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Virtual Prototyping for PUMP Design
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ANSYS and the Electronics Design Flow

End Product
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From electromagnetic fields to heat, cooling, and stress
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s The workflow

) oz

1. Create the fluid volume
2. Create the mesh

3. Set up your model

4. Compute the solution
5. Examine the results
Further Step: optimization

Y
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Influence of valve position and radius

Valve position: Valve radius:
0.5cm—=5cm 35cm, 40 cm, 45 cm

RO~

|
|

L

B

v A Name v | P3 - Ventioeffnung ~ | PS5 - Ventidurchmesser ~ | P6 - Durchlass ~ | P2 - KvWert ~ | P7 -deltaP ~
1 Units m#3s5~-1 Pa
2 &] Geometry v, DPO 0,04 0,04 0,04 0,067404 55125
A WU > DP 1 0,05 0,04 0,04 0,069236 52246
DP2 0,03 0,04 0,04 0,064429 56,0333
4 @ setup v 4 DP 3 0,01 0,04 0,04 0,029555 28,672
5 Solution v 4 DP 4 0,02 0,04 0,04 0,054708 8,3681
6 @ Results v . DP5S 0,005 0,04 0,04 0,015547 103,62
> 7 0 Parameters DP6 0,05 0,035 0,035 0,055103 8,2486
DP7 0,05 0,045 0,045 0,084377 3,5178
Fluid Flow DP 8 0,04 0,045 0,045 0,081305 3,7887
DP9 0,03 0045 0,045 0,07645 4,2852
‘ DP 10 0,02 0045 0,045 0,063065 6,2972
- f DP 11 0,01 0,045 0,045 0,033727 22,017
e DP 12 0,005 [0,045 | 0,045 0,018157 75,972

L e S, | I' [ DP 13 0,005 B A |giohs N HE FiT “H|folias, 0013959 | 12854 |
DP 14 0,01 0,035 0,035 0,026126 36,693
DP 15 0,02 o035 i 0,035 0,04621 11,729

DP 16 0,03 0,035 0,035 0,052499 9,0871
DP 17 (Current) | 0,04 0,035 0,035 0,05383 8,6432
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Absolute Pressure
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= Analysis — examine the results
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ANSYS FLUENT &g 7.5
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[ 1.695e+001

0.000e+000

[m sr-1]

Two Way FSI
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% 78,7+ Multiphase Flows

The fluid system is defined by a primary and multiple secondary
phases.

* One of the phases is considered continuous (primary)

* The others (secondary) are considered to be dispersed within the continuous
phase.

* (Note that for free-surface flows, using the Volume of Fluid model (VOF), a distinct
interface is defined between the phases and both could be considered continuous)

Secondary phase(s) Filling d

@

© o

° ©

-y ©
©9 o ©°

S
#
Primary Phase
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{o

Gas/Liquid
Liquid/Liquid

o

Gas / Solid
<

Liquid / Solid

Multiphase Flow Regimes

Bubbly flow — Discrete gaseous bubbles in a
continuous fluid, e.g. absorbers, evaporators,
sparging devices.

Droplet flow — Discrete fluid droplets in a
continuous gas, e.g. atomizers, combustors

Slug Flow Bubbly, Droplet, or

Slug flow — Large bubbles in a continuous liquid Particle-Laden Flow
Stratified / free-surface flow — Immiscible fluids
separated by a clearly defined interface, e.g. free-

surface flow

Particle-laden flow — Discrete solid particlesina  stratified / Free- Pneumatic Transport,
continuous fluid, e.g. cyclone separators, air Surface Flow Hydrotransport, or Slurry Flow
classifiers, dust collectors, dust-laden

environmental flows

Fluidized beds — Fluidized bed reactors

Slurry flow — Particle flow in liquids, solids
suspension, sedimentation, and hydro-transport

Sedimentation Fluidized Bed

17 © 2011 ANSYS, Inc. November 4, 2019
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Sand/Particulate Transport

 Sand is often produced in both
onshore and offshore production
systems,

 Sand production may be continuous,
or sudden

e The sediment consists mud, sand and
scale picked up during the transport of

the oil
* Sand deposition could lead to
corrosion of the pipeline Internal flow of natural gas containing sand
particles.

