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Flow and Deformation

Screw compressor performance is affected by:

» Temperature and pressure field,
* Distortion of rotors and housing,
» Reverse effects to the flow,
 Leakage through the gaps, =
* Rotor wear or even seizure in extreme cases

One-Dimensional models assume that:

 Effects of pressure and temperature distortions are negligible!?

To overcome that:
3-D flow and stress calculation

CCM (Computational Continuum Mechanics) O FSI (Fluid — Solid Interaction)



Problems associated with numerical (C [TV bl
analysis and operation of Screw Machines
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CCM in Screw Compressors

A commercial CCM solver(s) capable for efficient calculation
» “Expert system” for application in screw compressor

 METHOD: Advanced Grid Generation & commercial CCM solver

- Finite volume method, block-structured hexahedral mesh
- Moving domains, sliding boundaries
- Automatic running and analysis of the results

« TOOL: SCORG - Analytical grid generation & Pre-processor

- Multidimensional stretching Hermite transfinite interpolation,

- Boundary adaptation, smoothing, orthogonalisation and regularity check,
- Fast and reliable calculation of thermodynamic properties of real fluids

- Multiphase flow, novel boundary conditions, mesh movement

- Simultaneous generation and calculation of fluid/solid interaction

- Automatic transfer to the CCM solver, Post-processing



Screw Compressor FSI calculations

C 1TV kbt

Conservation laws: continuity, momentum, energy, concentration and space

%Jp‘”dv F[ Pty —v.) s =[Tgrad ¢ids + [q, [0s +[a,, [0V

4 ¥ Aos Aoy
Continuity 1 0 0
Fluid V. U
momentum | et H_leﬂ gradv EE,ueﬁdlvv+ pB H[ﬂ fb,i
Solid au, .
momentum = " %(grad u)' +(/\d|vu-3KaAT)I%[i]i fb,i
Energy e K H k _@ adp T.grad v +h
0e/0T O ae/aT ap
Concentration C; oD, 0 Sci
Space 1 0 0 0
o
Turbulent K +ﬂ 0 -
Kinetic energy H g, P-pe
2
Dissipation £ +ﬂ 0 C PE— g——C edivv
IJ O.s 1 k k 3p
p=p(p,T), e=e(p,T) Constitutive relations, equation of state and turbulence model.
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Pre-processing

- Multiphase flow . :
Oil - passive ‘species’ - exchange heat with gas m.., Qin
Liquid phase — active ‘species’ — exchange mass

- Boundary conditions
Suction, discharge, oil port receivers
Walls close the system
Mass is added to retain constant pressure

- Properties of real fluids
Based on the reality factor
Calculate compressibility factor
2% error, fast calculation

- User subroutines: mesh movement, initial conditions, source terms
- Control parameters for CCM solver
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Performance

tend . . I
- Volume flow (inlet and outlet) vV =60 DZ V. Bn®/ming, v, = Zvﬁsfi
t=terart

Leng
- Mass flow (inlet, outlet, oil) m=Y V,OpY [kg/sec]

t=tstart

- Boundary forces F=p A F,=0*A, F, =P %A,

=S FQLINT Fo =3 FoliIN]

- Restraint Forces and Torque . .
F, =) R@0),INE  T=)T(), [Nm]

- Compressor shaft power P=2[mm{r, +T ) W]

- Specific power Popee = K/ (1000 E m’ min%

- Efficiency _V . P""V
Volumetric and adiabatic ! ' P
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Grid generation

Block structured mesh for solid (rotors) and fluid passages

- - Rack generating procedure

- Basic geometrical parameters
- Discretisation on boundaries
- Multiparameter adaptation

- Transfinite interpolation

- Hermite blending functions

- Multidimensional stretching functions
- Orthogonalization

- Smoothing

- Regularity check
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Cross sectional view of numerical meshes
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Rotors: 189,144 Rotors: 322,560 Rotors: 515,520
Entire mesh: 353,084 Entire mesh: 448,830 Entire mesh: 637,790



Moving mesh
generated

by SCORG
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SCORG

Screw COmpressor Rotor Geometry grid generator

Rot (nang,nast,naen,irot) ‘ l Transf (mun 1rnax,_1m1ndmax,ntr)

o ___________

Rack (nang,nada) \ ‘ Slmple (imin,imax,jmin,jmax,ntr)
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Distr (irot,ka,idi,ma) ‘ ‘ Ortho (imin,imax,jmin,jmax)

Mesh (nang,nada,irot,ntr,imesh)
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Inlet (irot,filc,radd,nn1,nn2,

imilmesh,nang) .............................................................................................................
____________________________________________________________________________________ ‘ SnlOGth (ra.,ar fi p,f' k,dﬁ ns,nsp)

Outlet (irot,filc)
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Names lang)

Check (npos.jro,ynew)
Circ rntaf"p fik,dfi,jhoce)
Equal ,m,np,n.j)

Celreg 5,

Prep (radd,nd,om1,pinl,pout,

nang,irax) i
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FSI for screw compressor

Maln Ratoe: BH
Lead 236.57% mm

W9BIEL FCD

wL1az

Configuration 5/6
di=126.7 mm, d2>=101.4 mm, a= 90 mm
|I=212 mm, |/d=1.66, wrap angle=320 deg
Nominal clearance 65 mm
n=5000 rpm
442 130 cells, 25 time steps/cycle
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FSI for screw compressor

Examples:

