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APPENDIX 1: RUN LOG 

filill TYPE FRONT REAR TRIP l:IAI!';; l:I RAIL MIRROR MISC Co(90) Pl;!OTO 

13 YAW SMOOTH CJ3 STANDARD NO NONE NONE NONE NONE 0.376 P1 
CJ3 

14 Re 

16 YAW STD STD 0.377 P2 

18 Re STANDARD P3 
CJ3 

19 YAW 0.584 

21 Re MERCEDES P4 

22 YAW 0.620 

25 Re PROPOSAL1 PS 

26 YAW 0.363 

28 Re PROPOSAL 2 P6 

29 YAW 0.436 

31 Re PREVOST P7 

32 YAW 0.404 

34 Re SETRA PS 

35 YAW 0.625 

37 YAW STANDARD CJ3 FWD 0.596 pg 

CJ3 

39 Re PROPOSAL 2 YES NONE P10 

40 YAW 0.365 

42 YAW CJ3 FWD 0.394 P11 

44 YAW CJ3AFT 0.405 P12 

Y< 5 ~ ·t f>,.~"{J""'-. d / Y 
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RUN IYP.!; FROMI REAR IB.JE HATCH B.AJ..!. MIRROR MISC Co (90) PHOIO 

46 YAW PROPOSAL 2 STANDARD YES STD STD SETRA 0.434 P13 

CJ3 

48 YAW PREVOST 0.422 P1 4 

50 Re BEVELLED NONE P15 

51 YAW 0.299 

53 YAW CJ3FWD 0.339 P1 1 

55 YAW CJ3, RIGHT 0.349 P16 
FWD, 

LEFT AFT 

57 YAW SKIRTS 0.330 P17 

58 YAW AIR DAM 0.393 P18 

59 YAW TIRE FAIRING 0.353 P19 

60 YAW VORTEX 0.354 P20 
GEN. 

61 YAW MOO NONE 0.351 P21 

63 YAW PREVOST STANDARD YES STD STD PREVOST 0.447 P22 
CJ3 

65 YAW · PREVOST NONE 0.418 P23 

66 Re 

68 Re PROPOSAL ·1 P24 

69 YAW 0.367 

71 Re SMOOTHCJ3 P25 

7 72 YAW 0.300 

- · • - _OM ... . - ------· ---··--· -
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ABSTRACT 

A wind tunnel test was performed to evaluate the aerodynamic drag of seven front-end 
shapes and 2 rear-end shapes for an intercity bus for Motor Coach Industries . The front-end 
shapes represented the current production bus - the CJ3, three competing buses, and three new 
designs. The rear-end shapes represented the current production bus and a new design. The 
wind tunnel measurements demonstrated that the best combination, consisting of the new rear 
plus the Proposal 1 front, produced a reduction in wind-averaged drag coefficient of 41.5% 
compared to the standard CJ3 configuration. This drag reduction is equivalent to a fuel saving of 
8.75 litres for each 100 km travelled at a steady speed of 90 km/h and 14.63 litres for each 
100 km travelled at 120 km/h. The new configuration had a lower drag coefficient than the 
three competitors. 

RESUME 

Un essai en soufflerie a ete realise pour evaluer la trainee aereodynamique de sept 
formes d'avant et de deux formes d'arriere d'autocar pour Motor Coach Industries. Les formes 
de !'avant etaient celles d'un modele de serie (le CJ3), de trois modeles concurrents et de trois 
nouveaux modeles. Les formes de l'arrieres etaient celles du modele de serie et d'un nouveau 
modele. Les mesures ont permis de constaier que la meilleure combinaison, soil le nouveau 
modele d'arriere avec le projet d'avant n• 1, produisait une reduction de 41,5% du coefficient 
de trainee pondere en fonction du vent par rapport a la configuration CJ3. Cette reduction 
represente une economie de carburant de 8,75 litres pour 100 kilometres parcourus a une 
vitesse stabilisee de 90 km/h et de 14,63 litres pour 100 kilometres parcourus a une vitesse 
stabilisee de 120 km/h. Le coefficient de trainee de la nouvelle configuration etait plus faible 
que celui des trois modeles concurrents. 
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1 . 0 INTRODUCTION 

Aerodynamic forces and moments have an important influence on the operation of a high
speed, intercity bus. Aerodynamic drag absorbs a significant proportion of the engine power 
required at speed, thus affecting fuel consumption and passing acceleration. The aerodynamic 
side force, rolling moment; and yawing moment are important to handling because they provide 
a disturbance that deflects a bus from its path in the presence of side winds or passing vehicles. 

A wind tunnel investigation was performed in the 2m x 3m wind tunnel of the Applied 
Aerodynamics Laboratory of the National Research Council to evaluate the influence of these 
parameters for a new bus designed by Motor Coach Industries, Winnipeg, Manitoba. The wind 
tunnel program was conducted with a 1:10 scale model of the bus and the purposes of the wind 
tunnel tests were: 

1 ) to investigate alternative front-end and rear-end designs to determine 
which provided the lowest aerodynamic drag, 

2 ) to determine the effect of mirrors and other detail modifications on the best 
front and rear combination from (1), 

3) to compare the aerodynamic performance of the best combination with 
several competitive buses, 

4 ) to estimate the fuel savings provided by the new design, relative to the 
current production bus and to the competition. 

2. 0 WIND TUNNEL SIMULATION 

The wind tunnel simulation provides an approximation of the environment encountered 

by a bus moving along a road [1 I 1 . In the wind tunnel, Figure 1, air is blown over a model 
mounted above a fixed groundboard that is specially-designed to simulate the effects of the road 
surface over which the real bus moves. The accuracy of the wind tunnel measurements will be 
functions of several parameters, the most important of which are the test Reynolds number, the 
level of model detail, and the effectiveness of the ground simulation. The level of model detail 
and the fixed ground plane will produce small errors in the absolute values of the measured 
aerodynamic forces. For example, the smooth model surfaces and fixed groundboard will cause 
the model drag measurements to be lower than for the full-scale bus. However, the differences 
in aerodynamic forces between any two configurations will not be influenced by these factors. 
Thus, the wind tunnel will be an accurate predictor of the changes betv11een configurations and, 
therefore, provides a powerful tool for the aerodynamic optimization of a new bus design. The 
measured aerodynamic changes can be used to provide accurate estimates of the performance 
changes produced by any shape modification. 

Many small details like side window framing, break lines in the body surface, wheel 
rotation, and heat exchanger airflows were not included in the model because past experience 
has shown that their effects were small and did not affect the aerodynamic differences measured 

I Numbers in square parentheses indicate references to be found following the main 
body of the text. 
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between major con figurations. Previous wind tunnel tests have demonstrated that the measured 
aerodynamic changes correlate well with road measurements for commerc ial road vehicles [2). 
In summary, the wind tunnel's main strength comes from its ability to predict the differences 
or increments between the various test configurations. Thus, even though a model might have 
simplified surface detailing, accurate drag differences between configurations will be obtained. 
and the wind tunnel will permit the reliable selection of the best aerodynamic configuration. In 
fact, the wind tunnel can provide much more accurate measurements of small aerodynamic 
changes than is possible from road tests. 

The data measured in the wind tunnel need to be extrapolated to full scale. This requires 
a method of converting the measured forces and moments from model scale to full scale - done 
through the concept of the aerodynamic coefficie.nt - and a mechanism for incorporating a 
realistic interpretation of the wind environment in which a road vehicle operates - provided by 
the wind-averaged drag coefficient. These items, as well as the effects of Reynolds number, will 
be discussed in the following sections. 

2 . 1 Reynolds Number Effects 

where 

The Reynolds number is the aerodynamic similarity parameter, defined as 

4 
Re = 1.9x10 Vrw ( 1 ) 

V r = resultant airspeed due to combined wind and vehicle motion, equal to the 
wind tunnel test speed, km/h. 

w = charac teristic length, chosen as the maximum legal width, 2.59 m full 
scale, 0.259 m. model scale. 

Ideally, the Reynolds number should have the same value in the wind tunnel test as for the bus 
on the road to guarantee that the two flow fields are identical. This is not possible with a 1: 10-
scale model because the required test speed is approaching a speed where supersonic effects 
become signilicant. Fortunately, it turns out that the Reynolds number must only be high 
enough to guarantee that the boundary layers on the front face of the model becomes turbu lent 

before reaching the front edges, requiring a Reynolds number of only 1.ox106 to 2.ox106 (3). 

compared to the full-scale value of 5.0x106 at 100 km/h. The present tests were run near the 

maximum speed of the wind tunnel, providing a test Reynolds number of 1 Ax t 06, 28% of full 
scale at 100 k.m/h. This is sufficiently high for the majority of the tests, although flow 
tripping rnay be requi red for some of the smaller edge radii (3) to ensure full-scale behaviour. 

2. 2 Extrapolation to Full Scale - The Aerodynamic Coefficient 

The measurements of aerodynamic force and moment made on the bus can be converted to 
a dimensionless form that are independent of model size and test speed, and are only a function of 
model shape and Reynolds number. This is done by dividing the measured forces and moments by 
reference forces and moments tl1at are related to the test airspeed and to the model size. Taking 
drag as an example. if the drag force is divided by a reference force formed as a product o f the 

I Cillii !l'f 'I ¥ : I 

' 
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test airstream pressure, the reference dynamic pressure, and a model reference area, 
commonly chosen to be the frontal area at zero yaw angle, then the drag coefficient is defined as 

Co= [_Q_l =[ D ] 
qA 3.858x10-2 pV~ A 

( 2) 

where D = aerodynamic drag force, N. 

