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New user interface
Released with KULI 18
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Challenge...

E KULI - System generation [Ex_Fluid.scs] PY M O re a n d m o re Co m po n e nt types

File Edit  Library View Output Extras Windows; / Toolbars Help

GIBIE]  Hest Exchonger s ol I REC e EE e B- and functions have been added

CIEIE 1ADo=k @~ @ O @ @~ =~ &~
i

Speed-controlled fan

@- Stage-controlled fan B Condenser
'@ Evaporator
B Super Charger ® ¢
| - Effect on Ul and workf
1 Resistances Air Side ] Z  FExpansion valve eC On an Wor OW
A CP-Value &y Refrigerant PFC
P €  Resistance matrix [=1 Storage tank
i - X X % AC Phase-Separation
Ld direct CFD interface e et
Q@ Point Mass & AC Plate Heat Exchanger
[:l Heat conduction component &) Expansion device
a Engine 2 Steam valve
[E] Shut-off valve
@ 2D/3D Char.Line / Map
. . «  Compact view
2  M-dimensional Map
Fluid compeonents >
HVAC components »
Electr{on)ical components »

[ ]
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New Ul released with KULI 18

v Help

v ® K

v ix

File Simulation Tools V
+ ==

0 B

& Project view

I Project: "default”

- 0@ Path Settings

i@ Analysis Options

=P Cocling systems
ChillerTestRig_farFMU
CRFM-Package_for FMU

Ex_Fluid

Ex_Off_road
EXCAR 1.PFC [0] 1.TUB 1.HFL 3.TUB

ExCAR_BiR
Entry temperature

ExTRUCK
1.PRESS 1.PU 27uB

ExTRUCK_paravar
Out @ Out
n n

LB " 9a@ o @

General data | & Circuits / Air path | 8 Air side [l Simulation parameters

RadiatorTestRigAirMassFlow
RadiatorTestRigAirMassFlow_forFMU

1.CONF

1.DatazD

o

2.CONF

1 +{M-flow ratio br. 1 (target approach) |
AR

BR2 1RES
n
Qui
1.CAC 1.0IL 1.nFan Simulation parameters
1.CAC] 1PFC

[PWM_RPM &} — «{Input speed |

—3) o
n L&

u_

& &

Output || [ System report
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©4 Search online... X +
B Library v R X

x|@
Controllers / Interfaces

+ @ crans

Water circuit

Charge air circuit
Qil circuit
A/C circuit
@ sear

Exhaust gas circuit

@ODO

©®

Ambient circs

&) Heatex s
» A side components
> Fluid side components

E] HVAC components

(@ orive components

uit

» components
Optimization components
E] Miscellaneous
. Subsystems
[ Library | & Air side components 3~ Connectors
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Released with KULI 18.1
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KULI fmu pro
= Suppliers OEMs

» Know a lot about their components * Know a lot about systems and have data
» Want the OEMs to use their components * Need components from suppliers
» Want to keep design know-how privately * Want to use these components in their system simulations
» Use KULI software * Use ANY simulation tool
@ =
A
1.CF
'”_]'_ 1.RAD []

Out — Qut

How?

KULI Software

Simple component testbench model System model in any simulation tool
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KULI fmu pro
Suppliers

1.CF

T 1.RAD [I]

o
"m "  Functional
I Mock-Up

Interface

* The KULI component is exported as an FMU (Functional Mock-Up Unit) * OEMSs can use their existing simulation tools without workflow changes
* The FMU is an encrypted black box that keeps the design details hidden » The FMU performs according to supplier specifications

* The FMU can be used for simulation in any tool supporting the FMI standard « Accidental model changes are prevented, providing safe and accurate results
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KULI fmu pro

Case study

[ ]
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Supplier - OEM

* You are a cooling components supplier: * Your customer is an OEM:

— You have received an RFQ for a cooling — He has a complete vehicle simulation
package (CRFM = Condenser-Radiator-Fan- model covering all scenarios needed for his
Module) from an OEM partner specific development workflows

— Based on the provided requirements and — This is set up in any simulation tool... not
boundary conditions you have assembled a necessarily KULI
cooling package that matches the RFQ — Now your customer wants you to provide all

— You have validated this by simulation with the information that is needed to test your
your development tool KULI virtual cooling package within his vehicle

simulation model...

