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Heavy duty cooling system analysis for
commercial vehicles

Content:

Introduction
Driving parameters & challenges

*Air flow implementation -

Examples

eQuestions & answers
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Integrated engineering approach

Design: Test & Analysis:

Vehicle tesing Function testing Component testing

.........

Simulation and analysis tools:

KULI StarCD Matlab Simulink Flowmaster
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COOLING SYSTEM

Simulation application areas =

Early development phase:
Concept studies
Evaluate proposals of different suppliers
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Midterm development phase:

Find the best test configurations peieipall
Fine-tune simulation model: BIR, flow restrictions, Cp s el

EHim  ExyaHozie (2urers Paater)

== Dasrstion ires

Parameter variation:
« fan ratio / fan type / fan diameter
 fin density / geometry
Validation phase:
Simulate final concept with proposed engine ratings
Validate cooling system performance demands
Product modification tests

Drivecycle simulation
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Driving parameters cooling system design

Climate Topography
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Challenges cooling system development

Demand for higher engine ratings

Legislative demands —

Conflicting coolant temperature demands

No. components needing cooling increasing —

PM (Particulate Matter) [g/kWh]
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Heat rejection

Exhaust emission — Heat rejection

Noise emission

Euro 2, 1996

6.0 7.0
NOx (g/kWh)

Fan speed restriction

Noise shields — airflow restriction

Heat rejection

Thermal management more complex
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Cooling air flow measurement

The MicroProbe System Set-up:

. Radiator 1 Temp.
with up to - -
48 Probes

Fanspeed +

Aux., Digital

4 x Aux. Calibration

Analog 10 — 30 Volt DC
110 — 240 Volt AC
(o]
Q
p l
o

00 0 © I o
o RS-485 up
RS-485 to 1200 m

Scanivalve,
Micromanometer DAQ and A-D conv. in Notebook PC with dedicated
and A-D converter passenger compartment software, in controlroom or
passenger compartment
MicroProbe

MicroProbes glued in HTX
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Cooling air flow measurement

In vehicle testing

Cooling air flow
790 rpm
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CFD air flow analysis
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Implementing data in KULI

CFD velocity field Legend

Loss coeff. Legend
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T ee—————Simulation parameters

Customer: ek FH16-61041
Hadet FH12 . P T
Drivecycle data acquisition
fgee O] SOV oo
Gz baceie: [vTo2614p - Diivieng asbelz] piosema: IE [ Roads .........: 016
Fronial Atea: M7 | =2 Target speeds .: 80
P [(BECE Ais Aesislance: Percent __..._...: 100
Row Ade Batle: [T61 1] Rofling Ressance B =] man ¥ind speed ....: 4 mf= Schwung .......: 10 ¥mfh
Tyias EECLFANG Codt ol Friction: g E| Iriving strat .: Economy
Folling Fradus 5z |m Application [Combinaban B Min, dovnmshift, wpshift rpms uwsed: 1100. 1150. 1600.
Mool Wheste: 12 | S Limite: Em'h
I™ Witk indened Fuel consumption I . e e O R e M T o e Y M 80 R Y 0
Emicil [ fl Results:
S | Al I Anz I A3 | A4 l AES I ______________________________________________________________________
Roadno, name. ... . : 16 Motorvay, southern Swmeden
Fiench | Distance _.......: 61.6 km Time ...........: .8 h
R RuslEgonSit T e L RisxaoshEmeedbar o R
e 6.17 UK MPG 49.8 MPH
Fuel total _.__._...: 28.2 1 Max speed . .....: 90 kw/h
Cuslhame:: id: FHG-61 B4
Lo B Gearshifts ..._..: .455 fkm Baseshifts .....: .11 fkm
- Dovmshifts ... _..: _146 flmn Bangeshifts ... .: .02 flkm
Econamg Spead Range: 1000, 1600 pm BAECE10 Ypshifts ... ... _.: _308 Ffkm Splitshifts ... _.: .34 fHm
Speed FRange bop gear: GR1-109 km'h WTOME A8
RS 1370V
Man Mominal 5 ped: 1227 kmih 361 Het average output, Engine : 147 .4 KW (Z00.5% hp)
FSBIRZE S - N
Brade Spood: 0% E27hnh (L) 2577 m Net awverage torgue, Engine : 1693 _ & Fm
0% 258 koh (3] 12
— Gear. .. .: CL CH 1L 1H 2L 2H 3L 3
Fleguirements: :;]ﬂz Ratio. .. _: 1296 10_34 8_719 T.02 .65 4 51 3.75 2.99
Mo Gradability: 163 (BH] A BA.1 kevh (1000, pm) NEN [ ¥mfh. . .- 7.6 9.5 112 14 17.4 21.8 26.7 22.%
2IXEL) AN 585 ke'h (1000 rpm) e :
\Gradoability: 16% Al 900 keh (1321 rpm) a0 kmfh % of road: L1} 0 L1} 0 L1} 0 M 1
Startahiliy: TZAE ) 120 %
iz f.0 ¥ Gear.....: 4L 4H 5L 5H 6L 6H
o/ Ratio. .. _: 2.34 187 1.51 1.2 1 .8
m Janfh. ... : 41_92 2.5 65 818 8.1 122.17
[ % of road: 1 .2 -4 1 17.5 80.2
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KULI Analysis