(3.858x 1 o-2 p Vr2) = dynamic pressure, Pascals 

p = air density, 1.226 kgtm3 at S.T .P. 

A = reference frontal area, 8.358 m2 full scale, 0.08358 m2 model 
scale 

Equation (2) has units of NJN., and so possess no dimensions. The full-scale drag value can be 
calculated from the same relationship, at any full-scale airspeed, by substitution of that 
airspeed, the full-scale frontal area, and the measured, model-scale drag coefficient into the 
inverted equation. 

The moments are non-dimensional ized in a similar fashion, except that a reference 
moment is required in these cases. This moment is based on the reference force defined above, 
times an arbitrary moment arm that is commo.nly chosen to be the vehicle wheelbase, which is 
taken here as the distance between the front axle and the drive axle. Using yawing moment as an 
example, the yawing moment coefficient is defined as 

where 

Cr-J = [-1::L] = [ N ] 
qAb 3.858x10.2 pV~ Ab 

( 3) 

N = aerodynamic yawing moment, N-m. 
b = reference length, chosen as wheelbase, 7.225 m. full scale, 0.7225 m. 

model scale. 

The other two force coefficients - lift and side force · and the other two moment coefficients • 
pitch and roll - are defined in exactly the same way. 

2 . 3 Effects of the Natural Wind 

The Earth's surface winds blow with random magnitude and direction relative to the 
direction of motion of a bus, causing random. time-varying changes in the resultant velo9ity 
vector at the bus. The main effect of the wind, from the perspective of the wind tunnel flow 
simulation, is to produce a non-zero yaw angle at the bus. This angle can be simulated in the 
wind tunnel by rotating the model about a vertical axis, relative to the direction of the 
approaching airstream. The resultant velocity vector produced by a combination of wind and 
bus motion is shown in the vector diagram of f igure 2, and its direction and magnitude can be 
calculated from 
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( 4} 

and 

km/h. ( 5} 

where 'I' = wind-induced yaw angle, deg. 
~ = wind direction relative to the direction of bus motion, deg. 

Vw = wind speed, km/h. 
Vb = bus road speed, km/h. 
Vr = resu ltant airspeed, km/h. 

An example of the effect of the natural wind on the yaw angles encountered by a vehicle 
operating at constant speed is presented in Figure 3. This graph shows the probability of 
exceeding a given yaw angle at a road speed of 90 km/h and it can be seen that the yaw angle 
induced by the wind is at or below 9° for 90% of the time. A higher road speed reduces the angle 
range while a lower road speed increases it. 

The random variation of the resultant velocity vector means that no single yaw angle 
represents the average drag of a bus on the road and that the resul tant airspeed is almost never 
equal to the road speed. The typical drag level on the road consists of a weighted average over the 
yaw curve, where th@ weighting must reffe~ the probabilistic effects of the wind. The concept 

of t11e "wind-averaged" drag coefficient, Co(Vb}, has been developed to quantify these wind 
effects, as defined in the SAE Recommended Practice for the Wind Tunnel Testing of Trucks and 
Buses (4), and as discussed in (5). The wind-averaged drag coefficient is defined as 

(6) 

The wind-averaged drag coefficient is obtained by averaging the drag coefficien t curve 
over the range of yaw angles produced by the national annual average mean hourly wind at bus 
mid-height of t 1 km/h, assumed to blow equally probably from all directions, weighted by the 

ratio of the resultant speed to the road speed, (V r1Vb}2, to convert to the road speed of the bus 
as the reference speed. The use of this single wind speed and the equally-probable directional 
assumption are well supported by meterological data averaged at 32 sites across Canada. In this 
fashion, each drag-coefficient-versus-yaw-angle curve is reduced to a single, weighted, 
average, drag coefficient for every road speed, V1t,, greatly facilitating data comparisons and 
providing a more meaningful number for the estimation of global fue l usage. The wind-averaged 
drag coefficient also simplifies the computation of bus fuel consumption or speed performance 
since the road speed is now the reference speed, rather than the varying, resultant airspeed, 
whose effects are now included in the drag coefficient. The wind-averaged drag coefficient 
represents the average performance of many buses operated over the entire coun try for a long 
period of time. The average drag coefficients tor specific regions and specific seasons would 
differ from this value. 

111111,ii Uf I WI n=w• ; : MS¥\ 9%if ¼ 'I z;: ••11 1ta I z:; 

! 
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As the road speed varies, the yaw angles produced by the mean wind will change. At low 
bus speeds, V, will be increasingly larger than Vb (equation 2) and the maximum yaw angle 

(equation 1) will increase also. Both of these trends will increase c0{Vb) as Vb decreases. The 

change in Co(Vb) with road speed can be conveniently related to the value at 90 km/h, a common 
maximum legal speed, by 

{ 7) 

This equation is a fit of the wind-averaged drag coefficient between 70 km/h and 120 km/h and 
sl ightly under-predicts the wind-averaged drag coefficient below 70 km/h. The wind-averaged 
drag coefficient is now based on the road speed. Vb, and the wind-averaged aerodynamic drag is 

given by 

( 8) 

The variation of the wind-averaged drag and of wind-averaged drag coefficient with changing bus 
road speed are emphasized by explicitly indicating their functional dependence on Vb, 

3. 0 EFFECTS OF AERODYNAMICS ON PERFORMANCE 

Aerodynamic forces and moments can affect several aspects of the performance of a bus. 
Aerodynamic drag is a major component of the total resistance which must be overcome by the 
engine. Thus, it will have an effect on fuel consumption and on high-speed acceleration. As 
previously mentioned, the aerodynamic side force and yawing moment produced by the action of 
the natural wind or adjacent vehicles, and to a lesser extent the associated aerodynamic rolling 
moment, can deflect the bus from its intended path. The aerodynamic lift and pitching moment 
cause a change to the vertical reaction forces at the wheels, typically reducing the load on the 
front wheels and increasing the load on the rear wheels. These latter effects are so small for a 
bus, compared to passenger and cargo weight changes, that their effects can be ignored. The 
other items will be discussed in the following sections. 

3. 1 Fuel Consumption 

The fuel consumed by the engine is directly proportional to the total tractive effort 
required to propel the bus at a given speed. The total resistance that the engine must overcome 
at a constant speed is composed of the following major elements: 

rolling resistance due to tires and wheel bearings, 
drive line losses in transmitting engine power from the flywheel to the drive 
wheels, 
grade resistance due to climbing or descending hills, 
cornering resistance due to increased tire rolling resistance in corners, 
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parasitic losses due to pumps and fans, 
aerodynamic drag due to an interaction between the moving bus and 
the windy atmosphere. 

At speeds above 90 km/h, the aerodynamic drag becomes the largest component of 
propulsive power. For example, at a constant speed of 90 km/h on a flat, straight road, it is 
estimated by equation (15) that 40% of the fuel is consumed by aerodynamic drag, 30% by 
rolling resistance and 30% by accessories for the standard MCI CJ3 bus (Fig. 5) . At 120 
km/h, the aerodynamic component of fuel usage increases to 52% of the fuel consumed. Even if 
the terrain is curved and hilly, the aerodynamic dr:ag will consume the same amount of fuel as 
on a flat road at the same average speed although, because of the additional fuel requ ired for 
corners and hill climbing, the percentage of the total will be reduced. The aerodynamic drag on 
a bus is primarily due to retarding pressure forces - positive on the front end and negative on 
the rear end. Smaller additional contributions are made by skin friction and parasitic losses 
due to exposed running gear, miscellaneous protruding frames, and underbody roughness. 

The power at the drive wheels required to propel the bus at a road speed of Vb km/h can 
be written as 

kw. ( 9 ) 

and the corresponding engine power is 

where 

where 

kw. ( 1 0) 

11 = transmission efficiency factor, assumed to be 0.85 for a single drive 
axle 

Pa = power used by the accessories, kw. 

D1(Vb) = total resistance to motion, aerodynamic drag plus rolling resistance, N. 

= [D(Vb) + RJ 

The rolling resistance, R. can be represented by 

vb = 

M = 
a i = 

road speed, km/h. 
bus mass, kg. 
rolling resistance coefficients 

{ 1 1 ) 

Typical values for the two rolling resistance cons tants for radial truck or bus tires are 

-2 
a 1 = 5.3x10 N/kg. 

1§1 j!I" ;;: • 

and -4 
a2 = 4.0x10 N-hr/kg-km. ( 1 2) 

, 

r 
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The accessory power requirements are difficult to determine. Part of the accessory load 
will be variable, even at constant rpm, due to fluctuating demands for electrical power and air 
conditioning. Other components of this load, such as power to the cooling fan, will be rpm 
dependent. A single linear dependence of accessory power requirements versus road speed was 
assumed as an approximation to the accessory power demand. While the assumed power function 
will probably under-predict the accessory power requirements at low speeds, in the 
intermediate gears, it should provide a reasonable full-load estimate at higher speeds in top 
gear, where aerodynamic effects are dominant. The following function was assumed for the 
accessory power requirements as a function of engine power level and road speed 

( 1 3) 

where P0 = engine power rating, kw. 

