-meshing which is the most common method normally used for deforming unstructured
meshes. It was found that many limitations to key-frame re-meshingvexish make it
unsuitable for analysis of screw machines. Namely, it requires time consuming presjprgce

has limited applicability to complex meshes and leads to inaccuracies in caosenfat
calculated variables.

Grid generation is a process of discretising a working domain of the screw pumprol cont
volumes for which a solution of local fluid properties is to be found. It maguoeerical,
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analytical or variational [19]. The results obtained in this reseaotk wsed grids generated

by analytical grid generation. Applying the principles of analytical gaderation through
transfinite interpolation with adaptive meshing, the authors have derived a gentrahdfas
reliable algorithm for automatic numerical mapping of arbitrary twin screw machine geometry
built into anin-house grid generation code SCORG [20].

3.2 Moving Grid Generation

Three rotor profiles are compared in this paper, namely A-type, Dlatypd2-type. These
all are with the same rotor diameter if@and equal inter-lobe and radial clearance offarh2
TheD1-type rotor is designed to have same displacement as A-type at 2100rpm; D2dype rot
is designed to have the same lead and rotor |ers#type. The design data is shown in Table
2.

Table 2 Geometric parameters of three kinds of rotors

A-type D1-type D2-type
Design Data Main Gate Main Gate Main Gate Unit
Rotor Rotor Rotor Rotor Rotor Rotor
Axis Distance 105.025| 105.025| 117.6 1176 | 117.6 117.6 mm
Outer Diameter 141 141 141 141 141 141 mm
Pitch Diameter 80.02 | 126.03 | 94.08 | 141.12 | 94.08 | 141.12| mm
Inner Diameter 70 70 94 94 94 94 mm
Rotor Length 200.004| 200.004| 328.996| 328.996| 199.995| 199.995| mm
Wrap Angle 590.147| 393.431| 755.903| 503.935| 590.147| 393.431| Degree
Lead 122.006| 183.009| 156.685| 235.027| 122 183 mm
Lead Angle 24807 | 24.807 | 27.929 | 27.929 | 22.43 22.43 | Degree
Helix Angle 65.193 | 65193 | 62.071 | 62.071| 67.57 | 67.57 | Degree
Depth of Groove 35.5 35.5 23.5 23.5 23.5 23.5 mm
Theoretical Capacity 1.302X10°% 1.274X10°% 0.992x 103 m’
radial clearance 0.12 0.12 0.12 mm
inter-lobe clearance 0.12 0.12 0.12 mm

e

‘1
i
1ﬁj@

il
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Figure 9 A-type rotors (top) and D-type rotors (bottom) withghid distribution in a cross section

Figure10 Surface grid of A-type, D1-type and D2-type rotors (from lefight)

Numerical grids of the working domains for the three different rptofiles generated by
SCORG are shown in Figure 9 and Figure 10. Polyhedral mesh of the inlet port and dutlet por
is generated using STAR-CCM+ grid generator as shown in Figuiéde size of the numerical
mesh for all three cases is shown as Table 3. The grid independence focthiioalmodel

has already been investigated in another publication [21].

Figure11 Polyhedral mesh of suction and discharge ports

Table 3 Number of cells used in calculation
Suction Port  Rotor domain  Discharge Port  In Total

A-type 146842 775180 146842 1068864
D1-type 146842 993496 146842 1287180
D2-type 146842 775180 146842 1068864
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3.3 Boundary Conditions and Numerical Scheme

The Star-CCM+ pressure-based solver is used for calculation of the screw pionpaece.
In order to solve the pressure-velocity coupling, the implicit unsteady segdeitpw scheme
has been applied. The second-order upwind discretization scheme is appliedS&delssode
is used for the relaxation scheme which provides good convergence by iterativelyirgprrect
(relaxing) the equations during multigrid cycling.
The main rotor rotates 2.4° per time step. The mesh is updated before commencingfeolutio
each time step. The time-step is defined as:
DPTS

L= RPM
Where DPTSis the degree of rotation per time stBpMis the rotation speed of male rotor.
Large time-steps may cause the solution to diverge. Time step is inverselytipr@pdo the
rotational speed, which means that the mesh needs to be changed for diffeckint spisr to
keep the ratio of time and spatial step constant. Howeteatipt always essential to keep the
ratio constant but it is limited by Courant stability condition, as describébtgcevic [14]
and therefore the mesh was kept constant for all cases while Courant stahiliiyon was
always fulfilled.
The k-epsilon turbulence model was adopted for analysis. Stagnation inlet and presstire
are used respectively for the inlet and outlet boundaries. The relative presthe inlet port
is 0 Pa. The initial pressure and initial velocity are set to 0 Pa and 0 m/s iketpethe
turbulence intensity is set to 1% and the turbulence viscosity ratio is 1@orkieg fluid is
CD40 lubricating oil. The density is 889 kg/imnd the dynamic viscosity is 5.25*%41PasS.
The temperature of oil is 50 to 70°C.

4. Resultsand Discussions

The CFD calculation with the A-type rotors has been validated by experiméing prior
publication by the authors [21], in order to confirm the accuracy and applicafilityis
numerical method for performance prediction of screw pumps.