* Problem of sand deposition and re-
entrainment can be addressed by Selected particle trajectories are
Particulate modeling in ANSYS CFD. colored in grey

The erosive wear hotspots on the piping is colored

out in red.
19 © 2011 ANSYS, Inc. November 4, 2019
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Sand One Way Coupled.Erosion Rate Density
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_ Valve travel effect on field flow and
deformation in valve

Project Name :
Flow Coefficient (Cv) Study and FSI Analysis of an Industry Valve
Problem description

e Evaluate the flow coefficient (Cv) as the function of valve travel distance
given a constant pressure decline.

e \erify the strength design of valve parts and check if any undesirable
deformation occurs.

Analysis tools :
e flow simulation software :

pre-processor : ANSYS DesignModeler + CFX Mesh (1.6M tetra-grid)
solver : ANSYS CFX solver (Finite Volume CFD solver)
post-process : ANSYS CFX-post

e valve parts strength calculation : ANSYS (Finite Element Method)

24 © 2011 ANSYS, Inc. November 4, 2019
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Flow Simulation Result
e Strong swirling flow occurs in the regions near

1. bottom of the valve body
2. top of the valve gate part
3. outlet of the valve
e High speed flow occurs near the |
gate opening. Cavitation risk exist W) \\\\\
in these region.

Velocity (Streamline 1)
[m s~-1]

Velocity (Streamline 2)
1

Im sn-

Velocity (Vector 1)
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Velocity (Streamline 2)
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Travel : 40 mm




LWVl Valve travel effect on field flow and deformation in

valve

Flow Coefficient Study Result

40 + Measure [
20 o CFX —

0 10 20 30 40 50 60

valve travel

Flow Coefficient Cv as Function of Valve Travel given 0.07 pressure drop
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o, 1167 Q /G

/AP
Valve travel Cv
10 13.1579
15 28.9473
20 50.8538
25 78.5938
30 116.5452
35 148.8508
40 164.5764
45 175.1532
50 180.9202
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Particle Tracking inside Valve Assembly

. Longer particle duration happens with strong
swirling flow except outlet region.

. Slurry build-up may happens during the valve
operation life cycle.

. " i T ”“’ / S3eS
/
. ”~
. . Velacity
ANSYS (Streamiine 1}

.- 4, 203e+000
Velocity
(Streamline 1)

4.088e+000
U - 3. 164e+000

3.066e+000

- 2.125e+000

2.044e+000

- 10864000 ‘ .
H\,ozwooo o o
1.125e-005 l/ -
z 4.715e-002 /

[m sr-1]
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Stress Analysis of the Valve Parts

Fm:tloml - volume 11 To volume.15
2007/3120 F 4 07:19

. Frictional - volume 11 To volume 15

[Bound Contact

l S
i
|
|
[,
P::
b 4=

o

[CFX results

E 0.000
0.050
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Total Deformation
Tupe: Total Deformeation
Tnit: m

Time: 0

2007/321 _£-F 08:56

5.435e-7 Max
483117
422727
362337
3.0194e-7
2.4155e-7
1.8117-7
1.2078e-7
6.0388e-8

0 Min

Pressure loading on the valve part
surface contact with fluid can be extract
directly from the flow solution.

ANSY'S
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5.435e-7 Max
48311e-7
422727
3.6233e-7
3.0194e-7
2.4155¢-7

0.000
0.050

0.100 (m)

Equivalent Stress Maximum Shear Stress
Type: Equivalent {von-Mises) Stress Type: Maximuin Shear Stress
Tnit: Pa. Unit: Pa.
Time: 1 Time: 1
20074321 4 08:48 2007/3/21 £ 08:49
4.0636e6 Max 2.1658e6 Max
361216 1.9252¢6
3.1606e6 1.6845¢6
2.7091e6 1.44396
2.2576e6 1.2032¢6
1.8061e6 962505
1.3545¢6 7.2194e5
9.0303e5 481295
4.5151e5 2.4065e5
0.059375 Min 0.032305 Min
zZ
0.000 0.100 (m) » 0.000 0.100 {m)
0.050 ! & 0.050
Total Deformation
Type: Totel Deformation
Unit: m
Time: 1
2007321 4 08:50