Substitution of equations (2), (7), (11), and {13) in equation (10) gives the total engine 
power as 

+ [ P
0 

· { 7.70x10-3 + 1.50x10-3Vb }] ( 1 4) 

Note that the wind-averaged drag coefficient is used in the aerodynamic drag equation in place of 
the regular drag coefficient, so necessitating the use of the road speed, Vb, in the calculation, 
instead of the resultant airspeed. The three major terms in equation (14) are plotted in Figure 
4 for the standard CJ3 configuration. The wir1d-averaged drag coefficient used was the speed
dependent wind-averaged drag coefficient, equation (8). The drag coefficient at 90 km/h was 

0.732, the frontal area was 8.36 m2, the assumed bus mass was 16500 kg, the engine power 
was 300 kw, and the transmission efficiency was 0.85. The fuel consumed at a given power 
level is obtained by using the specific fuel consumption of the engine. A useful average value, 
characteristic of turbo-charged diesel engines, is SFC = 0.275 J2/kw-h (0.045 Imp. gal/hp-h 

or 0.38 lb/hp-h). The fuel consumed per 100 kilometres is given by 

( 1 5) 

Combining equations {14) and (15), the wind-averaged bus fuel consumption, µ{Vb), can be 
expressed in terms of vehicle size, mass, road speed, and wind-averaged drag coefficient by 
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( 1 6) 

Inverting the fuel usage calcu lated from equation (16) and dividing by 100 wi ll give the fuel 
consumption in km/ll . Equation (16) shows that 1he fuel consumed by aerodynamic drag varies 

directly with the frontal area, the drag coefficient and with the square of speed. The latter 
variation is the reason for the importance of aerodynamic effects at higher speeds. The primary 

aerodynamic parameter is the product of drag coefficient and frontal area, Co(Vb)· A, often 
termed the drag-area. The fuel consumed by ro lling friction is only a weak function of speed, 

being approximately proportional to V~ 
14

. The three terms of equation (16) are plotted in 
Figure 5 and the relative importance of the fuel consumed to overcome aerodynamic drag at high 
speed is evident. The change in fuel consumption due to a change in aerodynamic drag is given by 

ll/ 1 o 0-km . ( 1 7) 

where .1Co = Co (reference) - Co(modified) is the difference in wind-averaged drag coefficient 
between the original and the modified configurations. This equation will be used frequently to 
compute fuel savings in the discussions that follow. 

3. 2 Cross-wind Handling 

The deflection of the bus from it's path under the influence of side winds cannot be 
computed simply from aerodynamic force and moment measurements alone, but must be 
obtained from a dynamic analysis of the bus and its driver. However, it is possible to make a 
few general statements about the static directional stability of the bus as a guide to assessing the 
qualitative effects of changes in the lateral aerodynamic forces and moments. The lateral 
aerodynamic quantities that affect cross-wind handling are comprised of the side force, the 
yawing moment, and the rolling moment. and are defined in the sketch of Figure 6. 

The side force and the yawing moment have the strongest effect on the lateral deviation of 
the bus from its path when acted on by a side wind, with the yawing moment being the most 
important parameter. The rolling moment is a se-cond-order parameter through the influence of 
roll angle on roll-induced steering - a function of the suspension design. 

The side force and the yawing moment both act to deflect the bus away from the direction 
of the incident wind and are, as a consequence, statically destabilizing (weathercock unstable). 
If the driver takes no corrective action, the bus would leave the road. The side force and the 
yawing moment are coupled, since the side force, acting at some point along the length of the bus 
termed the yaw centre of pressure , can be considered to have produced the yawing moment. 

'i"fr" ;;a;; I ~ :; I a;; I ¥¥Ith ! 
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Similarly, the side force and the rolling moment are coupled, except that the roll centre of 
pressure is measured vertically from the co-ordinate reference centre at ground level. 

The side force variation with yaw angle is nearly the same for most bus configurations 
wh ile the yawing moment varies more with bus shape. Effectively, the yaw centre of pressure 
moves forward or rearward along the length of the bus as the front and rear shapes are changed. 
A bluff body, like a square-edged rectangu lar block, has a yaw centre of pressure at the mid
length point of the body. A streamlined shape, like an aerofoil, has the yaw centre of pressure at 
a point one-quarter of the aerofoil length aft of the leading edge. A bus, being well streamlined 
at the front end, may have its centre of pressure even farther forward. As a bus becomes more 
streamlined and develops lower aerodynamic drag, so its centre of pressure moves forward, and 
the bus becomes less weathercock stable. Simply put, it blows around more in the wind. Again, 
without a complete dynamic analysis, it is impossible to quantify the degradation in cross-wind 
handling. However, there is an anecdotal measure of this effect available. 

It was reported by MCI engineering staff that a few drivers have commented that the MCI 
CJ3 bus is better handling in a cross wind than the Prevost H3-40. It appears that only some 
drivers have noticed this handling difference, and they say that it is not large. Thus the 
aerodynamic differences between these configurations, both of which were tes ted in this 
program, define the boundary of a just-perceptible threshold in yawing moment change or, 
equivalently, yaw centre of pressure movement. The centre of pressure location for a small 
range of yaw angles near zero yaw can be obtained from the ratio of the slope of the yawing 
moment coefficient curve divided by the slope of the side force coefficient curve. Analytically, 
th is is expressed as 

where Xcp = 

b = 
dCNfdlJI = 

dCsldlJI = 

( 1 8) 

location of the centre of pressure ahead of the chosen moment centre at 

the mid-wheelbase point, m. 
reference length, 7.225 m.full scale, 0.7225 m. model scale 
slope of the yawing moment coefficient versus yaw angle curve for the 

yaw range between ±3°, deg: 1 

slope of the side force coefficient versus yaw angle curve for the yaw 

range between ±3°, deg: 1 

The locations of the yaw centres of pressure for the two configurations just mentioned_, 
measured forward from the mid-wheelbase point, were found to be 

CONFIGURATION 

MCI (#37) 
Prevost (#63) 

( X c p ) 

2.06 m. 
2.29 m. 

Thus a forward, destabil izing movement of the centre of pressure of about 0.23 m. is just 
detectable by some drivers and several times this change might be acceptable. 
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4. 0 TEST PROGRAM 

The primary purpose of the wind tunnel test program was to select the front and rear 
end shapes from the new proposals that gave the lowest aerodynamic drag, wh ile a secondary 
purpose was the comparison of the best of the new proposals with the current MCI bus and with 
buses from competing manufacturers. At the same time, the remaining aerodynamic forces and 
moments were measured so that their effects on stability and cross-wind handling could be 
assessed. Both smoke and a surface oil film were used to visualize the flow over and on the 
surface of the best combination. The test program is summarized in the Run Log of Appendix 1. 

4 .1 Model Installation 

A 1:t0 scale model of the bus chassis was mounted on the standard NRC vehicle ground 
plane, Figure 1. The model accurately duplicated the external geometry of the bus. The seven 
front-end shapes, one of the two rear-end shapes, and the body side and roof panels were 
numerically milled from mahogany. The second rear end was manufactured using stereo
lithography. The body components were attached to chassis and running gear manufac tured from 
aluminum. The model included such details as fenders, wheels and wheel wells, drip rails, 
escape hatches, and mirrors. No internal flows, air intakes, underbody roughness, engine bay 
openings, or window frames were reproduced. The former were excluded because of the 
difficulty of representing cooling flows adequately at model scale and because their effects would 
be the same for each configuration, and the latter because the frames ,vere so shallow as to be 
unimportant and the other openings were too complex and, once again, would cause no relative 
diffe rence between configurations. The external surfaces of the model were smooth and leak
free, representing fl ush windows, doors, and seals. The front and rear faces of the bus could be 
readily removed to permit the testing of alternate components. 

The bus was connected to the six-component, mechanical balance of the wind tunnel by 
pins extending from the standard model-mounting plate, th rough the groundboard cover plate, 
into the front and rear tire contact patches. This provided an aerodynamic-interference-free 
mounting. The six balance outputs were averaged digitally over a 1 0 second period at repetition 
rates of 20 samples per second per channel to form stable averages wi th an overall measuring 
accuracy of ±0.5%. 

4. 2 Mode l Configurat ions 

The two prototype front-end shapes had been designed to provide good aerodynamics 
through a combination of windshield slope, face curvature, and edge rounding, wi thin the bounds 
of aesthetic, engineering, and operational requi rements. The other five front ends included the 
current MCI CJ3 production bus and three competitors designs. One alternate rear-end shape to 
the standard was tested, based on the optimal-design information presented in (3). The effect of 
additional components such as drip rails, escape llatches, and mirror shape and location were 
also investigated. The bus model was designed to permit the rapid evaluation of alternate front
end and rear-end designs through the use of removable components. The model chassis, the 
seven front ends, and the two rear ends that were tested are shown in the drawings of Figure 7 
and the photographs of Figure 1. A complete set of photographs of all of the model configurations 

I$ I Ii Ii I Ai I •• • 
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tested is presented in Appendix 2. 

The front-end shapes consisted of the following: 

1 ) Standard CJ3 The standard CJ3 front including all window 
moulding details. 

2 Smooth CJ3 A modified CJ3 front with larger edge radii 
and flush glass. 

3 ) Proposal 1 A new design with flush glass. 
4 ) Proposal 2 A new design with flush glass. 
5 ) Prevost H3-40 Competitor. 
6 ) Mercedes 0404 Competitor. 
7 ) Setra S315 Competitor. 

The rear-end shapes consisted of the fo llowing: 

1 ) Standard CJ3 

2 ) Bevelled Rear 

Top and sides parallel to the top and sides of the 
main bus with 204 mm rear-edge radii. 
Roof and sides of the body bevelled at an angle of 
15° to the main panels over the last 1 m of the body 
with rear-edge radii of 51 mm. 

4. 3 Defini t ion of the Measurement Coordinate System 

Six components of aerodynamic force and moment were measured simultaneously. The 
measurements in this report are presented in a body-fixed co-ordinate system that is defined in 
Figure 6. These measured forces and moments were reduced to coefficient form as defined in the 
Notation, Section 8.0, and as discussed in Section 2.2. 

