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RATIONALE 

The contents of this document are judged by the Road Vehicle Aerodynamics Forum Committee to be of value in outlining 
current and historical techniques for cooling air flow measurements. Common practice for cooling flow assessment has 
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approaches; including in particular a new section on the use of Computational Fluid Dynamics (CFD) for cooling air flow 
assessment. 
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1. SCOPE 

This SAE Information Report has been prepared at the request of the SAE Road Vehicle Aerodynamics Forum Committee 
(RVAC), incorporating material from earlier revisions of the document first prepared by the Standards Committee on Cooling 
Flow Measurement (CFM). 

Although a great deal is already known about engine cooling, recent concern with fuel conservation has resulted in generally 
smaller air intakes whose shape and location are dictated primarily by low vehicle drag/high forward speed requirements. 
The new vehicle intake configurations make it more difficult to achieve adequate cooling under all conditions. They cause 
cooling flow velocity profiles to become distorted and underhood temperatures to be excessively high. Such problems make 
it necessary to achieve much better accuracy in measuring cooling flows. 

As the following descriptions show, each company or institution concerned with this problem has invested a lot of time and 
as a result gained considerable experience in developing measuring techniques that appear to achieve reliable results. 
There is, however, little uniformity at the present time among the methods used by different companies and no indication at 
this time of a trend towards a simple and universally acceptable measuring technique. 

2. REFERENCES 

2.1 References 

1. Kuthada, T. and Wiedemann, J., “Investigations in a Cooling Air Flow System under the Influence of Road Simulation,” 
SAE Technical Paper 2008-01-0796, 2008, https://doi.org/10.4271/2008-01-0796. 

2. Kuthada, T., Die Optimierung von Pkw-Kühlluftführungssystemen unter dem Einfluss moderner Bodensimulation-
stechniken. Dissertation, Universität Stuttgart (2006). ISBN 3-8169-2664-9. 

3. Wille, S., Kuthada, T., Widdecke, N., Wiedemann, J. et al., “Integrated Numerical and Experimental Approach to 
Determine the Cooling Air Mass Flow in Different Vehicle Development Stages,” SAE Int. J. Passeng. Cars – Mech. 
Syst. 3(1):352-365, 2010, https://doi.org/10.4271/2010-01-0287. 

4. Fiedler, O., Strömungs- und Durchflussmesstechnik, ISBN 3-486-22119-1. Oldenbourg – Verlag, München 1992. 

5. Ambros, P., Simulation der luftseitigen Durchströmung eines Kraftfahrzeugvorderwagens zur Auslegung des 
Motorkühlsystems. Dissertation, Universität Stuttgart, 1994. Fakultät Energietechnik. 

6. Binner, T., Experimentelle und rechnerische Methoden bei der Entwicklung von Kraftfahrzeugkühlsystemen. RWTH 
Aachen, Dissertation, 2000. Fakultät für Maschinenwesen. ISBN 3-925 194-53-3. 

7. Thibaut, J., Wiedemann, J., and Winkelmann, H., Optimization of vehicle design regarding internal airflow in the 
aerodynamic development process. FISITA F2006M157. 

8. Thibaut, J., Optimierung des Fahrzeugdesigns unter Berücksichtigung der Durchströmung im aerodynamischen 
Entwicklungsprozess. Dissertation, Universität Stuttgart (2012).  

9. Foss, J., Schwannecke, J., Lawrenz, A., Mets, M., Treat, S., and Dusel, M., The Thermal Transient Anemometer. 
Measurement Science and Technology Journal, Volume 15, Number 11, 2004. 

10. Foss, J., Thermal Transient Anemometer Having Sensing Cell Assembly. Patent US 2006/0090573 A1, 2006. 

11. Burton, D. M., The Development and Use of a Thermistor-based Instrument for Evaluating Vehicle Cooling Inlet 
Aerodynamic Performance. Msc. Thesis. Monash University, 2002. 

12. Wendel, D., Einsatz von NTC-Sensoren zur Geschwindigkeitsbestimmung in Luftströmungen. Project Work IVK, 
Universität Stuttgart, 2004. 
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13. http://www.emprise-usa.com/anemometers/ 

14. Herbig, M., Auswirkungen einer Motorraumkapselung auf das Motorkühlsystem. Dissertation, Universität Stuttgart, 
Fakultät Energietechnik, Expert-Verlag, Renningen, 2002. ISBN 3-8169-2233-3. 

15. Williams, J., “An Automotive Front-End Design Approach for Improved Aerodynamics and Cooling,” SAE Technical 
Paper 850281, 1985, https://doi.org/10.4271/850281. 

16. Williams, J. and Vemaganti, G., “CFD Quality - A Calibration Study for Front-End Cooling Airflow,” SAE Technical Paper 
980039, 1998, https://doi.org/10.4271/980039. 

17. Berneburg, H. and Cogotti, A., “Development and Use of LDV and Other Airflow Measurement Techniques as a Basis 
for the Improvement of Numerical Simulation of Engine Compartment Air Flows,” SAE Technical Paper 930294, 1993, 
https://doi.org/10.4271/930294. 

18. Dr. lng. h.c. F. Porsche AG: Method and device to determine the mass-flow rate of gaseous media flowing through heat 
exchangers. Patent DE 39 16 529 Al, 1990. 