© 2011 ANSYS, Inc.
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Velocity (Streamline 1)
[m s~-1]




SHEXPE f[E2s Hydraulic Damper —
CFX Analysis

STF 1o %
[ K 10mm
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CFX Setting
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«  FHRICFX - Wimesh=FIER - ALIRAHE M Tupdate
« Bh=EExpressionE ACELTTH @ WEHEREAIZZIET
o  HMBEZEAIBExpression

. deltaD=-0.01[m]*sin(2*pi*0.5*t/1[s])

- IR BPlotiiE A RL ZIEE - LEBEEREEIEME

Cutline Expressions
Cekails of deltaD
BREY G Crefinition Plak Evaluake
= EEHpressiuns
e Mumber of Points 100 Dietails of deltaD

Expression

i s Expression Variables
I L CCL _
m,g mpor 0.01 é
g Export CCL —_ 1
" 0.0 E 0.003 o
Edit in Caormmand Editar Szl el e ' =
o] 0 3
[
B2 =
End of Range 12 [=] 2 -0.005
?s Expand Sub-Branches 001 1l
g Collapse Sub-Branches ' '
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ISl fhiBviscosityEiShear Strain RateAYFunction Table

Outline
Details of viscosity

fEUser Function[Z 12 AR FTIE - A48 E tEFunction 2218

Argument UnitsEzZ Bii A Shear Strain Rate ZEE{iI[s"-1] -+ Result Units
&% @i A viscosityBYEE{iI[Pa s] - Ml Z]i¥EExtend MinE2Extend Max

Function: viscosity

Basic Setkings

Optian

Result

Argument Units

Uniks

Interpolation Data

option

Coordinate

2,028

Interpolation {Data Input) A"
[s-1]
[Pa s]
|
One Dimensional A4

¥alue

2 0.01249
3 0.01565 2,109 -
E' Import Data. .. .

4 0.0z001 Z.118

5 0.02509 2.207

fiNL.0A1AL 2577

Coordinate

Yalue

Add Remowve
Extend Min
Extend Max
39 O ZULL ANDYD, INC. nNovermnper 4, Zu.lo

= EUser Functions
Insert

sub|
Simulal

8| Con [ | ® Insert Function |2 |[X)

MTaca M

[*.] Edit in Command Editar

Mame | wiscosiky

The Extend Min and Extend Max options enatle yvou to increase the valid range of the interpolation
furction beyond the maximum or minimum specified coordinate values, The value the function wil take at
coordinate values lower than the minimum specified coordinate, which is equal to the value at the
minimum specified coordinate, Similarly, the value at the maximum specified coordinate is extended for

higher coordinate values.
Value

A

Zancel

28.1.1.1. Extended Minimum and Maximum

Extend Minimum

Extend Maximum

i~ .
™ Coordinate

Specified

4‘_ -
Coordinate Range



WA Import Data

B vis izt - SR

0.01009
0.01249
0.01565
0.02001
0.02509
0.031¢1
0.03981
0.04998
0.06303
0.07960
0.1001

0.1259

iviscosityEShear Strain Rate Y I 22 {E B txt1E
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1% R Fimport Dataid FR 32 17 Z txt1EEE A

BRE REE HA0 W
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2.116
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2.302
2.266
2.217
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Inkerpolation Data
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November 4' 2019 Files of type: |Text Files(*.bxt) w

Interpolation Daka
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Coordinate
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3 0.01565
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5 0.02509

f L OLNE1ET

RN TNEE
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Details of vis

Cefinition Plak Evaluate

Expressions

- Funckions F
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Za Import CCL 2 A Variables 3 CEL > i
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Edik
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Dynamic Viscosity
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Results - Shear Strain Rate

St Edan Far

2o TIME=0[s]
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N VAL R

o TIME=0[s]

43 © 2011 ANSYS, Inc. November 4, 2019



Results - Viscosity

44

p—
Desaanic Vscondty 74 [ .E‘:.,:. ;‘
Cormyar * T'ME: 0 [s ]
Al
2030
bon
| Fadse
- 200
2083
1642
4.1
119
u H
' 0 50.00 100.00 (mm) 1
L e -—
25000 7500
K NEL

b
Dysarnic Vseomy ™. J

e \ TIME=0[s]