4 . 4 Test Procedure 

Each configuration was tested over a range of eight yaw angles from -3° to + 12° in the 
following sequence: -3.0°, -1.5°, o.o•. 1.5° , 3.0°, 6.0°, 9.0°, 12.0°. The yaw angles were 
set by rotating the model in the wind tunnel sequentially through the required set of angles, 
under computer control, and pausing at each angle sulficiently long to acquire the necessary 
measurements. The yaw tests were performed at a wind speed of 302 km/h (84 m/sec). At 
this speed. the model Reynolds numbers were 0.34 and 0.26 of those of the full-scale bus at 90 
km/h and 115 km/h, respectively. Additional tests were also made over a range of Reynolds 
numbers at 0° yaw angle to investigate the Reynolds number sensitivity of the d rag. Some tests 
were also run with strips of grit upstream of the rounded front edges to ensure that the 
boundary layers on the front face had gone through transition before the flow reached the edges. 
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5.0 RESULTS 

The fol lowing presentations, discussions and interpretations of results focus primarily 
on aerodynamic drag, although the location of the yaw centre of pressure for important 
configurations will be presented to allow an assessment of cross-wind handling changes. A total 
of 37 runs were performed during the wind tunnel test. A detai led summary of these runs is 
given in Appendix 1. In addition, this Appendix summarizes the wind-averaged drag coefficients 
at a road speed of 90 km/h. Appendix 3 contains a complete tabulation of the wind tunnel data 
and Appendix 4 presents plots of all the aerodynamic coefficients. 

6. 0 DISCUSSION AND INTERPRETATION OF RESULTS 

This Section presents the major findings of the investigation and summarizes these in 
terms of the measured changes in wind-averaged drag coefficients, in terms of the expected 
changes in fuel consumption that would result, and in terms of the changes in cross-wind 
sensitivity that accompany the drag changes. The changes in fuel consumption \Vere computed 
only at 90 km/h and 120 km/h. 

The best combination of front and rear components was selected from the three new 
front-end and two rear-end designs. This combination was compared in detail to the standard 
MCI 102 CJ3 bus and to the three competitors from the point of view of fuel usage. 

6. 1 Reynolds Num ber Effects 

After the first set of measurements were made with the seven front ends, an 
examination of the data showed an apparent anomaly in the yaw data for the Proposal 2 front end 
at yaw angles greater than +3°, where the drag was observed to increase more rapidly than 
would be expected. This was judged to be a result of leading-edge flow separation due to 
insufficiently high Reynolds number for this configuration. No other configuration showed th is 
effect. It was decided to trip the flow on tllis and the three other smooth, front-end 
configurations · Proposal 1 _, Smooth CJ3, and Prevost H3-40 - to make sure that such effects 
were eliminated. Fine, #40-grit particles were sprinkled sparsely on 0.5-cm wide strips of 
glue painted on each front face, just upstream of the front edges, to encourage early boundary 
layer transition. A typical appl ication is shown in photograph p??. A comparison of the 
variation of drag coefficient with Reynolds number at o• yaw angle of the four, smooth-edged 
configurations is presented in Figure 8, with and without the trip strips. 

Generally, the absence of a trip results in high drag coefficients at low Reynolds 
numbers, followed by a rapid drop in drag coefficient above some threshold Reynolds number 
that varies from model to model. This drop resu lts from the natural transition of the boundary 
layer on the front face of each model from laminar to turbu lent, so reducing the occurrence of 
flow separation from the front edges. The presence of the grit strips ensures that the flow is 
turbulent, causing the drag drop at much lower Reynolds numbers. The end result is a flow field 
on the model that is more typical of the full scale bus at its higher operating Reynolds number. 
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The effect of the flow trips on the yaw behaviour of these four configurations at the test 

Reynolds number of 1 .4x106 is summarized in Figure 9. The measurements with and without 
grit on the Smooth CJ3 front and the Proposal 1 front are identical. The presence of the trip 
lowers the drag on the Prevost front slightly at yaw angles ::;6° and smooths the drag curve at 
higher yaw angles. The flow trip had the greatest effect on the Proposal 2 front configuration 
substantially lowered its drag coefficients for yaw angles above 3°. 

The remainder of the measurements on these four configurations were made with the 
trips present because they were felt to better represent full scale. 

6 . 2 Front-End Shape Effects 

The first set of measurements were made to select the best new front-end shape from the 
new proposals. All the front ends were tested without mirrors and with the standard CJ3 rear 
end. Figure 10 summarizes the drag results for the new front-end shapes. It shows that all 
three of the new shapes are nearly identical to each other and are better than the current MCI 
CJ3 front. The Proposal 2 shape was chosen by the attending MCI engineers as the best shape 
because of its good aerodynamic performance, its ease of manufacture compared to Proposal 1, 
and because of its styling. Figure 11 compares the standard MCI front end and the Proposal 2 
shape with shapes used by the competition. Both the Setra and the Mercedes front ends have 
higher drag than the standard MCI shape and much higher drag than the Prevost or the MCI 
Proposal 2 shapes. The MCI Proposal 2 shape has slightly lower drag than the Prevost shape for 
1jlf3° and increasingly lower drag at higher yaw angles. Table 6.1 summarizes the wind
averaged drag coefficients, the fuel consumption changes, and centre-of-pressure locations for 
these seven geometries. Figure 12 compares the side force and the yawing moment coefficients. 
The higher-drag front ends usual ly have the lower yawing moments and, consequently, smaller 
magnitudes for the yaw centre of pressure locations, as also seen in Table 6.1 . 

TABLE 6.1: FRONT-END SHAPE EFFECTS WITH CJ3 REAR 

90 km/h 120 km/h 

CONFIGURATION Co oc0 tiµ • Co oc0 -· oµ Xcp# 

STD CJ3, #19 0.584 0.558 1.95 
SMOOTH CJ3, #72 0.380 0.204 5.87 0.370 0 . 188 9.62 2.29 
PROPOSAL 1, #69 0 .367 0.21 7 6.25 0.360 0.198 10. 13 2.40 
PROPOSAL 2, #40 0.365 0.219 6.30 0.357 0.201 10.29 2.25 
PREVOST, #65 0.418 0.166 4.78 0.386 0.172 8.8 2.06 
SETRA, #35 0.625 -0. 04 1 - 1. 1 8 0.601 -0.043 - 2 .20 1.98 
MERCEDES, #22 0.620 ·0.036 - 1. 0 4 0.598 -0 .040 -2 .05 1.62 

change in fuel consumption, ;2/100-km., positive represents a fuel saving. 

# distance in m. forward of the mid-wheelbase point. 
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6.3 Rear-End Shape Effects 

The alternate rear end utilized the optimum rear body bevel angle of 15° and bevel length of 
1.0 m full scale, as specified in [3] . This geometry has the potential to reduce the base drag by 
40% to 60%, based on the data presented in (3), with the level of reduction being dependant on 
the shape of the forward part of the bus. This rear shape is compared to the standard, CJ3 rear 
shape, both with and without the standard, CJ3 mirrors in Figure 13. The effects of mirrors 
will be discussed in more detail in the following Section. The new rear shape reduces the drag 
and moves Xcp forward in both cases. The wind-averaged drag coefficients, fuel consumption 
changes, and centre-of-pressure locations are pr.esented in Table 6.2. 

TABLE 6.2: EFFECT OF BEVELLED REAR WITH PROPOSAL 2 FRONT 

90 km/h 120 km/h 
CONFIGURATION Co 6Co Aµ • Co 6Co Aµ • Xcp# 

CJ3 REAR, NO MIR, #40 0.365 0.357 2.25 
BEV REAR. NO MIR, #51 0.299 0.066 1 .90 0.295 0.062 3.17 2.78 

CJ3 REAR, CJ3 MIR, li42 0.394 0 .385 2.28 
BEV REAR, CJ3 MIR, 1153 0.339 0.055 1 .58 0 .331 0.054 2.76 2.80 

• change in fuel consumption, ,2/ 100-km., positive represents a fuel saving. 

# d istance in m. forward of the mid-v,heelbase point. 

6.4 Mirrors 

The effec ts of mirror shape and position were investigated for the Proposal 2 front with 
the CJ3 rear. Three sets of mirrors were fabricated - the current MCI design, the Prevost 
design, and the Setra design. The Setra and Prevost mirrors were mounted in one position only, 
photographs P13 and P14, while the MCI mirrors were mounted with three alternate positions. 
These positions were forward, aft, and asymmetrical, as shown in photographs Pt 1, P12, and 
P1 6. The asymmetrical configuration is more representative of real operation, where the left
hand mirror was set more aft than the right-hand mirror, which was set in the forward 
position. The effect of mirror position and type can be seen in Figure 14. The addition of any 
mirror is seen to increase the drag, with the Setra mirrors causing the largest increase. The 
standard MCI mirrors produced higher drag in the aft position than in the forward position. 
This may be explained by the fact that the planes of the mirrors in the forv,,,ard positions were 
nearly parallel to the flow around the front, side edges, whereas they were more nearly 
perpendicular to the flow in the aft position. The drag coefficien ts for the asymmetrical 
positions were between the values for the other two positions. The Prevost mirrors provided 
slightly lower drag than the MCI mirrors for \f/:£3° but much higher drag above this angle. 
Apparently . the Prevost mirrors caused flow separation over at least part of the downwind side 
of the bus. The results of the mirror variations are summarized in Table 6.3. 