This is a perfect application for KULI fmu pro

M MAGNA

11 Disclosure or duplication without consent is prohibited.



@
o

CRFM package for FMU

a
B

5 = E
( % ) : o .‘E:E) =]
Ll )
=]
g

Radiator >

Condenser —» g \

&

Front resistance
Create a
KULI model
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CRFM package for FMU

KULI fmu pro I Outputs

- Decide what the user can control and see from the sim. results,
« and define inputs and outputs accordingly,
- with the combination of COM objects, sensors and actuators.

Create a
KULI model

[ ]
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CRFM package for FMU

Simulation parameters 1.nFan

o{Input speed |

p_ambient [mbar] o< —o{Ambient pressure | Fan_rpm [/min] &+

1.4Rss
driving speed [km/h] @ =
Ambient temperature
[T _ambient o] ®F"  s{Relative humidity |
out 2CP out
rel_humidity [%] @] Qdot_condenser [kW] ®}-+ — —sHeating powsr |
1CF
op iniet [-] @l —e{CP valus
Front resistance out
[6_in_coolant [mbar] ®f+— -s{Pressure |

2 BiR.Exit pressure @

2 BiR.Exit pressure

1.nFan.Entry pressure @

1.RAD

cu
cu
1.BiR.Entry pressure &
cu
o

2.CALC

8 o
:]>—- +{delta

ackage excl fan [Pa

[Pressure difference IM_—=

*{Volume fiow IM |

au

[Pressure difference OM |—#

[loss _coeff _front [-] ®F% ~ ~*{Pressure loss coefficient | [Vdot_coolant [ymin] ®H

«{Quantity of heat |

1.BIR

Qdot coolant [W] &

Mass flow rate

#{mdot_air total[kg/s] ]

Pressure loss coefficient |

our

[1oss coeff rear[-] o=

|Air mass flow rate (vector sum e[ mdot_air RAD [kg/s ol

Thermal output IM

Exit temperature IM_—+

[Exit temperature OM_|—+

‘,-I delta p coolant [mbar] ]
o delta p ar RAD [Pa] &

+{adot RAD [kw] @l
T out_coolant_RAD°C] ]
T _out_air RAD [°C] @]

Entry temperature IM

Entry temperature OM
1

1.CAC

T_in_coolant RAD [°C] &)
T _in_air RAD [°C] &)

[Pressure aifrerence IM_—=

[Pressure difference OM_|—»

1.CAC
T
cu
p in_charge air [mbar .{ll—'m Hlfressure |
= Mass flow rate
mdot_charge air [kg/s] @]} 1 |
[ Temperature |

[Air mass flow rate (vector sum)

delta p charge air [mbar] &l

+{deita p air CAC (Pal ol
-#+] mdot_air_CAC [kg/s] )

b
T_in_charge _air [*C] @]

reate a
KULI model
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Thermal output IM
Exit temperature IM_—

+{Qdot_cac kw) o]
T _out_charge_air CAC [*C] @]

Exit temperature OM_|—=

T _out_air CAC [°C] &

Entry temperature OM_—+

T in air CAC [°C] &)
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CRFM package for FMU

KULI model CAECS\KULI_190000\data\CoolingSystem Fi-Package_for_FMU.scs Browse...
Identifier CRFMPackage_for_FMU

MName CRFM-Package_for_FMU

Description Case study

Author Mémeth, Endre

Version 1.0

Help lecation Please select the location of the help folder..

lcon location Please select the icon...

Cutput directory CAECS\KULI_190000\data\CoolingSystems Browse.