© 2011 ANSYS, Inc. November 4, 2019



WWSEH Results — Pressure, Force and Displacement

Piston Head:=fe # 22Piston Head = #% i 1%

TR Ty 10000
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= Leading Companies Use ANSYS for Rotating
ANSYS
ANSHR Machinery Simulation

ANSYS customers include.....
e All 5 of the top 5 largest aircraft engine manufacturers
e All 7 of the top 7 largest gas turbine manufacturers
e All 7 of the top 7 largest steam turbine manufacturers
e All 5 of the top 5 largest turbocharger manufacturers
* 8 of the top 10 largest pump manufacturers

..... in the world!

ANSYS software is the most commonly used CAE tool for.....
* Hydraulic (water) turbine simulation
e Wind turbine simulation

Auxiliary
Power Unit
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Widespread Usage of ANSYS Across Industry
Sectors for Rotating Machinery Simulation

. Ground/Marine Chemical
muborsrramsli Process/HVAC

*GE *Alstom *ABB Turbo *Allweiler
*Hamilton *Andritz *Borg Warner *Cameron
Sundstrand *Dresser-Rand «Bosch Mahle *Carrier
*Honeywell *GE «Coritinental *Clydeunion
°|ITP *Hitachi «CulTEee G b o *Dresser-Rand
*MTU *|IMPSA Fird *Ebara
*NASA *Mitsubishi GM *Emerson
*Pratt & Whitney *Rolls Royce Honeywell *Grundfos
*PW Rocketdyne *Parker «IHI Turbochargers *Hitachi
*Rolls Royce *Siemens Luk *KSB
*Snecma *Solar Turbines *Napier *MAN
*Teledyne *Toshiba -Pierburg *McQuay
*Turbomeca *Vestas *Rolls-Royce Marine *Praxair
*\/olvo Aero *\oith Y *Trane
g *York [
0 ; Courtesy oI
. Siemens AG | Borg Warner Courtesy
Dresser Rand il
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1555 ZHF 7K 3R --- Baker Hughes

Problem
Baker Hughes produces a special patented » "a"a‘;:;:ff:d‘:‘:mgh
Electrical Submersible Pump, called the MVP, : & ﬂl h StepUprransformer

that handles up to 70% gas by volume.

Solution

Baker Hughes uses ANSYS Fluent to simulate
the two phase flow in the MVP pump to
show how the fluid behaves inside the pump
and how to improve the product.

By using ANSYS Fluent, Baker Hughes received a better understanding of their
Electrical Submersible Pump and were able to improve it’s performance.

Baker Hughes Inc. B 52 R HT

ERE=—NHEHBRB AT
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Centrifugal Pump &5t &
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Workbench Integ

Vista CPD (Centrifugal Pump Design)
— Native Workbench application

— Ability to use Vista CPD directly create

* Blade geometry model
* Throughflow analysis
* Volute geometry and mesh

]
N T TSI

NADRZONRDBO

El
u.

ration of Vista

CPD
== h

e

|! Blade Design  +* |

- @) Edit..
Vista CFD
Import BladeGen File. ..
( Create New L4 BladeGen -
7 Update Geometry F Mol
ﬁ Blade Design  +" ¥ v 4 @ Geometry v 4
Reset | Throughfiow |_
Blade o v 4 @ Mesh v 4
@ Rename o S
v 4 pd Parameters

Properties

Model

9 Results

Throughflow

Add Note

SYS
R14.5

AN

0.00 100.00 (mm)
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50.00
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Workbench Integration of Vista CPD

%2 D2:PCA Engineers Ltd Vista Centrifugal Pump Design 15.0

WVolute v Calculate - ‘ ‘ Close ‘ Sketches | Efficiency Chart

Operating conditiond | Geometry | Results

Casing rotation angle 14 deg

Section Tvpe

@) Elliptical / cireular

Rectangular . ..
psctro | | Operating conditions | Geometry | Results

[ |
l Crverall performance
Diffuser
User defined dian (2 3 s g s Poarer ﬂ(W} °
User defined leng 082 2adi 43.4 315 195
head coeff flowr coeff Es MFZHr {m)  diffn ratio
0,461 0053 1,009 332 0,040
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Workbench Integration of Vista CPD

BladeGen - [F2: Throughflow (Bla

#] File E
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Turbomachinery Workflows in Workbench

57

— Ability to create directly from Vista
preliminary sizing tools
* Vista RTD/CCD/CPD

— Improves ability to explore and analyze
geometry generated with Vista preliminary
sizing tools, using throughflow analysis

3D CFD Analysis

© 2011 ANSYS, Inc.