--=-,zira,,., _ _.._, .. , ~,,_,., __ ,,_,_""'"l'l...,"!'l""""!'l'""'...,"!"'•••---..,.,.-'!!'l'!!"'l'!'!!"!l'"!""'!l",..,,."!', ____ ...,.'""'""'"------., ·- l'r: L'. ~· ,~_,,. -~, ~~, 
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TABLE 6.3: MIRROR EFFECTS WITH PROPOSAL 2 FRONT AND CJ3 REAR 

90 km/h 120 km/h 

CONFIGURATION Co <.\Co -· ,.\µ Co 6Co -· 6µ 

NO MIRRORS, #40 0.365 0.357 
MCI MIRRORS FWD, #42 0.394 -0 .029 -0 .83 0.385 -0.028 -2 . 20 
MCI MIRRORS AFT, #44 0.405 -0 .040 • 1 . 1 5 0.398 -0. 04 1 -3 . 07 
MCI ASSYM. MIRRORS+ 0.415 -0.050 - 1 .4 4 0 .403 -0.046 -2 .35 
SETRA MIRRORS, #46 0.434 -0.069 -1 . 9 9 0 .425 -0 .068 -4 .35 
PREVOST MIRRORS, #48 0.422 -0.057 - 1 . 6 4 0.397 -0 .040 -1. 84 

change in fuel consumption, !2/100-km ., positive represents a fuel saving. 

+ estimated as #40+(#55-#51 ). 

6.5 Miscellaneous Modifications 

A series of small modifications were made to investigate the following: 

- wheel skirts closing the sides o f the wheel wells, P17; Run # 57 
- a front air dam below and behind the bumper, Pl 8; Run ii 58 

tire fairings to shield the tires lrom the oncoming flow, Pl 9; Run # 59 
rear side vortex generators, P20; Run # 60 
a modified drip rail, P21; Run # 61 

1 5 

Most of these modifications had only small effects on the drag. Of them, only the wheel skirts 
produced a drag reduction while the remainder produced no change or a drag increase. The 
results of these tests are summarized in Table 6.4. 

TABLE 6.4: MISCELLANEOUS SMALL MODIFICATIONS TO THE PROPOSAL 2 
FRONT WITH BEVELLED REAR AND ASYMMETRICAL MIRRORS 

90 km/h 120 km/h 

CONFIGURATION Co ac0 -· ,.\µ Co 6Co 6µ· 

STANDARD, #55 0.349 0.341 
WHEEL FAIRINGS, #57 0 .330 0.0 19 0.55 0 .324 0 .017 0.3 1 
AIR DAM, #58 0 .393 -0 .044 - 1 .27 0.380 - 0.038 -1. 94 
TIRE FAIRINGS, 1159 0 .353 -0. 004 -0 .23 .0 .349 - 0 .0 08 -0. 4 1 
VORTEX GENERA TORS, 1160 0.354 -0.005 -0. 1 4 0.346 -0.00 5 -0.31 

• change in fuel consumption, !2/100-km., positive represents a fuel saving. 
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6.6 The Best Combination 

A comparison can now be made between the best new configuration, the Proposal 2 front 
with the bevelled rear, the current production MCI CJ3 bus, the Prevost H3-40 bus, the 
Mercedes 0404 bus, and the Setra S31 5 bus. These configurations were composed of the 
following elements: 

New MCI 
MCI CJ3 
Prevost H3-40 
Mercedes 0404 
Setra S315 

Proposal 2 front, bevelled rear, asymmetrical mirrors 
- CJ3 front, CJ3 rear, asymmetrical mirrors (estimate) 

Prevost front, CJ3 rear, Prevost mirrors 
Mercedes front, CJ3 rear, Prevost mirrors (estimate) 
Setra fron t, CJ3 rear, Setra mirrors (estimate) 

Estimates were used for the drag of most o f the mirror geometries because not all of the 
front-end configurations were tested with the required mirrors or mirror locations. In each 
case where an estimate was made, the additional drag increment due to the mirror change, based 
on the mirror measurements made with the Proposal 2 front, were added to account for these 
mirrors on the other bus shapes. Table 6.5 summarizes the differences in drag and fuel 
consumption between these configurations. using the Proposal 2 configuration as the reference. 
The drag increments added to account for the incorrect mirror geometries are summarized in 
the table. Thus. the wind-averaged drag_coefficients quoted are those for the run indicated, plus 

the additional mirror drag increment, tiCom;, . 

TABLE 6.5: COMPARISON OF FULLY-EQUIPPED BUSES 

90 km/h 120 km/h 

CONFIGURATION I.IC om,, co+ • 
t.Com,, tico+ -· Xcp# t>Co aµ Co 6/l 

NEW MCI, #55 0.349 0 .34 1 
MCI CJ3, i/37 0 .0 1 0 0.606 ·0.257 • 7 .40 0.010 0.581 -0.240-12.28 
PREVOST. i/63 0.447 -0.098 ·2. 82 0.415 -0.074 .3. 79 
MERCEDES, 1122 0.029 0.649 -0.300 -8 . 64 0 .029 0 .627 -0.286-14.63 
SETRA, #35 0.069 0.69 4 -0 .3 45 ·9 .93 0.068 0.669 -0.328-1 6.78 

+ equal to the win~averaged drag coefficient for the run number stated plus the mirror 

• 

# 

d . t i.lCo rag rnc remen mi<· 

change in fuel consumption, J1/100-km., positive represents a fuel saving. 

distance in rn. forward of the mid-wheelbase point. 

2 .81 
2.06 
2.29 
1.62 
1 .98 

The drag coefficient curves for these configurations are compared in Figure 15 and the 
side force and yawing moment coefficient curves are presented in Figure 16. Once again, 
estimated mirror drag coefficients have been added to the configurations noted above. The key 
for Figure 15 summarizes the measurements that were combined to produce the curves plotted . 

1 au: 111 +* ..... , ..... 
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Figure 17 compares the fuel consumption of the new design with those of the other four 
main configurations, as functions of road speed, for identical masses of 16,500 kg, identical 

drive-line losses of 15%, and identical frontal areas of 8.36 m2. The new bus is seen to 
provide a large reduction in fuel consumption compared to the standard MCI CJ3 bus and the two 
European buses, and a substantial advantage over the Prevost bus. The current MCI CJ3 is 
inferior to the Prevost H3-40. The improvement of the new configuration over the MCI CJ3 
results from both front and rear shape improvements while the advantage over the Prevost bus 
comes primarily from the rear-end shape. The new MCI configuration would have a yaw centre 
of pressure location that is 0.52 m ahead of that for the Prevost bus. 

6. 7 Flow Visualization 

The llow over the best combination was observed, or visualized, using two techniques. 
First, smoke was used to obtain a gross overview of the external flow field and, second, a fine 
pigment suspended in an oil mixture was painted on the surface of the bus to show the details of 
the surface flow. Both flow visualization techniques were performed at zero yaw angle only. 

The smoke flow photographs of Figure 18 show a few important details of the flow. 
Figures 18a, 18b, and 18c clearly indicate that the gross flow follows the contour of the bus, 
both up over the front top edges and down over the rear bevel. Figure 18d shows the wake of a 
mirror extending along the side of the bus. 

The surface-oil-flow photographs of Figure 19 contain more detail than do the smoke 
flow photographs. Figure 19a shows the stagnation point on the front face of the bus. The flow 
streamline that strikes the bus at this point comes to a complete stop, providing the point of 
highest positive pressure on the front face. The remaining streamlines turn and diverge from 
this point. While the smoke showed that the flow around the front edges was attached, the oil 
flow shows that there is a very small separation region, or bubble, at the downstream edges of 
the top and side corners. Here, the flow separates and immediately re-attaches, producing a 
small separated cavity parallel to these corners, as indicated by the accumulations of oil. The 
small separation causes little or no drag incr,ease although it indicates that the edge radius 
should be increased for a greater margin from separation • an observation that is consistent 
with the Reynolds number sensitivity observed for this configuration. 

The influence of the mirror can be seen over the full length of the side of the bus in 
Figures 19b and 19c. The two lines above and below the mirror on the bus body indicate 
separation lines feeding a pair of vortices induced by the mirror. These vortices contribute to 
the drag increase caused by the mirrors and could be a source of aerodynamic noise. The mirror 
on the driver's side, in the aft position, showed an almost identical flow pattern. 

Figure 19d shows the rear-end flow. The flow is attached on the bevelled top and side 
panels and is separated over the bluff base. It appears that a horizontal, trapped vortex sits on 
the upper third of the base, in the region that is covered with the oil mixture, It is fed by the 
flo11l over the roof and along the upper sides of the body. The strength of this vortex flow may 
tend to keep this region scoured clear of dirt. The remaining, lower, separated flow region is 
fed by the underbody flow and by the side flows coming over and out of the rear wheel wells. It 
should be the dirtier region because it is fed by the most dirt-laden flow from the wheels and 
because the larger, more diffuse vortex contains lower-speed flows. 
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7. 0 CONCLUSIONS 

A wind tunnel test was performed to select the best aerodynamic configuration for a new 
bus - Proposal 2 with a bevelled rear end - from a set of proposed designs, and to compare this 
configuration to the current production MCI CJ3 and to three competitors - the Prevost H3-40, 
the Mercedes 0404, and the Setra S31 5. The new design had lower aerodynamic drag than the 
other buses, resulting in lower predicted power consumptions and lower fue l consumptions. 
The reduced fuel consumption has an obvious and strong impact on the direct operating cost of 
the bus while the lower required power level should result in reduced noise, increased drive 
line re liability, better passing acceleration. and greater drive tire life. An indication of the 
superior performance of the new bus is given in the following table. 

PERFORMANCE COMPARISON AT 120 km/h 

BUS Co TOT AL POWER, kw FUEL CONSUMPTION 
12/10 0 -k m. 

