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Theoretical considerations _

e cp-values
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e Fans

e Uneven air flow - CFD interface
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A MAGNA
cal foundation MAGNA POWERTRAIN

D, +2V? (+ pgh) = constant

o U
= pdyn

~~ Bernoulli
= Prot
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e p = density

* Pgyn = dynamic pressure e h = height

* Py = total pressure e g = gravity
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M MAGNA

MAGNA POWERTRAIN

Assumptions:
e p=constant =1
® Pygtar = 1 bar
e vl =20 m/s
* A, =0,5m=2
e A, =1m2

* Ap; = Ap, = 200 Pa
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® p2,stat =N
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Bernoulli holds between A\'\ MAGNA

S MAGNA POWERTRAIN

§ 2 il
i A=2A=v,=v,/2=10" s
: A=05 -
E’_’ pl,dyn — 2 12 =1 400 200 Pa v,= 20 v,
: _ _ 1 p1:100.0%0 g >0 p,
pZ,dyn - V 100 50 Pa
Ap1=200\ ~_
Bernoulli holds between the components AP=200

=> p,,t = konstant
=> P, INCreases by 200-50 = 150 Pal

p2 ,Stat pl stat Apl +150 - Apz =99.750 Pa

I
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tic pressure constant M MAGNA
onents MAGNA POWERTRAIN

tge A=l
.g P —
= e
= A=05 .-
@] //
§ ________
£ v,=20 Va
: >O >0 p
p,=100.000 2
Ap,=200 ~_
Ap,=200

pz,stat — pl,stat o Apl — Apz =99.600 Pa
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M MAGNA
KULI calculate the air pathh?  maena POWERTRAIN

e KULI uses Method 2, i.e., py, IS constant, because
= In reality in most cases pg,,, cannot be regained when the area increases.

= essentially only the area change from the first to the last component in the
air path is relevant, all other changes cancel out.

= a change of pressure due to a change of area can easily be packed into a
built-in resistance.
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e |nvestigations showed that there can even be a static pressure
drop from small inlet grille areas to the larger radiator area,
mainly due to swirls and turbulences.
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total pressure in KULI

to use constant total pressure, e.qg.
for diffuser-like configurations
without turbulences.
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e |In KULI use a transition element and

choose “Diffuser”

\

e The “Efficiency” defines the part
of the dynamical pressure
difference that will be converted
Into static pressure.

EEEEE___—
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e |In special conditions it makes sense

M MAGNA
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o2

;5' Component parameters

Transition element

Comments |

]

N\

Calc. method for prezzure drop
f* Standard
" Miller

v Diffuger

E fficiency 1
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Theoretical considerations
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e Uneven air flow - CFD interface
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M MAGNA
Inlet: cp-values MAGNA POWERTRAIN

A

P.., p;: staticipressure an

V., V;: driving speed and &

www.magnapowertrain.com

Poo
Poo
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www.magnapowertrain.com

M MAGNA
or C Value MAGNA POWERTRAIN

Determination of prezzure difference

S Relative Method

Meazurement: clozed; Analyzis: open rel. ﬁp =P £ w {'1; —y . .}2
"t 1] mlat
2

Abszolute Method
tMeasurement: open or Values from CFD; Analysis: open

abs.: Ap=cp = g X {‘b’m}z

Total Pressure Method
Measurement; closed; Analysiz: open o, 5

tot.: Ap= E X {Cp X ‘v‘i - ‘b’mgﬁ)
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A MAGNA
e 3 methods MAGNA POWERTRAIN

(Ap=p,-p.,)
: “Absolute method”
% Ap o N
g szﬁvz Ne— Ap:Cpfvoo
2 "
“Relative method”
A
C. = P & Ap=c,5(v, V)’

i g(voo_vi)2

“Total pressure method”
2
_Ap+2V,

P 2
2Voo

C, < Ap=2Z(c Vi Vi)
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A MAGNA
- Absolute method MAGNA POWERTRAIN

_Ap

P 2
2Voo

S P =PFFC 2y

_ P \s2
< Ap=cC 5V =51V

C 0 2 Vo

p

e cp-value defines which part of the dynamical pressure can be
converted into static pressure.

e The determination of the cp-value must be carried out for
open condition (i.e. with engine compartment air flow)