November 4, 2019

New Throughflow System in Workbench
— Combination of geometry and Vista TF

iy Geometry v

ﬁ Setup v o,
Solution vy
@ Results v
Throughflow
B piodeDesign
Vista CCD & Edit.
Import BladeGen File...
23  Duplicate
Create New »
e o | =
! Blade Design  +* FoUpdate 0| esesed
Throughflow
wr | e ST
o —
EE Rename
Properties
Add Mote

! Blade Design

P E S

Throughflow

=N o

@

DB PD DO A 2
coooco8cocoee 3

SonorZanes
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N8EBBBS
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Turbocharger S
radial inflow ‘ q
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Industrial backward-inclined centrifugal fan
15 blade, shrouded wheel
Scroll volute with rectangular outlet

Numerical model

* ANSYS FLUENT

* Steady-state (MRF), incompressible flow (air)

* Realizable k-¢ turbulence model with wall functions

* Steady-state solutions obtained over range of flow
rates at constant speed (fan curve)

58 © 2011 ANSYS, Inc.
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Positive Displacement Pumps: Types

60

Vane Pumps

* Arotor with sliding vanes positioned off-center in a
housing. Pumping action is caused by the expanding
and contracting volumes contained by the rotor, vanes
and housing.

Gear Pumps

* Gears rotate in opposite directions and mesh at the
point in the housing which is between inlet and outlet.
Liquid trapped between gear teeth and housing, and
carried two separate paths.

Lobe Pumps

® Operates like a gear pump. Lobed rotors spin in the
same direction.

Gerotor Pumps

* Fluid drawn into and squeezed out of cavity formed by
two rotating, intermeshing gears . Has smooth pumping
action, and works well with wide range of fluid
viscosities.

Piston Pumps
* Reciprocating piston pressurizes fluid.

Crescent Pumps
* Consists of two rotating gears separated by a crescent-
shaped divider.

© 2011 ANSYS, Inc. November 4, 2019

Vane pump
Gear pump

Lobe pump

1 ]

Piston pump

Crescent pump
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= Twinmesh
ANSYS
NS Rotary Positive Displacement Machines
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~  Twinmesh
Rotary Positive Displacement Machines

) EPFIRIE ) HPC ) ANSYSEnsight ) ACT )  ROCKYV+FLUENT > Particle Plus & DSMC Neutrals »  Twinmesh
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Twinmesh
Rotary Positive Displacement Machines

) E’%Fﬂﬂﬁ) HPC > ANSYSEnsight) ACT > ROCKY+FLUENT > Particle Plus & DSMC Neutrals > Twinmesh )
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TwinMesh

Berlin

Seven steps from CAD to/Mesh

« TwinMesh is a novel software, developed by CFX Berlin Software
GmbH which generates high-quality hexahedral meshes for the
rotating parts of axis parallel rotary positive displacement machines.

Simulation Workflow

Stator

Rotor 1 Rotor 2

Split of the simulation Numerical calculation

domains into steady with TwinMesh and for the with ANSYS CFX
and rotating parts Steady parts with ANSYS ICEM

CFED or ANSYS Meshing
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Simulation results &L

Screw compressor

Berlin

* General analyses (Torque, Power and massflow)
— Power: 41.2 kW
— Averaged volume flow: 890 m?3/h

Massflow
40.00 e de 090 2 JEREEe _JRocCioTORSCRNIENERIRERRY 0 JERENRR. SRS
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E w
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= &
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=~ Results-Pressure
ANSYS
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=~ Results-Animation
ANSYS

ANSYS
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BIZ 98 & 7 VT & /712 )