New MCI 0.349 197.8 45 .3 

MCI CJ3 0.606 252 .8 57 .9 

Prevost H3-4 O 0.44 7 214.8 4 9.2 

Mercedes 0404 0 .649 2 60.9 59.8 

Setra S315 0 .694 2 71 .4 62. 2 

This design is a good compromise be tween low drag, as shown by these tests, and ease of 
manufac ture, according to the attending MCI engineers. It would be possible to design a lower
drag front end for this new configuration. one that might have a wind-averaged drag coefficient 
below 0.30. but it may require a significant change to the driving position and mirrors. as well 
as being a more difficult and expensive geometry to manufacture. 

8. 0 NOTATION 

Kfi'l'AN¥ 

ai rolling resistance coefficients, equation (1 2) 
b re ference width for moment coefficients, wheelbase.. 7 .225 m. full scale, 

0.7225 m. model scale 

Co drag coefficient, D/ (1 /2pV2A) 

wind averaged drag coefficient based on bus road speed, Co(Vb) 

drag coefficient, L/(1/2pV2A) 

drag coefficient, M/(1/2pV2Ab) 

Cr-J drag coeffic ient, N/ {1/2pV2Ab) 

CR drag coefficient, R/(1/2pV2Ab} 

Cs drag coefficient , S/(1/2pV2A) 

D aerodynamic drag force, N. 

; I I I ;a:: T '"" ;; ' t] 1•·tt 4 ;: !$ 

- 2 = D/(1/2pVb A} 

ii I 
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wind-averaged drag, includes the effects of the 11 km/h annual hourly mean 
wind speed blowing with equal probability from all directions, N. 
total resistance to the forward motion of a bus due to aerodynamic d rag, rolling 

resistance of tires, and wheel bearing losses, N. 

slope of the yawing moment coefficient versus yaw angle curve, deg.-1 

slope of the side force coefficient versus yaw angle curve, deg.-1 

bus mass, kg. 
power required at the rear wheels for propulsion of the bus at speed Vb, kw. 

accessory power consumption, kw. 

engine power, P8 /ri , kw. 

wind-averaged engine power, kw. 
engine power rating, kw. 
rolling resistance of tires and wheel bearings, N. 
bus road speed, km/h. 
resultant air speed due to wind and bus motion, equivalent to wind tunnel test 

speed, equation (5), km/h. 
speed of the natural wind, km/h. 
reference length for Reynolds number, maximum legal vehicle width, 2.56 m. 
centre of pressure of the side force vector relative to the mid-wheelbase origin 

of coordinates, equation (18), m. 

air density. 1.226 kg/m3 at S.T.P, 
yaw angle, the angle between the direction of the resultant wind and the direction 
of bus motion, equation (4), deg. 
direction of the natural wind relative to the direction of bus motion 
transmission efficiency 
bus fuel consumption, ,2/100-km. 

wind-averaged bus fuel consumption, equation (16), e/1 00-km. 
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J_ 

FIG. 1a: SMOOTH CJ3 MODEL ON GROUNDBOARD LOOKING DOWNSTREAM 

FIG. 1b: TEST SECTION AND CONTROL ROOM VIEWED FROM BEHIND OPERATOR 
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I a 

FIG. 1c: FITTING HATCHES, SMOOTH CJ3 

FIG. 1d: MODEL WITH ALTERNATE FRONT AND REAR COMPONENTS 

(from left to right· Standard CJ3, Setra S315, Prevost H3-40, Mercedes 0404, 
Smooth CJ3, Proposal 1, Bevelled Rear, Proposal 2 • 

note suction slot just upstream of the turntable) 
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Standard MCI CJ3 Smooth MCI CJ3 
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FIG. 7b: MCI FRONT-END CONFIGURATIONS 
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FIG. 7c: COMPETITORS' CONFIGURATIONS 
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FIG. 16a: SIDE FORCE COMPARISON OF MAIN CONFIGURATIONS WITH MIRRORS 
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FIG. 18a: OVERALL FLOW FIELD 

FIG. 18b: LEADING EDGE FLOW 
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FIG. 18c: ATTACHED REAR BEVEL FLOW 

FIG. 18d: MIRROR WAKE 

• ildl JI 41 a 1& iii 4Uf 0 kj E !ti I 15 11f t 14 iii 
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FIG. 19a: FRONT-FACE FLOW SHOWING 
STAGNATION POINT AT LOWER CENTRE 

FIG. 19b: MIRROR-INDUCED FLOW 
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FIG. 19c: CLOSE-UP OF MIRROR-INDUCED FLOW 

FIG. 19d: BASE FLOW 
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APPENDIX 1: RUN LOG 

RUN TYPE FRQNT REAR TRIP HATCH RAI L MIRRQR ~ Co(88) PHQTQ 

1 3 YAW SMOOTHCJ3 STANDARD t-0 t'OJE 1'°'E t'OJE f\O'E 0.443 P1 
CJ3 

1 4 Pe 

1 6 YAW STD STD 0.443 P2 

1 8 Pe STNIJDARD P3 
CJ3 

1 9 YAW 0 .674 

21 Pe MERCEDES P4 

22 YAW 0.708 

25 Pe PROPOSAL1 P5 

26 YAW 0.435 

28 Re PROPOSAL2 P6 

29 YAW 0.435 

31 Re PREVOST P7 

32 YAW 0.472 

34 Pe SETRA PB 

35 YAW 0.717 

37 YAW STANDARD CJ3 FWD 0 .689 P9 
CJ3 

39 Pe PROPOSAL2 YES l'OJE P t0 

40 YAW 0.434 

42 CJ3 FWD 0.479 P11 

44 CJ3AFT 0.498 P12 

1,,.., ( (.; /V ? °' (?;/,,,"' - c) i .x 
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I • I 

i 

i 

t 

filJ..ti 

46 

48 

50 

51 

53 

55 

57 

58 

59 

60 

6 1 

63 

65 

66 

68 

69 

72 

TI.e.l;. 

YAW 

Pe 

YAW 

YAW 

Pe 

YAW 

EBQt:U REAR I.B.L.e. t:IAIQt:I 

PROPOSAL2 STANDARD YES STD 
CJ3 

BEVELLED 

PREVOST STANDARD YES STD 
CJ3 

PREVOST 

PROPOSAL 1 

SMOOTHCJ3 

RAl.l. MIBBQB ~ Co(88) Et:IQIQ 

STD $ETRA 0.524 P13 

PREVOST 0.472 P 14 

f\O\JE P 15 

0 .370 

CJ3 FWD 0 .411 P11 

CJ3, RIGHT 0.428 P16 
FWD, 

LEFT AFT 

I SKIRTS 0.421 P17 

AIR DAM 0.467 P18 

TIRE 0.436 P19 
FAIRING 

VORTEXGEN. 0.434 P20 

MJD t-oE 0 .429 P21 

STD PREVOST 0.488 P22 

l'OJE 0.449 P23 

P24 

0.439 

0 .444 P 25 
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P1 
P2 
P3 
P4 
P5 
P6 
P7 
PS 
pg 
P10 
P 11 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 

APPENDIX 2: PHOTOGRAPHIC LOG 

MCI Smooth CJ3 Front and Standard CJ3 Rear 
MCI Standard Hatch and Drip Rail 
MCI Standard CJ3 Front 
Mercedes 0404 F root 
MCI Proposal 1 Front 
MCI Proposal 2 F root 
Prevost H3-40 Front 
Setra S315 Front 
Standard CJ3 Front with Standard CJ3 Mirrors 
MCI Proposal 2 Front with Flow Trip 
Proposal 2 Front with Standard CJ3 Mirrors Forward 
Proposal 2 Front with Standard CJ3 Mirrors Aft 
Proposal 2 Front with Setra Mirrors 
Proposal 2 Front with Prevost Mirrors 
Rear End with 15° Bevels on Top and Sides 
Proposal 2 Front with Standard CJ3 Mirrors Forward and Aft 
Proposal 2 Front and Wheel Skirts 
Proposal 2 Front with Air Dam 
Proposal 2 Front with Tire Fairings 
Vortex Generators Immediately Upstream of Bevelled Rear 
Modified Drip Rail 
Prevost H3=40 Front with Prevost Mirrors 
Prevost H3=40 Front with Flow Trip 
Proposal 1 Front with Flow Trip( 
Smooth CJ3 Front with Flow Trip 
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P1a: MCI SMOOTH CJ3 FRONT P1b: MCI STANDARD CJ3 REAR 

~ ,... 