B KULI fmu pro

Define the FMU
using the FMU
Generator

[ ]
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CRFM package for FMU

KULI model

Identifier

Version

Help lecation

lcon location

Cutput directory

CAECS\KULI_190000\data\CoolingSystem
CRFMPackage_for_FMU
CRFM-Package_for_FMU

Case study

Mémeth, Endre

Please select the location of the help folder...

CAECS\KULI_190000\data\CoolingSystems

Fi-Package_for_FMU.scs

License free

Expiration date

18.08.2025

i

? e

Encrypt the model
and send it to your
customer
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Generate
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Exit
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HVAC, transient and Ul improvements
Released with KULI 19

[ ]
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KULI 19

Improved Mollier-Chart

[ ]
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Mollier Charts in KULI

As soon as there is a refrigerant/ steam circuit available in the simulation
model the chosen medium is depicted in the Mollier charts window:

Mollier charts x

[£1. ph - chart (R134a ECS) / 1.A/C circuit

* |In such a Mollier chart the saturation

line of the refrigerant (in this case ‘
R134a as written at the top) and some /A \

isothermal lines are drawn

oup3 (A

« Additionally, the mouse can be used as |:
cursor to visualize enthalpy, pressure
and temperature at a specific point

- This is a nice addition to the already e

available refrigerant properties

calculator (Tools — Refrigerant

proper‘tl eS) 200 250 300 Enth&\ijij . 400 450 500

[ ]
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Mollier Charts in KULI

During the simulation, the window as usual shows the process of balancing either in the
operating point under investigation or the whole transient simulation over time

Labels at important points of
the circuit (entry and exit of
compressor and all active
expansion valves)

Mollier charts

ph - chart (R134a ECS) / 1.A/C circuit

1EXV - Enty
= Enthalpy: 2

v

37
70,55 [k)/kg]

Pressure: 15,69 [bar]

/A 1.C0M - Exit

Enthalpy: 4494 [kl/kg]

Pressure: 15,74 [bar]

Mass flow: 155,39 [kg/h]
i |

HP min T: 36 [*C]

LP maxT: 34 [*C]

TEXV - Exit

Enthalpy: 270,55 [kM/kg]
Pressure: 3,03 [bar]
Mass flow: 155,39 [kg/h]

Ld

350 400

Enthalpy [kJ/kg]

/

1.COM - Entry
Enthalpy: 4043 [kl/kg]
Pressure: 2,85 [bar]

450

M Saturation line
LP maxT
HP min T
W1EV
M 1.CND
W 1.COM
M 1.BND
M 1.TUB
H2TUB
M 1EVP
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Legend that lists all active
components and other
drawn lines that are
important

(either the ID or the inserted
comment, depending on
what is shows on the tab
Circuits/Air Path)

Information regarding the
simulation process
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Mollier Chart in KULI lab

B kuLllab
—~ <_J ph chart
K. o] ¢ -

Project Add.. Refresh Show
= ID

-

‘5':_:'.:_:'-"-" L X -2 '|ﬁ| Data view 1 X
F Kﬂn Ex AC cool down_recirc.hdmk
Simulation parameters 1

@ Display k As table

/B\ Buit-in 1
Save Selection... As 20 chart

@ Conaenst e rreepy—
As ph chart
- Aj r.)
@ Fvaparator - Air mass flow As Ts chart

@ Heat loss of air ducts

M MAGNA
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KULI 19

Variable transient time steps

[ ]
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Variable Time Steps

« KULI now fully supports variable time steps
« Variable time steps can be set using the Timestep and Timestep AC/ST actuators
» |[deal for setting different time steps e.g. in soaking phase and in driving cycle phase

Simulation parameters

SP

[velocity eVehicle #}* Driving speed |
Time step control oua [RPM _eMachine &I—«?-”"—| RPM Engine |

H .
b +—{ Timestep AC/ST |

[ ]
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Variable Time Steps in KULI lab

Temperature front left head
Passenger compartment 1
Criving speed
- a4 Simulation parameters 1
Actual SOC
Battery 2
92
5 Tlo &
- = ™M
i . . . . g “
5 Big time step (soaking) Small time step 8 3
-
- &8
- 86
-84
1
1700 1800 1900 2000 2100 2200
K-awis [s]

