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Outline

> Strategy for 1-way coupling
— Simple Method: Isothermal (cold) PowerFLOW simulation
— Advanced Method: Thermal (hot) PowerFLOW simulation

> Coupling PowerFLOW with KULI
— Process of data exchange
— Example: Land Rover — Vmax (operating condition)

> Proposed strategy for 2-way coupling

— Quutput coolant circuit data from KULI

— Read data into PowerFLOW
— Issues regarding 2-way coupling

> Summary
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Coupling with KULI

> Inputs to KULI

— Heat exchanger (HX) data from Supplier

HX Geometric details
> Height, Width and Depth
> Numer of tubes
> Tube crosssection

Pressure drop characteristics (test data)
> Pressure drop vs. massflow

" Thermal characteristics (test data)

> Net heat rejection
> Air entry temperature (ambient)
> Coolant entry and exit temperatures

— Qperating conditions from OEM for each HX
Net heat rejections
" Coolant properties and flow rates

b\
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Simple 1-way Coupling with KULI

> Perform cold flow simulation with PowerFLOW

> Obtain massflow into the cooling package
— Massflow through grille

> Provide this as “Massflow Target” to KULI

PowerFLOW

............
.........
|||||||||||||
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Simple 1-way Coupling with KULI

> KULI calculates air-side properties
— Simple 1D calculation for air-circuit
— Can NOT handle recirculation

— Ad hoc (manual) splitting of airflow through components
User defined “air-paths”
* Not sophisticated enough to handle most practical underhood flows

)

xXa
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Need for Complete Integration of CFD data

> Simple 1-way coupling
— Pressure data from CFD is ignored
— KULI recalculates air-side pressure field
— Air density is calculated based on this
— Creates discrepancies in massflows

> Advanced 1-way coupling

— Disengage air-side calculation in KULI
* Pressure, Temperature & Velocity fields from PowerFLOW

— KULI solves the coolant circuit only
" Provides Top Tank Temperature

— Leverage strengths of both KULI & PowerFLOW

* Utilize thermal calculation in PowerFLOW
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Advanced 1-way Coupling with KULI

> Perform Thermal simulation with PowerFLOW
> Provide V, T and P fields at front (and back) faces of each HX
> KULI 7.0 can NOW use Pressure data from CFD

LR319 35GTW (B8k) LR319 35GTW (88K)

T
Extract Slices KULI

xXa
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Data exchange with KULI

> Without reverse flow, only front face data is needed
— Output data is provided at the back face of HX

> KULI can NOW use Pressure data from CFD
— Previous option was to read it in but “ignore” the data

General data Input data I

CFD input file [v generate output file
CFD input file [ C:ASupporthT estsKomponenten' Cfddirekt_testinput_vome, TXT
Calumn v ¥z Vv VT v p
+ uze " use
" ignote (+ ighore
Unit Imm E”mm E”rm's E”K E”Nim’? =]
Shift CFD coordinates in y-direction by |1 mm [y_KULl =y _CFD + dy)
Shift CFD coordinates in 2-direction by |2 mm [z_KULl = z_CFD + dz)
CFD output file | C:ASupporthT est\K.omponentenh\CFD T estausgabeHinten. txt
Column | ¥z v 0 VT [ p v
Unit | rim ;I | mm jl kwiim™2 jl K ﬂl mkbear :II untransfurmnll
v shift lower right block comer into origin for output
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Data exchange with KULI

> When input data for both front and back face of HX is provided:
— Ifvelocity is positive, entry values are taken from front side

— If velocity is negative, entry values are taken from back side

General data Input data ]

CFD input file + o ™ front only [V generate output file
CFD input file [front) | C:ASupport\Test\K omponentent Cfddirekt_testinput_vome. TXT
CFD input file [back) | C:\Supporth T est\Komponenten' Cfddirekt_testinput_hinten. TXT
Calumn Vv v | Vv v T v p
* use O use
" ignore + ignore
Lnit mmim j I mm j I mds jl K :” M/m™2 Ll
Shift CFD coordinates in y-direction by | 1 mm [y _KULI =y CFD + dy)
Shift CFD coordinates in z-direction by | 2 mrn [2_KULlI = 2 CFD + dz2)

CFD output file (front) | C:\SupporthTest\Komponenten\CFD Testausgabe. bt
CFD output file (back) | C:\Suppoth T est\Komponenten\CFD T estausgabeHinten tat
Colurnn Vv Vv v 0 VT . vV

it | MM j I mm ﬂ I kKwiim™2 j I K __‘J l mbar L” untransfurmnj

[w shift lawer right block comer into arigin for autput
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Format for CFD data to be imported

>

>

PowerFLOW distribution now contains a new script

gen_pm_plane_kuli (based on exaritool), which

— Reads in a specification file (pmspec.in)