 The cp-value and thus the pressure increase only depend on
the driving speed; the area of the cp-value has no influence!

e The area of the cp-value is used in the postprocessor to
compute the flow velocity in the cp-value component; this
however is only an output value and does not influence the
computation.
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A MAGNA
Relative method MAGNA POWERTRAIN

— Ap - yo 2
C, = T V)’ < Ap=c,5(v, V)

e Purpose of this method: Determination of the cp-value for
closed condition, simulation then for open condition =>
different formulas for determination and usage (simulation)
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Determination (closed) Usage (open)
c = AP Ap=cC,_ 2 ;
p %VZ p_Cpf(Voo_Vi)

e The pressure increase depends on v; and thus on the area
of the cp-value (since v; = volume flow / area)! This
dependency can be significant!
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e. Total pressure method M MAGNA

ted by VIWV) MAGNA POWERTRAIN
AP+2V: P —
Cp _ pp g i pl,tl(;t : poo Ap :g(c VOZO _ViZ)
2 Ve 2 Ve

www.magnapowertrain.com

e |dea of this method: Total pressure at entry should be
constant, no matter if the entry is open or closed == this
method should be useable for open and closed models!

cp-value describes total pressure drop from ambient
to air inlet.

2 2 2
poo,tot — poo +%Voo > poo +Cp %Voo — pi +§VI : pi,tOt
e The pressure increase depends on v; and thus on the area
of the cp-value (since v; = volume flow / area)! This
dependency can be significant!
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M MAGNA

-values MAGNA POWERTRAIN

Recommendation: For the

determination of the cp-value the
mean values of p and v over
the depicted surface A should be

_y
_ v

gross area - —5 net area
——
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In the cp-value component the gross area should be used, since
pressure drops which are due to the shape of the grille are
modeled in the area resistance describing the grille.
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M MAGNA

MAGNA POWERTRAIN

€
8 General data | CP valuel Pressure loss
c
'® User |T25
% D ate [O=current) | Mithwachk, 27, Oktober 2004 15:02:32
% Title |Example
g M
g Ema General data CF value |Pressure Ioss_l
o
©
£ ‘wickh [mm] [500 | H
Height [rmim] | 300 P uellig Ig_g
Depth [mm] [10 i+ Defined by characteristic curvels)
1 . I G CAR . ; i~ Defined by parameters
Type I rDetermination of prezsure diference vR
- Na. [MooaT i
Iy 1.Inlet Grid M anufacturer [KK — (v Relative Method .
Measurement: closed: Analysis: open
Sernies I CLOmM
Measrd. data file IMFUU? e Abzolute Method
tdeasurement; open o Yalues from CFD; Analysiz: open
Flons Fressure
Total Pressure Method 1t St

heasurement; closed: Analysis: open
01 3 -

Definition of 72

cp value and A
pressure loss ey e
of grill in one i dp=ap b f
component fot- :\p%x(cwi—viik,) 122 1;34;
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Theoretical considerations
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e cp-values

e Uneven air flow - CFD interface
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determine characteristic M MAGNA
f fans? MAGNA POWERTRAIN

e How and where are pressures to be measured?
= is regulated in DIN-Norm 24163

e Should I use static or total pressure differences?
= depends on test bench; rather take static pressure differences
= in KULI this is not a problem, since the difference between the two
version can be corrected with a built-in resistance
e Should | use a deflector plate (“Prallplatte”)?

= Measurements with deflector plate yield more realistic
characteristic curves
= The difference with/without deflector plate cannot be compensated
with a standard built-in resistance
= Problem of normalization
* how big should be the deflector plate?
« what would be the distance between fan and deflector plate?
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ement - Standard test M MAGNA
24163) MAGNA POWERTRAIN

§ Determination of pressure increase Part 2, Section 8.1.3
§ Blowing unblocked Ap,, 5 1 S o
g 1) Measurement of total pressure p,,
% Ap., = p, — P, =100000-99900=100Pa " A -
°
2) Measurement of static pressure p,,, 9] Il B !
6 =V,/A ‘ 4
AP, = P, _(pst5+_ C;)= Ap—— Cs 7 [ Ao
=100000-99894-6=100Pa
Total pressure increase Ap, o 99§894 99840 99940 100000
G, =V, A, Pq 6 60 60 @ 0
Ap, =Ap,, + % .C2 =100+ 60=160Pa p, 99900 99900 100000 100000
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c fan curves with and A\'\ MAGNA

ction plate MAGNA POWERTRAIN
S
3
% Characteristic fan curves
=
=
3 400,00
g
o
£ 300,00
% 200,00
< 100,00
a
&
& 0.00 —m—with deflector plate
e 9 SRy —o—without deflector plate
= .100,00 &
5
0
o -200,00
[a
-300,00
-400,00
-500,00
Volume flow [m3/h]
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A MAGNA
of fan curves MAGNA POWERTRAIN