Engineered Scalability

Flexible model setup enabled by the scalable, adaptive
architecture of ANSYS Workbench

m Wing CFD Complete - Workbench
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Total Deformation

Time: 1
6/18{2009 6:50 PM

r 0.00035212 Max
0.000313
0.00027387
0.00023475
0.00019562
0.0001565
0.00011737

777777777

3.9124e-5

= 0Min

Equivalent (Von-Misses)Stress

C: Static Structural (ANSYS)
Equivalent Stress 2
Equivalert (von-Mises) Stress
i
Time: 1
6{18/2009 £:51 FM

6.6334e5 Max

5555555

1.475e5
73810

118.52 Min

/5 W ZULL ANDYD, INC.

Novemper 4, Zuly

Fatigue Analysis

e Stress Based
Fatigue Life

e Constant
Amplitude Load -
Zero Based

RO -




FlowNexJR /2 Al Eh % ﬁf&FCFD/\ﬂ‘ﬁTS'Zm

YV V VYV VYV V VYV QO

vV V. Vv O

76

Plpe 0 {(Pipe) J
: ; [EIFY
Library of components defined through lumped parameters > P_D
ENulier 1pe -
Pipes, Bends Dewrigton ’
Fans, Pumps T
Diowenstream node
Heat eXChangerS g I ' s ’ l 'e Z Elluui;d;atareference Click here to select...
L eometry
N 0Zz I €S Ceometoy option Specify geometny %
Le a M
Valves s 7 Gy e B
- Cross sectinnal option iameter
Accumulator q b = @ -/ Yarizbl area o =
Controllers, Scripts (e |
F mgggBOUT Fte:sqjts
Turbines & combustor S colon i & | _
MV ouTL
Gear pumps ookl
Components are connected in a network L T i
Flow distribution ( » oo @
Heat transfer \ J )
s - — — g HT
Masstransfer r\ g —o [ ™
: FLO X ” W ? ? <+— Boundary Element
SIMULATION ENVIRONMENT ‘ ' [ : ‘
; 2; z 91 <+— Boundary Nodo
f
Boundary Condition

© 2011 ANSYS, Inc. November 4, 2019



THEAI T4

« HBIR=MECFDEGRETE LM RMA D - IRHERKBEMHERS

« MRAARBITERABZRIELR - BTHIONBRES N - BATUTHS
ERYIREA T

«  IRF—4ECFDERBS(Flownex®SE) 73 - ol Z R B AR IRIBTE E RV

HOE
Z
&
=
m
S
PR §

13)j0u0) ald

I—b

-
N HVAC -

inthebigroom.com/

Creative Commons Attribution 4.0 International

77 © 2011 ANSYS, Inc. November 4, 2019



FlownexHY 11 FE

AIREMERRRGERD - SRRREERE
R mBe IS IERIZ0E - AR A J
REFEIRERMTEENE  Weg
K2 B RTHES - BE - FE..... aqu'xyfﬁgl
AT EERE - MR AT REBIEINAE « 1
o] B E B B A ANSYS EExcel... (EIB S DTN INAER S

\I-

O
O
O
O
O
O

78 © 2011 ANSYS, Inc. November 4, 2019



Flownex% i T4

%“14: Aeas P - el - A - 1Bl - B|EE - FEE
B mRARE - REFTEmER.....5
Pipe Two-phase tank Valve Turbine Compressor Centrifugal pump
:x\' ) 1:'-"“ 1 i ; 5
Composite _
Shell-tube heat transfer Steam/water trap Venturi flow

Flow resistance

iy heat exchanger meter
wC-S@®& P &

79 © 2011 ANSYS, Inc. November 4, 2019



Flownex#Z fll ToHF E

C3EHIES - IEESS - IRESS - TS - (RELES - FART - ATEIE8 -
IR  EEERER - o RMBmAR....F

PID Time delay Pulse timer Wave Function generator Toggle
Q 2| <TS B OUT‘ > i |
PV OUT H J N
sP |\ [ouT | I L7
MV ouT L
LouT|S (=[S IE w

4 input OR Comparato Integrator DCS

Integrator
| Initialize
Input 1
Output
Input 2
Balancing
Balancing Valus
Disable

COUNTER
bl INC AT CNT | b

VA
MAX CNT CUR CNT
RESET STATI /

RUN

5

80 © 2011 ANSYS, Inc. November 4, 2019



FlownexEs 22 To 14 E

| DIBR RS SRV B RR B iZ ek A2 B L AV 1=l

O

2D increment

Track bar Progress bar

Push button Dial
2 r
iPfFEffnii 3
| .