P2: MCI STANDARD HATCH & DRIP RAIL P3: MCI STANDARD CJ3 FRONT 
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P8: SETRA S315 FRONT 

P9b: MCI STANDARD CJ3 FRONT WITH 
STANDARD CJ3 MIRRORS FORWARD 

P9a: MCI STANDARD CJ3 FRONT WITH 
STANDARD CJ3 MIRRORS FORWARD 

P10: MCI PROPOSAL 2 FRONT WITH TRIP 
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t 

P11a: MCI PROPOSAL 2 FRONT WITH 
STANDARD CJ3 MIRRORS FORWARD 

P12a: MCI PROPOSAL 2 FRONT WITH 
STANDARD CJ3 MIRRORS AFT 

{;.,-

'}, 

P11 b: MCI PROPOSAL 2 FRONT WITH 
STANDARD CJ3 MIRROR FORWARD 

~~~·::· ----
, . ·' ., ·····~-, 

I
., .. , .. , .. ,,.,·,, . .... ; .·/'- , . ···, iii 
. 

P12b: MCI PROPOSAL 2 FRONT WITH 
STANDARD CJ3 MIRROR AFT 

;;-....,,,, ....... ~ 
-i:, 
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P13a: MCI PROPOSAL 2 FRONT WITH 
SETRA MIRRORS 

P13c: MCI PROPOSAL 2 FRONT WITH 
SETRA MIRRORS 

P13b: MCI PROPOSAL 2 FRONT WITH 
SETRA MIRRORS 

P14a: MCI PROPOSAL 2 FRONT WITH 
PREVOST MIRRORS 

~ 
t;,; 

'tf 
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P14b: MCI PROPOSAL 2 FRONT WITH 
PREVOST MIRROR 

P15a: REAR END WITH 15° BEVELS 
ON TOP AND SIDE EDGES 

fl¥··.-..·.., •;.!!-h 'p· y 1,..1): 

! :.,. 

P14c: MCI PROPOSAL 2 FRONT WITH 
PREVOST MIRROR 

P15b: REAR END WITH 15° BEVEL 
ON TOP EDGE 
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P15c: REAR END WITH 15° BEVELS 
ON SIDE EDGES 

'-'- - ~ , 

P16b: MCI PROPOSAL 2 FRONT WITH STANDARD 
CJ3 MIRRORS FORWARD AND AFT 

P16a: MCI PROPOSAL 2 FRONT WITH STANDARD 
CJ3 MIRRORS FORWARD AND AFT 

P17: MCI PROPOSAL 2 FRONT AND 
WHEEL SKIRTS 
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P18a: MCI PROPOSAL 2 FRONT WITH 
AIR DAM 

P19a: MCI PROPOSAL 2 FRONT WITH 
FRONT-TIRE FAIRING 

P18b: MCI PROPOSAL 2 FRONT WITH 
AIR DAM 

P19b: MCI PROPOSAL 2 FRONT WITH 
REAR-TIRE FAIRING 
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Q : 

P19c: REAR-TIRE FAIRING 

~ 

P21: MODIFIED DRIP RAIL 

- ~ 

·~J'.! 

P20: VORTEX GENERATORS IMMEDIATELY 
UPSTREAM OF BEVELLED REAR 

P22a: PREVOST H3-40 FRONT WITH 
PREVOST MIRRORS 

r-
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APPENDIX 3: DATA TABULATION 

The following notation is used in the tabulations: 

Rept/Tare/Run = 
QC = 
Re = 
P T = 

VEL = 
CL = 
CD = 
CY = 
CM = 
CN = 
CR = 

Test number/Run no. for wind-off balance zero readings/Run no. 
reference dynamic pressure corrected for wall effects 
Reynolds number 
point number 
test wind speed based on QC 
lift coefficient 
drag coefficient 
side force coefficient 
pitching moment coefficient 
yawing moment coefficient 
rolling moment coefficient 
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DUS TEST Rept/T<lrc/Run 0607/012/013 !IVS 'fESt Rqp l;/T,'JretRun 06011ol a101.; 

C3 51100TH FR(mr, C3 S lt1NOAfiD REAR C3 SUOOTM FR(INT, C3 S TANOARO REAR 

ATN PRESS = IOl . 2 KPA TEMP= 24.08 C Don d . l;(J= 1. J 86 Kg/m3 ATM PRESS~ 101. 2 KPA TE11P: 22. 34 C Oen?.ielJ= l. 1'13 Kg/m3 

"" len9th=O. 722~ m Ref Ar -.a= 0. 08358 m~ GC= 3. qo Xp.it .. , ,,...,,u, .. o, 7~2S m Ref A~P~= 0.083,e ~ 2 OC• o. sa Xpo ••• 1. 3:>66 Mi I \ion Re= (). 5~ 50 Nillton 

Pr VEL YAW cc co CY CK CN en PT Y£L YAW CL CD CV CM CN en 
( /T1/S) (,Sq9 > ( m/o;.J <6eg> 

O! St . I -2. 95 - 0 . 0156 o. 3527 -o. 2570 0 . 0 *~1 - 0 . 0?24 - 0. 0S97 01 31. 1 - 0. 03 - o. 0877 0,'1856 - o. 0131 o. 1040 - o. 0123 - 0.0107 02 8l.3 -1. 44 -0. 0396 o. :)<,73 - o. 1139 0 . 0497 - 0 . 04:>6 -0. 0286 02 37, 2 -0. 03 - o. 00:Jb 0.'1~26 0, 0009 o. 0941 -o. 0036 -0. 0024 00 81. 0 0 . 08 -o. 0506 0, 3481 0.0213 0 . 0509 0 . 0021 0 . 0044 03 43, 2 -0. 03 - 0.0793 0 , 4579 0, 00:21 o. 0986 -o. 0022 -0. 0026 o• 81. 3 1. 60 -0. 044? 0,3507 0, 1570 0. 0447 o. 050? 0. 03J6 o, 4?, 7 - 0 . 03 - 0.0758 0.4$17 0, ooss o . 0959 - 0 . 00~1 - 0 . 0015 ·~ 81. 2 3 . 1:, -o. ()094 0, 3,01 0.3030 0. 0316 0. 0990 0. 06~-1 00 SS. 7 -0. 03 - 0.0703 0 , '1387 0.0086 0 . 0857 - 0.0014 0 . 0001 06 81. 1 6. ~l 0. 09 (~ 0 . 3801 0.6043 0. 0273 o, 194'7 0, 1333 06 62. 5 -(), 03 - 0 . 0648 0, '1331 0 . 0106 0 ,0879 - 0 .0013 0 . 0008 07 80. 4 ? . ~7 o. 2249 0 , -1037 0, "1187 0, 0316 o. 292 1 0. 2055 07 68. 6 - 0 . OJ -0. 0616 0 . 4204 0 . 01 l~ 0 , 08? 4 - 0 . 00l3 0. 0007 08 '18. 8 12. 35 0, 4223 0 , '1496 1. 250J 0, 0256 o. 38?6 0. 2854 08 75, 6 - o. OJ' -0. 0552 0 . 41'13 0 . 0104 0 . 086:2 - 0. 0015 0, 0013 o• 80. 8 -0,03 - o. OS3'i 0. 3477 o. 009-2 0 . 0536 -o. 0011 O. OOJ3 10 07. 2 - 0. O:J - o. o4e, 0. 348? o. OOSt 0. 0$43 - o. 0013 0. OOOJ l'h,s; i pe e~(tni/h > ~ind Av~ro9cd CD II 93. 6 -0, O:J -o. o,;19 0. 34:iS 0. 0031 o. o,4J - o. 00:?~ - 0. 0002 3S. 00 0, 410 
•l5. CO 0.3137 
55, (10 0, 376 Duo:. $peed(milh> Wi nd Avor~ged CO 65, 00 0.3b'1 3~. 00 0, 000 
JZ.00 0 , ~b::l .a,. oo 0 . 000 

~5. 00 0.000 
6$. 00 0.000 
?S. 00 0 . 0 00 

GUS TE-ST Reptt Ta f'e/Run 0607/015/016 DUS TEST A:ep t/Tare/Rul\ 0607 /0 17/019 

C3 $'100TH FRONT, C3 STANDARD REAR PRODUCTIOI~ C3 FRONT, C3 $TANOAAO REAA: 

ATM PRESS: 101. 1 KPA TEMP= 24, 48 C Oens i ty• 1. 183 Kg /tn3 ATM PRESS• 10 1. 1 KPA Tl!Kf'"' 21.88 C Dens l ty"' t. 193 Kg /a3 Ref longth =0. 7225 m ~ef Ar c ~ n O, 08358 ~ OC• 4. 22 Kp.:t Ro! lc 1~9th,.O. 7225 m Rel ~rc~a 0 . 083:)0 m2 OC• t. 46 Kp~ 
He= 1. 4083 Mlllton ••• 0. 0386 Mill ion 

PT vec YAW cc co CV CM CN en PT V£C YAW CL co CY CM CN CR (m/:i > <de9 > (111/ 0:. } <~e11> 

01 84. !> -3. 01 - o. 006'1 0, 3554 - o. 2713 0 . 04 15 -0. 0951 -o. 0645 01 4~. 5 - o. OJ - o. 1J50 0 . :)431 0,0136 o. 0883 - 0.0033 -o. 0045 