[ ]
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KULI 19

ACPHE Improvements

[ ]
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Calibration & (Quick) Calculation

| [B) A/C plate heat exchanger [chiller_ac_12_waterkulizcphe] - a >

File Tools

User Parameter Calculation

.
Date (0=current) Dienstag, 23, Juni 2016 13:07:56 Error inner pressure drop [%] I m d h dl
Title Min  |-5.96362 | Mean value | 408422 Max 9.43809 rove a n I n

| Memo . .
? Error cuter pressure drop [%] / Of q u ICk Calculatlon
| Min  |-7.09054 | Mean value | 2,50163 Max 4.54768

Type Error heat transfer [%] m Od e

Mo. Min  [-4.98405 | Mean value | [1.22644 1.80305

Manufacturer

Series = sbblength

Measrd. data file Use quick calculation
- Calibrtion 0K & Cltrate
i Geometric data

e —
Depth [mm] 90
Width [mrm] 60

Improved

Height [mm] 32 Effective length N .
FE— calibration &
Metal thickness [mm] 02
Height .

Channel height | I t
(O User defined O Both channels are equal Ca CU a |On

Inner flow [mm] 245

Quter flow [mm] 245
(] Tanks volume inside [em?] Width S~ o Depth

(] Tanks volume outside [cm?]

Ready

[ ]
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New Status Tab

File Toals
NEBR
E General data @ Cenfiguration @ Measured @

Severity Tab _jDescri__ptir:m | NeW Status tab

Warning Measured data fRow 2: Input data results in physically implausible temperatures.
Error General data [The depth of the compenent must be larger than or equal to its effective length. l

Table listing current problems and
pointing to location of problem

Ready

[ ]
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ACPHE and Dynamic Solver

Y/ Chiller [O]

« ACPHE can now be used in coolant circuits

Challer [1]
=) being simulated by the dynamic solver

2.EXV Pipe

D—|Controllerinput:superheating | . . .
* Initial temperature for coolant inside the
1EVP ] 1Exv Pipe component can be set

@ _@_ * Initial temperature and fluid volumes can be
» Controller input: superheating | Vlewed In KULI Iab

1.CND 1] Fipe

& (=)

[ ]
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Ul Improvements

lation parameters 1.nFan all

Improved “Add/remove connectors”:

. ! » Easier and quicker user interaction
*— Input speed

Exit pressure IM

[PWM RPM e} « Manage sensors and actuators for multiple components

Entry pressure IM

at once

Pressure difference IM

Pressure difference OM

* Dock-able window

Volume flow OM

1.CF

Air mass flow rate (absolute sum)

Air mass flow rate {vector sum}

Mass flow rate IM

Mean exit speed

Thermal output IM

h_T_ 1.CAC [|] Entry temperature OM

Width

Qut out Height
Depth
in
Position x

[T Library  J* Air side componentfl| B= Connectors

[ ]
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Under Development - Air side Representation

[ ]
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Targets in the Development

» Support of modelling with simplified workflows and user interface

» Reduce effort and time for setting up simulation models and make variants

» Make it easy for the users to setup components in a good quality

» Get a clear understanding in which quality the component data are used in the simulation

[ ]
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Air side Representation

3D view
« Split into two windows: Geometry and Air Path
* Fully integrated into the existing KULI framework »" Geometry v %

* Improved user experience for rotating, shifting, and
standard views
* Detailed information available for each component

« Passenger compartment

* Clearer representation
— Geometry variants
— Different numbers of seat rows

 Additional information at every inlet and outlet v\]/x

<

f’f-ﬁeome:r}' gf&irpatr
L

[ ]
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Air side Representation
3D view