Toggle button

» L

e m—

sDincrement ey ig property graph ~ Scripting tool
Pie graph

Sy

N
.-

81 © 2011 ANSYS, Inc. November 4, 2019



ANSYS TR I

Condenser

10 =y

3

Pipe

4

h 4

Expansion valve ®

5

Y

i o AN AN

Evapourat

Temperature Sub-cooled liquid
i

region

Entropy

www.flownex.com & sales@flownex.com

82 © 2011 ANSYS, Inc.

November 4, 2019

Compressor

>k

TR

/A BE 4= YA VEE 4
el T oY

BiR

A~ =l B E= B Y7t B HY 3R ED

P
NJO
D0 6 RRENETHREBEL
D 2, ReD = YILE =
M BC10 BC9 1.04 —
¢ 1.03 —
N3 2 1.03 \
» 3 — 1.02 \
V [ g £1.02 \-.I\
3 101 \
i P G7 \ |
7 - 1.01 \
:J I 7 1.00 e Py
Bca 1 ot 1.00 : : : |
0 20 40 60 80 100
9 Time [s]
* ? 0.650
\.«_’w_’\.« 0645 /-~—
0.640
N5 N6 o) [V
4 20.635
£ 0.630 /
. 3% 7
,” 0.625
éoezo /
T P ’ /
\
> % 6 7 0.615
; - 0.610 , , ; :
~ * 0 20 40 60 80 100
BC7 M BCS8 Time [s]


http://www.flownex.com/
mailto:sales@flownex.com

ANSYS R e A

CADMEN

Taiwan Auto-Design Co.

« BIKRMESGEIFTEWRANIES > E2ABBEIFIEF ORAM
© BT~ RN BRFRGT R T SHRA R RS RS |
. FlownexFﬁﬁ" DM EVRK G QA AR ERARE » B — =t g,

\‘\\»

Air cooler
R

]
- RN =
i}

e e B e B B el e
1 |

Data center 2

¥
‘ » 4 - ‘, Figure 3.8 Double-ended loop with dedicated cross branches.

83 © 2011 ANSYS, Inc. November 4, 2019


http://www.flownex.com/
mailto:sales@flownex.com

CADMEN

Taiwan Auto-Design Co.

by
5
3
-4
bl
x
~]

| = . C TRI B 69 % 3 4 Sobi i
= g ST Sy :-‘:l' Sl L RAIKBRIRRA G SR
— SN BLMEEADK ¢
pill L -k v E Rk B — RAEHA
—i A [ N IRCE? F,J?L% + Fd
i - 0 : . gaame & . S * /3 "3[7 7J( OILE Ebpulnpﬁii
Whump - pume01 o lum-.-.»»_ ﬂ.z‘. ) '-'w -
ZRRAS e S A “,“" - ‘-, “ < = | .r 7#\- /{
o\ 8% 4B PIDIEH B 12
Eae . wmyiifa- Y
Fosed '*‘."4 %IJ 7N @4?
o — -
v—~'~v—
_'H_g'-— —

rour e

E‘(ﬂu B NAFHRA LY 5 —

Research Center of Computational Mechanics, Inc

84 © 2011 ANSYS, Inc. November 4, 2019



EMEE R R

CADMEN

Taiwan Auto-Design Co.

200 x 150 x 1 (mm?)

- /(\%5&%@@%0.03 kW
200 x 150 x 10 (mm?)

1/ [570x12x 390 (mm?) » H28 &

ﬁ
RS
Mass flow rate = 0.005 kg/s
T8 €

85 © 2011 ANSYS, Inc. November 4, 2019



EMEERIE

86

CADMEN

Taiwan Auto-Design Co.