19. Wolf, T. and Preiss, M., Auslegung widerstandsarmer Kühlluftkonzepte am Beispiel des neuen Porsche 911 Carrera. 
Tagung "Aerodynamik des Kraftfahrzeugs", Haus der Technik, Essen, 2004. 

20. Ng, E., Watkins, S., Johnson, P., and Mole, L., “Use of a Pressure-Based Technique for Evaluating the Aerodynamics 
of Vehicle Cooling Systems,” SAE Technical Paper 2002-01-0712, 2002, https://doi.org/10.4271/2002-01-0712. 

21. Ruijsink, R., The Use of the MicroProbe System in Cooling System Development. MIRA, 3th Int. Conference of Vehicle 
Aerodynamics, Warwick (UK), 2000. 

22. Wittmeier, F., Temperatur und Strömungsfeldmessungen am Kühler. Project Work IVK, Universität Stuttgart, 2006. 

23. Dietz, S., Die Auswirkung aerodynamischer Eigenschaften auf das Thermomanagement eines Kraftfahrzeugs. 
In: Bargende, M., Wiedemann, J. (Hrsg.): 3. Stuttgarter Symposium, Expert-Verlag, Renningen, 1999. ISBN 3-8169-
1751-8. 

24. Wiedemann, J., Grenzen und Möglichkeiten der Modelltechnik innerhalb der Kraftfahrzeug-Aerodynamik. Tagung 
“Aerodynamik des Kraftfahrzeuges” Haus der Technik, Essen, 1987. 

25. Thibaut, J. and Schell, I., Einrichtung zur Volumenstrommessung. Patent DE 10 2004 026 766 B4, 2006. 

26. Kuthada, T., CFD and Wind Tunnel – Competitive Tools or Supplementary Use? In: Wiedemann, J., Hucho, W. (Hrsg.): 
Progress in Vehicle Aerodynamics – Numerical Methods, 5. Short Course at FKFS. Stuttgart, 2006. 

27. Reister, H., Use of CFD for Underhood Flow Analysis and Aerodynamics of Passenger Cars. Workshop on CFD in 
Automobile Enginieering, Stuttgart, 1998. 

28. Alajbegovic, A., Sengupta, R., and Jansen, W., "Cooling Airflow Simulation for Passenger Cars using Detailed 
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3. SYMBOLS 

3.1 Basic Symbols 

A  area in m² 
C coefficient 
D  Diameter of anemometer rotor, also diameter of intake duct, both in cm 
f  Rotational frequency of anemometer in cycles/s 
I Inhomogenety 
M  Mach number 
p  Pressure in kPa 
q  Dynamic pressure of air stream in kPa 
v Absolute velocity in kph 
V Volume flow rate in m3/s 
X  x-coordinate, also distance between the anemometer and the radiator exit face, also distance  
 into the intake duct relative to the leading edge of the lip 
Y  y-coordinate 

3.2 Subscripts 

FS Full Scale 
i Index to resolve different locations over the radiator face 
max Maximum value in any quantity - such as intake diameter or Mach number 
n Number of samples 
MS Model Scale 
R Radiator 
stat Static pressure 
tot Stagnation condition when associated with pressure 
VC Volume Flow Coefficient 
 
ζ Pressure loss coefficient 
∞  Condition far upstream in the approach flow (before any loss has occurred) 

3.3 Abbreviations 

AC Air Conditioning 
CAE Computer Added Engineering 
CFD Computational Fluid Dynamics 
CFM Cooling Flow Measurements 
FKFS Forschungsinstitut für Kraftfahrwesen und Fahrzeugmotoren Stuttgart 
FS Full Scale 
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MIRA  Motor Industry Research Association 
MS Model Scale 
NRC National Research Council of Canada 
NTC Negative Temperature Coefficient 

4. COOLING AIR FLOW MEASUREMENTS IN FULL SCALE 

Since there are only a few methods to measure the integral value directly and most of these methods are integrating over 
a number of spatial samples, here, the techniques are subdivided by the measurement technique itself. The respective 
measurement techniques are either anemometer-based (air vane anemometers or constant temperature anemometers) or 
pressure based. First, the influence of sample numbers will be discussed. 

4.1 Influence of Spatial Sampling 

The spatial sampling has to be considered thoroughly, since the discretization of the radiator surface can have a significant 
influence on the measurement results. The flow inhomogeneity I can be used to analyze the influence of the number of 
probes [2]. I is defined as: 

 I =  
�1n�∑ (vi−v�)2n

i=0 �

v�
  (Eq. 1) 

and represents the standard deviation of local flow velocities in the radiator vi with respect to the average velocity v�. 

 

Figure 1 - Difference in cooling air volume flow (left axis) referred to 100 probes  
and flow inhomogeneity as a function of the number of probes.  

Results are based on a virtual test case at 140 km/h. [3] 

Figure 1 shows the differences in flow inhomogeneity and cooling air flow as a function of the number of probes used - for 
a virtual test case (CFD results with virtual probes). Evenly distributed probes refer to a maximum resolution of 100 probes. 
The decrease in flow inhomogeneity (right axis) with smaller probe numbers results from a reduced capability to resolve 
local gradients. The cooling air flow determined (left axis) with more than 60 spatial samples for a standard passenger car 
radiator shows a deviation below 3% [3]. Similar results have been published by Kuthada in [2]. 

4.2 Anemometer-Based Techniques 

Based on reports in the literature, the use of different anemometer types for measuring airflow in the vicinity of a radiator 
will be summarized in the following sections. 
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