System layout

FH/NH/VN

Simulation results
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External flow model
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Cooling concept evaluation

Cooling module layout

Principle flow schematic
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FH16 inner circuit
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FH16 KULI model

Cooling module layout
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Kuli analysis results

Diagrams

Entry speed CAC 9.976 [m/s]

9.298 [m/s]

8,62 [mis]
7.942 [mis]

7.264 [mis]

6587 [mis]

5.909 [im/s]
5231 [mis]

4.553 [m/s]

3875 [mis]

3.197 [mis]

9866 ['C)
98.84 ['C)

11

98.01 [°C)

97.19C]
95.36 ['C]
95.54 ['C]
94.71 ['C]
93,89 [°C]
93.06 [°C)

0224 [°C]

BEERRE

91.41[°C]
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Postprocessor interface to Excel

VOLVO TRUCKS

LAT . 204 ko
IMTD,,, 194
WMAG=INED% vol.  ram air= 25 kmh Tuem °C
[T H o | Area
Systemn mm | mm | mm | dm®
Condenser 914 3EE [ 21 |27
Charge Air Cooler 553 | 80 [ 62 | B8 upfl o
[Radiator 525 | 900 | 52 | A48 dovunilon
Cp-walue front [i] kil
Cpwvalue badk an 00
Fan i= 1 FEIT - 2.90% cip
COYN test: input d ata kUL
Caooling air Condenser Charge Air Cooler R adiator Fan BiR
Engine . . Throtle Teeiwt | Tomm
Comment speed 2| T2 | dp2 | Qg | dp2 [ &1 | Tin | plin | T1out] ngee | dpt | IMTO Qe | S | TR ETHLAT g | G| 92 | Pan | Tian | M P ne. dp2
- - w
51 | kgs| T | Pa | kW | Pa |kgis| T |kPa| % | % |kPa | K kW [kgs| T | k| "C kWi | Pa| kW] % | =1 |kgm'| - Pa| °C K
[ or1 [ 1oz [smaf 2= [a7e6] &7 [ o2 ®5 (1= [F6 [@7F[-00 [ 86 [ [ar7[ 708 7 [12[as [ 78 [@A[zs1[10e[ o3 [-280] 0 [ oo
[[orz T 217 [s7z] e [wrof a6 [ecom] wa[ @ [510] gz [-1za4]129] 67 (oo o6 1] 461 [17s]er [122[=7 [ms]oe oMz [ o [ 17
[ orz [ 250 [ema] == [47s0] 25 [23]ose][ a7 [s3 [5]- 71183 0 (e[ wen[ B[ M5 [ iz 1es]=0 a0 [ o146 [-996] 0 [ 24
| ord [ =200 [7ea] 3 [o7s0] 86 [z (066 20 (20 [57a [Ma]-zze[wa[@ 7712 [ =8 (26 [1ee]07[=6[=0fooe [ o0 [E=] 0 [ 20

Simulated:

A05-0525
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Questions & Answers
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Thank you f .

Dolf van Jm

Volvo Truck Corporation

Cooling sytems
Dept 26462, AB3
SE-405 08, Goteborg, Sweden

Telephone: +46-31-32 74369
Telefax: +46-31-22 62 03

E-mail: dolf.vandermaarel@volvo.com
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