& k2 E b3
i ¢ ‘ ¢ “ . - ® | . g
o ‘ d o ‘ F ‘ < o ‘ ¢ ‘ 94
< ® e e o
®/ | ® e ¢ i@
¢ ® ¢ @
| ¢ @ s @ ® @ | KEA
Do - -5 - .
v \
8 f 7~
(:‘——t‘I—V‘ e o 5>
© 2011 ANSYS, Inc. November 4, 2019



: == W A ok
IWSal EtelE R ER
CADMEN
Taiwan Auto-Design Co.
APk Ak mE (CC)
‘@@ @ -@®- - -@-@® A
e © o o ® o ——t——
2 LA o o -
L I >
e - ¢ ¢ - @ @ -9 . C =/
T N
X . w . @ . W
EqgiperingTogal solugd /s Inlet Corner Outlet
ThEk@BECO oA | E 2 T3
A(TEZ &) 273 29.2 30.1
B( ¥ #R¥%) o i 297 4 284
CURZ &) 2 23.9 24 .8

87 © 2011 ANSYS, Inc. November 4, 2019



AP
N
T
g\ﬁl’r
&
=<

X
@ CADMEN

e ,_ = H Il Taiwan Auto-Design Co.

| .. A .
Battery Battery i i < - < « < @ < < < < <
mono cell B mono cell o : ;. ‘. : . . ' 2
“ ' o‘o’o‘o‘o‘o‘o‘o‘o‘o‘o
8 ! ! : * @ @ @ @ @ @ <@ ® ®
11 R 1 N & 2 S & S R R R RERE RS RE R RE R
— % 3 i’ /  dRdd . &8
\ﬁ; | - - - - - Air chzimbcr - - - - - - - -
I — L o s o e SO SN s . S 1PN O —— ——.
’ M T T T T —— Water cooling plate I
Water cooling plate \:il:‘tno Flownex'%,&ﬁiﬁfgéﬂ:ﬁ @
s — 4B AN EH c LEmAIAMEF L EEH Rk —EEE ) SHFEZIRYRE
BAETh PRIGHRERT AR ﬁi“ﬁ‘?}‘é’]i‘) AR i’sz*)i LELER R

B8R 0 R BRI BIRT F 8 KSR ESTH IR B
o 02 kg/stE BT » mBE #2331 °C

88 © 2011 ANSYS, Inc. November 4, 2019



BRI Sz

p =111

BESD

CADMEN

ey, ‘Q& *ﬁ#& Taiwan Autn-llz)c;;lr;; ;
—)
Bey R REALT~18°C i
f’%,}\*%‘% Q'JANSYS*&? %{; Kﬁ/ﬁ'%% /Er\é;ér_— B . Rear restrictor Q
ANSYS | T
Inlet restrictor s onent:,ﬂ .“"_- Outlet restrictor T
—"-N*K‘—w ; > K po— PP —se
101 kPa, 25 C, air T
'? Fan pump  Air cooler Tpipe
o g a
-10 . 1000 kPa, 10 "C
kg/s ©) £) R134A coolant

89

© 2011 ANSYS, Inc.

November 4, 2019



e

18] il t% 55 2= i % 47

FlownexaT & A [ B2 7J:|]:1 ANSYS
ANSYSKBE;a & - B2kl
ﬂ?ﬂﬁéANSYS%n':|:|'admittance£ﬂ|':|:'|EI 2 & 2 88 ZFlownex

\ll

T

Flow solver inlet pressure

--------*

‘---------

K AR LS
Flow admittance

Outlet temperature

90 © 2011 ANSYS, Inc. November 4, 2019

Sl g 4L

Inlet mass flow rate

Outlet total pressure

Inlet total pressure

Temperature distribution




1 Al 1% P2 22 5 2 4t

Particle Traces Colored by Particle Velocity Magnitude (m/s) AE T e 150 3:‘,;:'.; ,23;.5) Contours of Static Temperature (k) ANSYS Fluent 15.0 ls?p;?'s,zgl::;
k. % F AR Sk 5
Inlet mass flow rate 5.734 kgls Flow admittance 1.3704
Outlet total pressure 713.24 kPa Outlet temperature 290K (17 °C)
Inlet total pressure 737.26 kPa
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