4.1 Mass Flow Rate

Figure 12 indicates the mass flow rate of A, D1 and D2 profiles under diffetatibn angle

and the same discharge pressure. The mass flow rate of the pump with D2-totees that

other two cases. Two fluctuation periods during one full rotation of the noige could be
observed, which is the consequence of lobe combination, in this case 2-€lhpsmp with

A-type rotors brings larger oscillation than D1 and D2. The fluctuation range qfeArdyors

is about 2.7%, however the fluctuation range of D1 and D2 are less than 0.9%. The fluctuation
range of D1 rotors is even smaller than D2.
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Figure12 Mass flow rate under different rotation angle

4.2 Rotor Torque
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Figure13 Rotor torque under different rotation Angle

Figure 13 shows the rotor torque of screw pump with A, D1 and D2 profiles under the same
discharge pressure. Similarly to the mass flow rate, two fluctuation peoodts be observed
during one full rotation of the male rotor. A-type profile has higher amplitude of fluctudtion o
torque than D1 and D2. Figure 13 shows that the male rotor torque is much larger than the
female rotor torque. The torque on the female rotor of A-type pump shows lowavealuew
oscillations while the male rotor has large torque of approximately 190 N#yd@ male rotor

has similar torque value but the female rotor has increased torque value, dogrtly the
differences in the centre distance and rotor profile shape.
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4.3 Pressure Distribution
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Figure14 Pressure distribution of three different pump designs
Figure 14 shows the pressure distribution of A, D1 and D2 pumps.

4.4 Integral Performance

Figure 15(up) shows the mass flow rate of all three pumps with the variatiotaodn speed

and constant discharge pressure 0.85MPa. By comparing D1 and D2, it can be found that they
have the same leakage rate, which results in that the D1 has higher volurfieigiccgfthan

D2 (shown as Figuré&6). This is mainly because of the different size of the machine but also

is affected by the rotor profile and different lead which in case diridgs higher volumetric
efficiency. The A-type rotors have higher leakage rate than D1 and D2. -Type Dnachine

has higher volumetric efficiency than A-type (Figd®. The difference becomes smaller with

the increase of rotation speed.

Figure 15(down) shows the mass flow rate at different discharge pressure and corstamt rot
speed of 2100rpm. Pumps with D1 with D2 profiles have nearly same leakage ta¢e
evaluated range of discharge pressures even though they are designed to havdetiffeandt

helix angle. However, the pump with A-type rotors have higher leakage rate tlgpe,it-tan

be easily observed under the same working condition, A-type brings larger leakaggthrat

the increase of discharge pressure.

Figure 16(right) shows the volumetric efficiency at different discharge pressure atahtons
rotation speed of 2100rpm. It can be seen that D1 has the highest volumetric efficiency among
these three kind designs, then is the D2, the last is A-type. The differencegsdarger with
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the increase of discharge pressure.

Flow vs Speed
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Figure15 Mass flow rate:p) variable rotational speed; (down) variable discharge pressure
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Figure16 Volumetric Efficiency: (left) variable rotational speed; (right) variable dischaggspre
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Figurel7 Shaft power: (left) variable rotational speed; (right) variable discharge pressure

Shaft power for all three pumps wiiththe range of rotatiai speeds and constant discharge
pressure of 0.85MPa is shown in Figure 17(left). Shaft power of the D1 pump increthises wi
higher gradient than the shaft power of A-type pump. The shaft power at 630game for

both profiles while at 2100 rpm power of D1-type pump is more than 15% higher although the
flow rates are very similar. By comparing A-type and D2-type pumps, ibeabserved that

A-type pump has approximately 30% larger flow rate than the D2 and 15-30% higher shaf
power depending on the speed. The power difference between the two stays the same while the
ratio significantly decreases with the increase in speed. It is wenkioning that both A and

D2 pumps have the same lead and rotor length.

Figure 17(right) shows the shaft power as a function of discharge pressure and witht consta
rotation speed 2100rpm. The shaft power for A and D1 pumps follows the same trend with the
increase of the discharge pressure. A-type pump has lower absolute value. Thevetiatif

A and D2 pumps are similar at the low discharge pressure but the difference incitdates w
increase in the discharge pressure. The shaft power of A-type pump is largerathafiD2-

type pump. This is an indication of lower volumetric and adiabatic efficientchesype pump.

5. Conclusions

A-type - involute-cycloid and D-type - cycloid based rotor profilegeHzeen generated and
analysed in this paper. In order to compare the characteristics of theghffevent rotor
profiles, full 3D CFD simulation of three designed twin-screw pumps has begdaart using
structured moving numerical mesh. Pumps A and D1 have similar theoreticalcdiseht
while pumps A and D2 have the same length, helix angle and rotor diameterdfentdi
theoretical displacements due to much shallower rotor groove of the D2 rotors.

(1) A-type rotor profile has larger area efficiency than D-type but also largehble area
than the D-type.

(2) For 2-3 type twin-screw pump, when increasing the area efficiency of cross section by
introducing involute-cycloid profiles, the depth of the rotor groove willdase, which
will bring larger the mass flow rate while lead to larger tlessrflow pulsation at the
same time.

(3) Even if the pump is scaled up to achieve the same flow rate, the pulsatien0i@ th
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type pump will decrease compared to A-type and allow more stable operation.

(4) Rotor pumps with A-type and D-type rotor profile of the same length, rotoretiam
and helix angle will have different theoretical volume and mass flow. D-type rotors
have lower mass flow rate, larger rotor torque and larger power consumptionthieut at
same timet has an advantage of smaller fluctuation in mass flow rate and pressure and
smaller leakage rate.

(5) The CFD results indicate that A-type rotor profile is more suitableafgetvolume
pumps, while D-type rotor profile is more suitable for high-pressure pumps.
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