— Reads in a fluid file (*.mmh.nc)

— Generates an ascii output with extension .txt

Format of the output file to be imported into KULI:

oo oo oo oo oo

Y(m)

.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02
.6z0000E-02

oo oo oo oo oo

Z(m)

.400000E-02
.1z0000E-01
.200000E-01
.280000E-01
.360000E-01
.440000E-01
.5z0000E-01
.600000E-01
.6B0000E-01
.760000E-01

oo oo oo oo oo

V(m/s)

.60T950E+01
.60B019E+01
.60TBYBE+DL
LBO0T9EZE+01
.60B01ZE+01
.60B0ZTE+DL
.60B07T1E+DL
.60B02z5E+01
L607944E+01
L607T941E+01

oo oo oo oo oo

T(K)

.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03
.Z296850E+03

oo oo oo oo oo

P(Pa)

L1013237578E4+06
L1013238125E4+06
.1013238516E4+06
.1013238281E+06
101323953 1E4+06
.1013238516E4+06
10132395 75E4+06
101323929 7E4+06
.1013238594E+06
.1013238203E4+06
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Example: Land Rover — Geometry Details
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Example: Land Rover — Geometry Details
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Land Rover — Geometry Details

Example




Example: Land Rover — Geometry Details

xXa
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Example: Land Rover — Geometry Details

xXa
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Example: Land Rover — PowerFLOW Setup

Ceiling ——»
(Frictionless)

DWT Width = 58.76m; DWT Height = 51m
Blockage Ratio = 0.1%

Inlet ——» <+— Outlet

(Velocity b.c.) (Pressure b.c.)
VRO0(1024mm)
VR1(512mm)
VR2(256mm)
VR3(128mm
VR;(Sme; VR4(64mm)

Floor ———»
(Frictionless
outside VR5)
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Example: Land Rover — PowerFLOW setup

VR6(16mm)

|

VR7(8mm) — underhood initialized with V=1m/s

VR7(8mm) — underbody initialized with V=1m/s

xXa
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Example: Land Rover — PowerFLOW setup

VR7(8mm)

VR8(4mm)
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Example: Land Rover — Flow Results

Tey ikl Tey k]

Time = 0002936, frame=10

I I | I I I 1 I Time = 0.002936, frame =0
315 325 335 345 395 365 379 315 325 335 345 355 365 375

Flow was initialized with uniform temperature field (42.3C = 315.5K)

xXa
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Example: Land Rover — Flow Results

Tey ikl Teqedtature [deck]

Time = 0085150, Trame = 14

I 1 I I I I I | Time = 0.085150, frame = 14
315 325 335 345 395 365 379 315 325 335 345 355 365 375

Condenser produces uniform heating — heating up air entering the Radiator

xXa
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Example: Land Rover — Flow Results

= i ] W= i ]
= . Time = 0.085150, frame = 14 M m — Time = 0.085150, frame = 14
— -5 a

5 10

Velocity field on the Radiator face is fully established by 40,000 timesteps
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Example: Land Rover — KULI Simulation

> Simple 1-way coupling
— Provided 20x20 Velocity field on Radiator face
— Used Standard Resistance Matrix within KULI

‘™™ Resistance matrix [LR319-P1R11-40k-20x20-vel.resmat]
File Exfras CFD-Data
02 e 68

Resistance matrix

™ Add/Edit resistance matrix

Inpt data KULI Fesistance matri: l

KULI CFD file |LR219-F1 R11-40k-20520-vel cfd

Camnerts | LR 9-P1 R11-20020-vel
Blacks used for CFD Matrix (2.0. 1:24) 400
Ambient air pressure hPa] 1013
Ambient temp. [*C) 4%
Ar humicity [%a] 40
Lnit of field coordinates ) m

File

Resistance matrix |1

|derrifier [T

Type
i® yse standard resistance matrix
" use direct CFD interface

i use velocity depending resistance matrices

|
Carmpanent |LR215-P1 R11-40k-20320-vel resmat =R

=] Posiion of CFD data fisld
Paosttion y-cirection om] 0 i
Piosttion z-direction [mnmm] 0
b=, number of shown values
1000
y-coordinate Z-coordinate welocity in
- Diirection [rid]
0. E08 001264588 FNIEes
) 00506 00275452 14316
Mocify KLILI CFD file... 0.01508 0.06324%8 2 89331
001506 00286482 2TT2ES
001506 0113848 2HE242
001508 0129147 28142
0.015068 0164447 21514
tiEkod 0.015068 01 %4746 291566
IMSL b 0,01 506 0215046 2 40563
Class Limit 0.01508 0.240345 210973
[ Classtyx o 0.0 508 0 ZEEE4E 202631
Lo\l 0.0 508 0.2a0945 2E119
0506 0316244 2EETE
0506 0341544 047
0506 0366542 83732
0506 0382142 ZH6028