IS
(@]
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g General data Charac. cuwesl
o
=
3
g Ambient medium |ﬁ Air vI o, — . Unit of Aow rate Ikng
g Entry temnp. of caaling air [°C] |2U = "} -8 i Unit of press loss I frré
. Entry press. of cooling air [hFa) |1U13 L x <4 E Uit of power IkW
% Air hurmdity [%] IED
1 [Red]
v Calculate with regressed data U
v Uze optional speed input wl FPH |25DD
— Regession
Flow Fressure Povwer RPb
Maominal speed [rpm] 2500 rate diop [aptian]
—Pressure number regression 0.436 484.59 (1.5435 2500 =
0515 48287 0.5046 2500
Clrder [+ ] 053 | 48109 0.5569 2500 i
Rielative filker range |U-U1 0.555 47921 11.556R 2500
Absolts fiter range o 0575 | 47719 05585 7500
0534 474.96 05514 2500
0614 47251 05478 2500
—Efficiency regreszion 0634 469,79 0.544 2500
0.654 466,77 0.5405 2500
Crdet e = 0674 | 46340 05373 7500
Absalute filker range 0. 0693 159.69 05347 2500
Relative fiter rangs ] 0713 | 4553 05327 7500
0733 451.08 05313 2500
- 0753 | #4613 05305 2500
Cycling 1 i 0773 440.73 0.5304 2500 ﬂ
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n curves (2)

M MAGNA

MAGNA POWERTRAIN

e e [Magrams - [Main diagram] |L_|@|
8 ﬁ Graphics  Setip ..

5 - DB ENNEE 1
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o

=

o

% L

g egend

=)

© lir lir

€ 0269353 4 p, 0 330683 —— PN Regressed line
% PN Used points

Pressure Number

l

-1.13484

0.1 02 03
Flow Number

0.0315456

0.3 & PN Filtered
L points
————— Filter
— Eff: Regressed
line
o
r0.2 % O Eff Used points
O O Eff Filtered
= points
L
0
+=
lin 00402429
04
0462889

0.3781 / 0.1169; 0,2957

11.04.2006, Dr. Christoph Stroh Disclosure or duplication without consent is prohibited

Engineering Center Steyr GmbH & Co KG 23



M MAGNA
ssion - how to use It MAGNA POWERTRAIN

e Regression can be used to smooth out measurement
errors

e Regression can be used to combine measurement data of
resistance curve (fan off) and pressure increase curve (fan
on)

e Regression can be used to convert measurement data of
electric fan into mechanical fan, allowing modelling of
continuous electric fan

e Usually raw data is simply copied from Excel into KULI

e Description of usage in online help:
= KULI base -> Components -> Fans -> Fan regression
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Theoretical considerations
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e cp-values

e Fans

e Uneven air flow - CFD interface _
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M MAGNA

MAGNA POWERTRAIN
AY

Streamline 1 M

=- 1D

www.magnapowertrain.com

Cooling package A Qﬁ?

VAIR
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M MAGNA

MAGNA POWERTRAIN

Cooling Air velocity distribution

_ from CFD analysis
System Air flow

in block

www.magnapowertrain.com

matrix of
correction factors for
g-values in block

¢-values of Air velocity distribution
block elements on cooling system block

I
11.04.2008, Dr. Christoph Stroh Disclosure or duplication without consent is prohibited Engineering Center Steyr GmbH & Co KG 27



lime vs. Number of A\'\ MAGNA

MAGNA POWERTRAIN

1S
8
c 30 160
®©
£
()
s 295 1 {140
®
c
£ 1 120
% 28,5 +
1 100
28 + =
3 o 2 —e—Heat [KW]
= 1 £ . .
g 275 | = | —&— Computation time
80— ® e 60
27
140
26,5 +
) / 1%
25,5 i i i i i i 0
0 100 200 300 400 500 600
Number of subdivisions
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n for variable resistance A\'\ MAGNA
MAGNA POWERTRAIN