 Enhanced Air Path Setup Workflow

o Air path v 1
* Improved setup using mouse interactions i
» Simplified component connections - &
« Easy definition of blocks “ . &
« Clearer information about the air path (Ambient) R %
- Il
Nodes D @ @ [ Use only 1. element ‘é‘! |
Modes |Previous Mext s R #. ‘
Amb;enl ;r;lr;La_iblent _ ;IEH[:IE)_[,:T;I]TEMP_A o
2 [1TEMP_A 1.HUM_A L X 1’3
3 JTLHUM_A 2.MFL_A :
4 R2MFL_A 1.PMA ‘..*
5 |1.CAB[Recirc:1.PMA 1.EVP[1,1] -
6 |1.EVP[1,1] 2.PMA
7 2PMA T.HFL_A
g JLHFL_A 1.BiR
3 |1.BiR 1.CAB[1,1]:1.CAB[1,2]:1.CAB[1,3];1.CAB[1,4]:1.CAB[1
Ambient | 1.CAB[Discharge]:1.CND[1,1] To ambient

KX) Disclosure or duplication without consent is prohibited
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Under Development - Better modelling support

[ ]
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Better modelling support

N-maps
» Multiple outlets in the simulation model " owi_____
— Reduction of modelling effort I = e i
— Simplifying of model T |om | v
— Makes it easy to set up model variants with
giffgrent b(?un)dary condition (e.g. different . 42;351 = —
riving cycles
« Parameter naming in the component data and Greuts /Airpath  m= oo T
reusing in the simulation model leads to a clear PR - —
understanding of data dependencies e
ESES=E=Sa

Component file

M MAGNA
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Better modelling support
Media file generator

— Easy generation of oils in KULI based on Ubbedlohde-Walther Transformation with only few information

@ Oil data file generator X
| PROPERTIES | Density 8350/ kg/m? at 15) =
I |

Coter o visual Red Kinematic Viscosity 98| mm/s at 40| °C

Density at 20°C (68°F) ASTM D1298 0.865 |

Viscosity at 40°C (104°F) ASTM D445 38.5 mms Kinematic Viscosity 10| mm?/s at 100| =C

Viscosity at 100°C (212°F) ASTM D445 7.8 mm?'s

Viscosity Index ASTM D2270 179.0

Flash point ASTM D92 224.0°C 1435.0 °F Descrinti

Pour point ASTM D97 -36.0°C/-33.0°F | Wesenpnon

| Open file after creation
Motul DEXRON IID
. . " | Generate... |
https://motul.incony.de/media/motulData/DO/base/dexron_iid_en.pdf |

Ubbelohde-Walther Transformation

OK—m-lg T

lglg(v+z)=K-m-1gT < v=10 -z

Oil_media_file.dat

[ ]
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Better modelling support
From Python controller to Python controller component

— Reusability of interface data in different simulation
models

— Easier transfer of interface data to other simulation
models

— Sharing existing interface

— Reduction of necessary in- and outlets
» User defined outlet parameter in the simulation model
» Specification of constant values directly in the component

.
Saloon entry temperature o PY | Saloon phiin [] I

pythd x B ‘
4 Controllers / Interfaces
Python controller
fan_rpm
[) Moder & =
[) ModerB tube Tin 4 CIRL valve_perc
[) Python controlier xv - -8
[ control logic Adding to Simulation model
|

[ ]
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Better modelling support
Component data

« Simplification of workflows

B Radistor [example_uflow_new_medelling.kuliRad]

— Rggressmn of pressure Ioss.and.he.at transfer e
— Display of maximum theoretical limits | B soretss @yt @ ot @ et B st
(for Heat transfer) | ] [T i sk
— Approximation of data based on other component | |
performances £ ——
. . . . 1| Medium 3 water/Glycal B 3504 595
« Visualization of input data RS — | ==
— Ability to open multiple 2D charts simultaneously ;
->That makes it possible to see changes in the -
provided data immediately &
« Clear interpretation of data usage [ r—
— Inter- and extrapolation method specification for g
simulation only in the component data
* Improved Ul handling of 2D charts for better Starting Approximation
user experience Starting Regression

Changing of component properties updates the opened charts

[ ]
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