Case 1: Oil injected air screw compressor
Pin= 1 bar, Pout=6, 7, 8, 9 bar
t., =20 degC, t,, = 40 degC

Case 2: Dry air screw compressor
Pin= 1 bar, Pout =3 bar
t., = 20 degC, t,,, = 150 degC

Case 3: High pressure oil injected screw compressor

Pin= 30 bar, Pout = 90 bar
t.,=0degC,t,,=40degC

out
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QOil injected — Pressure/Velocity

comet

'N' rotors 5/6

Velocity
300

Praessure

6.500e+05
5.840e+05
5.180e+05
4.520e+05
3.860e+05
3.200e+05

. 2.540e+05

1.880e+05

1.220e+05

5.600e+04
—-1.000e+04
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Oil injected - Pressure 3D view

cornet

'‘N' rotors 5/6

Prassure
6.400e+05

5.7560e+05
5.100e+05

4.450e+05
3.800e+05
o 3.150e+05
2.500e405
1.850e 405
1.200e+05

5.500e+04
-1.000e+04
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Qil injected - Oil concentration

cormel

Date 23052001

56

Velocity
. 300
Species
9.500e-01
8.572e-01
7 645e-01
6.717e-01
5.789e-01
4.862e-01
3.934e-01
3.006e-01
2.079e-01
1.151e-01
2.233e-02
X
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Oil injected — Concentration/VeIocity London

comet

Dl 2E/0&2001

real

e 300

Species
3.800e-01
3.420e-01
3.040e-01
2.660e-01
2.280e-01
1.900e-01
1.520e-01
1.140e-01
7.600e-02
3.800e-02
0.000e+00

X

T
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Oil injected - Oil distribution 3D view

comet

'N’ rotors 5/6

Species

9.700e-01
8.730e-01
| 7.760e-01
| 6.790e-01
5.820e-01
| 4.850e-01
3.880e-01
2910e-01
1.940e-01
9,700e-02
0.000€+00
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Experimental verification

£ COMPRESSOR is8t sig - Tty Univessiy Losdon [ 1w ] =]
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! | | L _I; Pawar (kW] 24.034
- = P-4 [kw] 24034
B cilic Powar
’ [&s%m3fmin] 4707
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and dry air compressors to be

o
(=
. . Sosaiadl lemmnll | T D T
measured. Limits: _ Swtone _

- Power  <=100 kW e
- Delivery <=16 m3/min S =L ] e
- High accuracy test equipment - Meets Pneurop/Cagi standards
- p-a diagram — piezoelectric transducers - Compressor tested to  1SO 1706
- Computerized data logger - Flow measurements BS 5600

- Real time calculation and presentation - Certified by Lloyd’s of London



P-a diagram

Pressure [har]
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P-a diagram for the Screw Compressor
'N' profile, 56, 128mm, 5000rpm
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Integral parameters — Power, Delivery

Screw compressor integral parameters
'N' Profile, 516, 128 mm, 5000 rpm
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T Pn=1lb Py,,=7D n=5000 rpm
Oil injected £ "200C 1 =40 9C

inl—

comel

Gate VRDAZDDE

CasaX

Displacement (m)
e 2Te-06

Pressure (Pa)
6.200e+06

5. 580 +05
4.960e+05
4 34De+05
3.720e+06
3.100e+05
248005
1.860e+05
1.240e+05
6200404
0.000e +00




Qil Injected

Pi,=1Db

CLUITIY Reteian

Pou=7Dh

n=5000 rpm

t,,=20°C t,,=40°C mag=20,000x

comel

Gt 224002

CaseX
Displacement (m)

— W 3e-D6
Pressure (Pa)
7.000€+05

6.400e+05
5.800e+05
5.200e+05
4.600e+05
4.000e +05
3400405
2.800e+05
2.200e+05
1.600e +05
1.000e+05

X £

I

1Y
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Pi,=1b P,,=3b n=5000 rpm
t,,=20°C t,,=150°C mag=1,000x

comel

Dile 2042002

CasaX
Displacement {m)

— @ 5e-05

Temperature (K)
4 500e+02

4.323e+02
4.146e+02
3 969 +02
A.702e+02
3615e+02
3.438e402
A261e+02
3.084e+02
2.907e+02
2.730e+02
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High pressure oil injected r,=30b P,,=90b n=5000 rpm
t,=0°C  t,,=40°C mag=2,000x

inl—

5 comel

e 2242002

\ CaseX
Displacement (m)

— = 1.7e-05

Pressure (Pa)
9.000e+06

B.400e+06
7 B0D0De+ 06
T2 00e +06
6.600e+06
f. D00 + 06
5.400e406
4,800 +06
4 200e+06
3600+ 06
3.000e +06

N




Power [kW]
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FSI integral parameters Power-Flow diagram

Screw compressor integral parameters
"N" Profile, 5/6, 128 mm, 5000 rpm
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FSI integral parameters P,,-Flow diagram

Screw compressor integral parameters
“"N" Profile, 5/6, 128 mm, 500 rpm
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CONCLUSIONS

- Compressor rotors deform. Due to that, clearances change. That
Influence internal leakage, and deteriorate compressor performance.

- Computational continuum mechanics is employed to analyse
Interaction between fluid and solid,

- SCORG - A stand alone program is developed to transfer screw
compressor geometry and parameters to CCM solver automatically;

- COMET GMBH IccMm was used for CCM calculation:

- Calculation results for oil injected compressor are compared with
measurements

- Method Is used to estimate influence of rotor deflection on overall
Screw compressor parameters.