Velocity distribution on surface of component is not equal
for different conditions

Velocity distributions may depend on

= driving speed

= fan rpm

= air flaps

Standard implementation of resistance matrix in KULI
requires separate KULI models for different configurations

Standard implementation of resistance matrix is thus not
suitable for transient simulation

Resistance matrix needs to be more flexible during
simulation
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A MAGNA
Istance matrix method in KULI  maena POWERTRAIN

e Generation of resistance matrix as before

e Several resistance matrices can now be assigned to a
single block

e Each resistance matrix is assigned to a certain driving
speed and/or one other parameter

e This second parameter is defined via COM-objects. Hence,
any sensor can act as this second parameter

e During computation the zeta-correction factors are
obtained via interpolation depending on the current driving
speed and/or value of the second parameter
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M MAGNA

MAGNA POWERTRAIN

A variable resistance matrix is added to a block in the same
way as a standard resistance matrix
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context menu

Block I Components Reziztance matrix .
1.BL I 1.CACM.1]1 . RAD[T.111.RAD.2]1:1.RaD(1.
Highlight block:

Insert new block

add resistance
matrix

Add/Edit resistance matrix

I
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M MAGNA

MAGNA POWERTRAIN

H Add/Edit resistance matrix _ | Dl ﬂ

File

Resistance matrix I Choose t e Of
- yp

|dentifier

resistance matrix

www.magnapowertrain.com

" uze standard resistance matrix

Compatent |

" uze direct CFD interface

Compatent |

@dﬁit}l depending resistance matices >‘ CI |Ck O N

Corfigusion 4= i ~configuration*

Ok | Cancel |
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- Dependence on...

M MAGNA

MAGNA POWERTRAIN

= ":‘f":velncity depending resistance matrice H’ velocity depending resistance matrid ":‘f":velncity depending resistance matrices - |EI|5|
3
R
g |+ uze dependency on diving speed |+ uze dependency on diving speed
q;’ Lize dependency on walue of C —Iv use dependency on value of COM o v Lze dependency on walue of COM object
o
S COMAD |FanFiPH COMAD |FanRiPH / choose... |
c
o))
g |
3 Dirving speed q Yalue of Dirving speed Yalue of q g
§ [ken#h] Fiezizt, COM abject Fez [ken#h] COM abject Fieziztance matris
ErCFD_3 1000 ecro.  (TE 1000 E+CFD_30_1000. scewm N
an ExCFD_3 4000 ExCFD_ an 4000 ExCFD_30_4000.sczwm _
120 ExCFD_1z 1000 ExCFD_ 120 1000 ExCFD_120_1000. scsvwm
120 ExCFD_1z 4000 ExCFD_ 120 4000 ExCFD_120_4000. scawm
Ok I Cancel |
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oice of COM object

£
R S
:
x|
IlSt Of a” avallable COM Select desired COM abject:
objects in model is displayed; FarkiEH =l
COM ID can also be entered
manually
i
Ok, Canicel I

M MAGNA

MAGNA POWERTRAIN
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- Cholice of resistance matrix

M MAGNA

MAGNA POWERTRAIN

choice of resistance matrix

D”TEr?qfrl-?]EEd Egr?“:u;b?;ct Resiztance matrix
a0 1000 ExCFD_30_1000 zcswm
a0 4000 ExCFD_30_ 4000 zcewm
120 1000 ERCFD 12010 i
120 4000

® Input direction: baorizonkal
Input direction: wertical

file via context menu

Insert row above current
Insert row below current
Remowe current rowis)

Append 100 lines
Clear Selection
Clear Table

Copy For Excel®
Copy For Excel® (transp.)

Choose resistance matrix File. ..

Disclosure or duplication without consent is prohibited
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M MAGNA
lementation details MAGNA POWERTRAIN

e Interpolation is done (bi)linear. Hence, only two values for
each variable (velocity and/or COM value) are necessary

e No extrapolation is done; boundary values are taken if
current operating point is outside defined range

e |If dependency on two variables is selected, then for each
velocity value all COM values must appear in the
configuration table (and vice versa)
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Thank you for your attention!
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