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Semi-Annual Status Report 

NASA Research Grant No NSG 4004 

An Investigation of Drag Reduction on 

Box-shaped Ground Vehicles - 

Center for Research, Inc. 

Universtty of Kansas 

15 January 1976 

This letter report will summarize work accomplished since 31 July 1975, 

and the work to be performed during the remainder of the grant. 

I. Work Accomplished 

A. Testing and data reduction 

Fifteen configurations, Figure 1, 

different Reynolds numbers and at 

20°,  and 30'. All data have been 

have been tested at five 

wind angles of Oo, So, loo, 

reduced to coefficient form: 

drag, lift, side force, roll, pitch, and yaw. The drag data 

have been plotted. 

B. Results 

The drag coefficients were plotted 

based on an effective diameter for 

wind angle, Figures 2 through 18. 

used as reference configurations. 

following: 

against Reynolds numbers 

each configuration at each 

Configurations 1 and 5 were 

These plots indicate the 



1. 

2. 

3. 

4. 

A t  zero wind angle t h e  e f f e c t  of Reynolds number on 

the  drag coe f f i c i en t  is s m a l l  except f o r  configuration 

13 (rough bottom). 

Except f o r  configurations with a rough bottom the  drag 

coef f ic ien t  va r i a t ion  with Reynolds number w a s  the  

grea tes t  a t  t he  l a rge  wind angles. 

The configurations with a rough bottom (2,  6,  13) exhibited 

a sharp drop i n  drag roe f f i c i en t  a t  t h e  highest  Reynolds 

number a t  several  wind angles. 

A l l  configurations withsquare longi tudinal  corners exhibited 

a maximum drag coe f f i c i en t  a t  a 20" wind angle. 

configurations with rounded longi tudinal  corners 

exhibited a maximum drag coe f f i c i en t  a t  a 30" wind angle. 

Those 

The e f f e c t  of wind angle on t h e  drag coe f f i c i en t  f o r  configuration 

1 is shown i n  Figure 19 f o r  a Reynolds number (RD) of 8 x 10 5 . 
These values were used t o  normalize t h e  drag coef f ic ien ts  of a l l  

o ther  configurations.  Comparison graphs are shown ir- Figure 20 

through 25. Configurations 1 and 5 are used f o r  references. 

The comparisons ind ica te  t h e  following: 

1. The rough bottom added from 8 t o  14  percent of configuration 

1 drag t o  the drag of t he  smooth bottom ccnfigurations.  The 

exception occurred a t  about a 5" wind angle and the  highest  

Reynolds number RD. Apparently a flow separat ion change 

occurred e i t h e r  from t h e  f ron t  wheel o r  t h e  s k i r t  around 



the rough bottom which interacted with the rough bottom 

to decrease drag. 

2. The configuration 5 drag coefficient (rounded front and 

rear ends with square longitudinal corners) was about 

40% that of configuration 1 and 37% of configuation 2. 

Configuration 5 was superior to the configurations with 

rounded front, rear and longitudinal corners (7, 9, 10, 

11, and 12). 

3. 

4. Configuation 15 (7 withstreamlinedrear end) was 

superior to all other configuations. It did exhibit the 

increase in drag coefficient with wind angle which was 

characteristic of all configurations with the rounded upper 

longitudinal corners. 

5. The effect of the tow hitch,configuation 13' (2 plus hitch) 

and 14 (4 plus hitch),was very small except at a 5' wind 

angle for 13 and 30' wind angle for 14. 

6 .  The drag coefficient of configuration 3 (round front 

vertical and upper front ) was about 45% that of 

configuration 1. 

7. By rounding the lower front horizontal corner,Configuration 4, 

the drag Coefficient was about 42% of configuration 1. 

8 .  Rounding the rear end, configuration 5 ,  reduced the drag 

coefficient to about 40:: of configuration 1. 

\ 



In summary the rough bottom increased drag about 10% over a smooth 

bottom,rounded front end reduced the drag 58%, and the streamlined 

rear end reduced the drag 20%. The best configuration would appear 

to be configuration 15 with square iongitudinal corners. 

Table I presents a comparison between comparable data points made 

by the NASA Flight Research Center on the prototype and the windtunnel 

models. 

Configurations A (NASA), 2 (KU) (square corners and rough underbody data 

points fall well within the limits of measurement er,ors. This seems to 

confirm that Reynolds number for a completely bluff body is negligible. 

The other comparative configurations exhibit a difference which is 

slightly outside the measurement error limits. This indicates a 

small Reynolds number effect on the more streamline shapes. 

Figure 26 shows the power required to overcome the aerodynamic drag 

of configuration 1 traveling at a constant ground speed of 55 mph. 

The selected wind speeds of 0, 10, and 20 mph were used as representa- 

tive in computing the horsepower. The horsepower required for the 

'other configurations may be obtained by multiplying Figure 26 values 

by the'percentage values in Figures 20 through 25. 

4c: 
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A. 

B. 

11. Work t o  be  accomplished 

C. 

Data Analysis 

The s i d e  force,  l i f t ,  r o l l ,  p i tch ,  and yaw da ta  w i l l  be 

p lo t ted  i n  the  s a m e  manner as the  drag data.  

of the  drag da ta  together  with these  o ther  components w i l l  

be made. 

Additional tests 

Additional tests which are contemplated a t  t h i s  t i m e  a r e  given 

i n  Figure 27. 

the  four  f r o n t  corners  of configurat ion 1. 

through 20 are add-ons t o  the  rear of configurat ion 4. 

Configuration 21 is with configurat ion 6 with the  rough under 

body sealed.  

F ina l  Report 

The f i n a l  repor t  w i l l  include ananalys isand  repor t  of a l l  

data.  

Further ana lys i s  

Configuration 16 is  a ba lsa  c i r c u l a r  add-on to 

Configuration 17 
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Figure 4. Effect of Reynolds number on drag coefficient-Configuration 3. 
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