SEXa
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Ele Exiras CFD-Data
Deae@

Resistance matrix

Input clata KULI Resistance matrix{

KLULICFD fle [LRZ19-P1 R11-40k-20:20-vel cid

Commernts |LR19-P1R11-20x20-uel

Blocks used for CFD hatrix (2.9.1,3,4) 400

Ambient air pressure hPa) 1013
Ambienttemp. [°C) s
Air hurmicity [2] T
Linit of field coordinates m

E

Position of CFD data field
Posiion y-direction [nm]

Fosition z-direction [mm]

Ma. number of shouwn values

— A
U |

—

1000
y-coordingte Z-coordinate Welocity in
2¢-Directon [my
0.0 506 0.0 26458 203865 j

0.0 506 00579493 314315

Macify KULI CFD file.. 001506 00632458 269821
0.0 506 00535483 277258

001506 01133848 255242

001 505 0138147 25143

0.0 506 0164447 218514

btog 0.0 506 0156746 241566
IMSL B 0.0 508 0.1 5048 2 49663
Class Limit 0.0 508 0.240348 310873
o | 0.0 506 0265645 300581
L 0.0 506 0.250845 2413148
0.0 506 0316244 25675

Example: Land Rover — KULI Simulation

™ Resistance matrix [LR319-P1R11-40k-20x20-vel. resmat]

CFD velocity field
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Example: Land Rover — KULI Simulation

CFD velocity field

z [mm]

HIRROEEOO00LEOES

BL1

vy [mm]

KULI - Velocity Map (Driver’s Point of View) PowerFLOW - Velocity Field

Mapping of Velocity field from PowerFLOW to KULI

Xa
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Example: Land Rover — KULI Simulation

Advanced 1-way coupling
— Provided 20x20 V,P, T fields on Radiator face

— Used Direct CFD interface

"™ Add/Edit resistance matrix = [E03X| @ 7" direct CFD interface [LR319-P1R11-40k-20x20. kuliCfddir]
File File

02688 a

Resistance matrix |1

|derrifier [T General data ‘
Type GF D input file (" frontand back ® front only [v generate autput file
{7 use standard resistance matrix
(& use direct CFD irferface CFD input file | CEal T MCIKUINLRZ $ULRE19-P1 R1 1 -tm4-20020 bit
" use welocity depending resistance matrices
Calurn [ [ [ [w 1 O
® use ® Lse
Campanent |LR319-P1R11-40k-20%20 kUl Clclr -";.- = @. " ignore " ignore
Unit fm |l s |l - |IPa
Shift CF D coordinates in y-direction by 0 mm fy_KULI=y_CFD +dy)
Shift CF D coordinates in 2-direction by 0 mm (z_KULl=z_CFD +dz)
Ok Cancel
CFD outpt file | GExal T MCIKUINLRZ S\Comnonents\LR21 3- P1 R11-40k-20:20-kuli-cid bt
Coluran [w [v v o v 1 v p i
Lnit Im o |l | e MK . |IPa .. |lanstormed

[w shift lower Fight black corner int arigin for ouLt
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Example: Land Rover — KULI Simulation

PowerFLOW - Temperature Field PowerFLOW - Static Pressure Field

Additional fields mapped from PowerFLOW to KULI




Example: Land Rover — KULI Results

| ll !l !lllll (Standard Resistance Matrix) (Direct CFD interface) I I"Il

(TTT) :




Proposed 2-Way Coupling with KULI

319 35GTW (B8K)

PowerFLOW HX test data
Case Setup v
KULI Setup
| !

Scrip

R PowerFLOW
Simulation
Sn

Pause Simulation

Extract Slice Data g

Resume

W Create updated .cdi <4+ Export Q, Teooiant
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Issues with 2-way coupling

> Heat (Q) distribution can be output from KULI
— Read into PowerFLOW
— Prescribe local heat addition within HX
— Need to develop the interface and methodology

> Platform dependence
— KULI only runs under Windows
— PowerFLOW (SIM) runs under UNIX/Linux

> Data exchange process
— Requires sharing filesystem across mixed OS
— Current process: manual sharing of data

> Coupling process control

— Allow job control commands to work across OS
" UNIX/Linux to Windows
> PowerFLOW sends signal to KULI
" Windows to UNIX/Linux
> KULI sends signal to PowerFLOW
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Summary

> Simple 1-way coupling
— Already in use by PowerFLOW client(s)
> Advanced 1-way coupling now available

— Script distributed with PowerFLOW
— KULI now uses Pressure data from PowerFLOW

— Complete integration of CFD data (P,V,T)
> 2-way coupling with KULI
— Poses some technical challenges
— Need to provide heat (Q) from KULI to PowerFLOW
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