02 84, 4 - 1. 57 -0. 0338 0, 3000 -o. 1293 0 . 050 1 - o. 0480 -o. 0339 02 :,:,. 7 -o. 01 - o. 1106 0 , 5449 0 . 0142 o. 084l -0.002"} - 0 . 0034 
03 84 . 7 -0. 05 -o. 0460 0.3480 0.0089 0. 0512 0. 0000 - o. 001:;! 03 6 1. 9 -o. 01 - 0 . IM4 0 , $389 0.0143 0.0817 - 0, 0029 -0. 0024 o, O.Q . 4 1. 48 - 0, 0450 0.3SS4 0 . 1502 0. 0488 0, 045-1 0. 0305 04 67 . 8 - o. 01 -o. Maa 0 . S:363 0.0152 0.0842 - 0 . 0036 - 0. 0022 
05 04. S 3, 02 -o. 0079 0.3588 0 . 2939 0. 034:i 0, 0'157 0, 0647 OS 74. 7 - 0. 0 1 - 0.0947 0 , 5364 0.013-3 0 . 0060 -0, 0038 - 0. 0016 
06 84. 2 6. 07 O. ODD6 0 , 378 1 o. 59:2!> 0, 021.8 o. 1~1'1 o . 13 '1 5 06 S0. 8 -0. 0 1 -o. oaa, O.S362 0 . 012 1 0 . 0052 - 0 , 0043 -0. 0015 O? 83. 4 ~. 14 0.2'223 0 . 4012 0 . 904) 0.0272 o. ;ie91 0 , 2049 07 06. S - 0. 0 1 - 0. 0839 0,53'34 0 . 00?4 0.00-15 - 0 . 0048 -0. 0024 oe 83. t 1:?. 2 1 0 , ~l66 0 , 4401 1 . 2432 0. 0210 o. !)81-l 0 , 28:i3 oe 92. 6 -0. 0 1 - o. 0782 0.5295 0 . 0052 0. 0 068 -0. 0038 - 0. 0033 

Bv , ,;p~ed (ml/h > Wi.nd Aver-.>9e d CO Duo:. ,;peed ( 11'1(/fl > Wind Averaged CO 
3:1. 00 0,1,09 35. 00 0 . 000 't:i, 00 0, 397 

" ' · 00 
0 . 000 s,.oo 0.377 ss. 00 0. 000 65. 00 0, 371 6S, 00 0. 000 

7:i.00 0 . 367 
"'· 00 

0. 000 
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i 

• 

Pr 

01 o, 
-03 
o, 

"" 06 
07 
08 

Pr 

Ol 
02 
00 
04 
0 0 
06 
07 
00 

ovs re:~r Rep t /T~ro/Run 0607/017/0lq 

?RODVCT (ON CO FRONT, CJ" ;;rANOAil(i .Qf-'f~ 

ATM PfiESSa. lOI. I KP/, YE'MP= 27, 09 C Oen~i t9= l. l 73 Kp/m:l 
net (('::~~ ·.-o 7,?25' m R~ i r.r c-1- (), oa:1:-ia ffl2 oc- 4 . 18 K11~ .,. \ . 3047 t"!llllOM 

Vf.L y.,~ CL CD CY CH CN <:n 
( fr,/ SI <4cg) 

64. 4 -~ tO -() 0440 o :;oeo wQ , :?7&8 0 . 0719 -() 0927 - 0 , Ol,99 

••• - 1 50 -() ()"/67 0 :;,006 - o . 1331 0 Of):2~ -() 04?6 -0. 0'J?b 
,P..:. . ~ ··O. 00 - o . 004 1 0. 5304 0 . 0 0 46 0 . 003,, - 0 . 00'10 - o . 00'1-'I 
r,.1. ,. L 47 - o. 062:J o. 531j 0 . 1442' 0 ()777 0 . 0392 0 . 0::??6 
e4. o '.). 01 -0. 0156 0 . !)-'110 0 . 2864 0 0?97 0 ()902 0 . 06111 
&3 . • (:, 0~ 0 . 0 7 00 0 . 5 064 o . . saie 0 . 0855 0 . li'i'l o. 1:)38 
$2.Q 9 , 10 o. ;>;?:m 0. 66?6 0 .0?&2 0 . 09~:J 0.2416 0 . 21J6 
tH.a : ;;t. 20 0, 4!.!S 0 . 750l L 24~S 0 . 0670 0 . 3019 0 , :2Y6J 

nv, ~jl eed (~i /h) ~ ~nd Avc-,-~9od CO 
3S. CO 0.662 
,s. co 0. 61 2 
s~. oc 0 . &CM 
60.. co 0 . 567 
75. co 0. 558 

aus TEST Rep t/T,'.lr~/R,;n 0607/020/ 0~2 

MERCEDES BENZ FR.ONT. CO .~f/,NMRO REAR 

Al'M PRESS= tO L !> KPA TEMP= :?6. 7 4 C Oensit•r= l. 178 K11/n3 
Ref lcn9th~ O. 1i2s m Ref Arflac 0 . 08JSO 1112 oc- 4 . 16 Kp4 

P.~= t . 3870 Ni 1 ltnn 

\'El YAW CL en CV Cl1 CN CR 
( ~ /S) \ ,Jcg) 

e ... o - ~. OS 0. Of$~ 0 . S702 - (). 307$ 0 . 1055 .. o . 09:28 - o . 005'1 
fl'1. 0 -1 . so - 0.0!7d 0. OM7 - o . 1$i3 0 . 143? .. o . 0'191 - 0 . 0470 
8•1.2 -0. 01 - 0. 0250 0. ~5b9 o. 0050 0 . 1113 7 - 0 . 0009 - 0 . 00!')9 
63.? I ' 5-:? -0.0045 0. SAS:. 0. t5Ml 0 . 1504 0. O~Vl 0 . 0 3 ~5 
8 4. 2 ~1 Ol, 0 . 0 .. 7:) 0. 5873 (), 3'! 70 0 . 14A9 0 Of-?l:IJ 0 . ()7f)8 
8 'J , 6 (, . 1 1 o. 2oa4 0. 6:?52 0 , ¢ 405 0. ~ 55.~ 0 . JfH~ 0 . 160:} 
82.7 9 . 1'? 0 . .;20, O.t.862 0. ~175 o. t 707 0. 2/07 0. 24:fS 
01.0 12 . :?6 0. t.789 0 . 7042 1. .JJ"/0 0. ib'?2 0. 3020 0. :33?0 

Du~ s p etd (m i/ h) Wi nd A. ... e ,..a,;e~ Ci> 
35. 00 O.t.05 
4!) 00 0 . 64'.l 
!>5. 00 (). 6~0 
o,. 00 0 , 1,06 
,~. 00 0 . S</8 

er 

01 
02 
00 
O•I 
05 
OS 
07 
0 0 

Pl' 

Ol 
02 
00 
04 
OS 
OS 
C7 
00 

:Jus r cs1 Rei:·~ITOl't"IHun 060i'/020/0:21 

ME~C€0£S 0€~1Z l:'flONT, C3 ~Tt,NOt,RD ne,,R 

ATM l'RG"~S., LOI.:; KP/, r:;:n?= 2 1. 6<:t C OP.n~~ t 11= t. !~? K.9/..,.3 
AH hn9th=O. 7225 m n et' A 1•1',:I= 0. 08JSD "'12 ;)C:i J .47 Kp-1 

1-1<>= 0 8404 Mi 11 t 011 

vet VAW CL co CY CM Cl< (;U 

~ '"I" l C ll l'l9 > 

4?.6 -o. ()::! -o. 0500 0 . :;997 O.O lt.:: 0. I 4t.7 - 0.000:l - 0 0035 
s:;. o -o o;i -o.o.:.,e 0 . :;95q O. Ol~'1 0. 1506 - 0.0001 - 0 . 00 1 9 
61. 7 -o. o;i -o. o.:.;,:9 0 . 58~~ 0 , 015:l 0 . 1501 0. 0006 - 0.0018 
68.0 - 0 . 0 2 -O. O••'J& 0 . S89f. 0 ,0150 0 . tSt.3 0.001~ - 0.0012 
n.6 -o.o:;i -o. 03t>S o. sa~s 0 , 0 160 0 . 15CO 0 . 0019 -() , QQl3 
80 . .3 -0. 0?. -0.0359 0. 5773 (), OO'nJ 0. lt.8 1 -o. 0003 -0. 003] 
66.8 -0. 0 2 -o. o3i6 0 . S69 t 0 . 0034 0 . !448 - 0 .0022 - 0 . 00!>1 
?3.0 - 0 . 02 - 0.020Y" 0 . 5666 -0.000~ o. 1461 ... 0 , 0030 -0.0059 

rlu,; SP l'l'iJ (mt/~) Wi nd Aver- ,'.l9ed CO 
05.00 (), C·0-0 
'15. 00 0 , 0 -00 
SS. 00 0 . 000 
65. 00 o.oco 
75. 00 0 . oco 

!lVS TEST Ropt-/T.'.l r c-/Run 0607/024/025 

PR0f>0$A1.. fi ! FRONT, C3 STANDARD REAR 

ATM PnEss~ 101 . ~ KFA l'€)iP=- 23, 98 C Den-:;it11 =- L 18? K9/m3 .. , lon9th=O. 7225 m Ref A.1'<','.l= 0 . 083:)8 m2 ac= \, <1'1 Kp~ 
Roe o. 83~, Mtlllon 

V~l. YAW Ct. co CY C<1 CN CR 
(!'11/$) < (lcig ) 

,)9. 8 -0. 02 - O. OO?i 0. 'H:)3 O.Ot 31 0. 0939 0 . 0050 - o . 0068 
56 I -o. 02 - 0 . 065< o. 3!>12 0 .01 ,b 0. 0766' o. 0033 -0. 00:36 
b2. ::, -0. 0 2 -0. 063-7 0. 3 '\SO 0 . 01.;b 0. 0/29 0. 0039 -o. 0031 
b7 . "J -(). 0:2 -0. 01,11.> 0. 3 1150 0 .0137 0.0700 0 . 0005' - o. 0029 
76. 0 -0. 02 -o. 0 55~ 0. 3,147 O. O lt'J 0 .0704 0 . 0029 --o. 0024 
SL 2 -o. 02 - 0 . 0496 0. '3420 O.OOOt 0.0702 0. 002b ... o. 0030 
07. 7 .. o. O:? -0. 0443 0.3442 (), ()095 0.0732 0. 0023 -0. 0027 
?t.:. 1 - o. 0:? -0. 036l 0.04()4 (), 0022 0.0734 0.000?. -0. 003b 

Dus ~P~~d(ml/h) Wind Aver~~ed CO 
35. 00 0.000 
4$. 00 0 . 000 
~S. 00 0 . 000 
65. c,o 0 . 000 
75. 00 0 . 000 

000063



M
C

I - 039916

PT 

01 
02 
03 
o• 
05 
06 
07 
06 

PT 

o, 
02 
03 
o, 
OS 
06 
07 
08 

OVS TEST RC"pt/Tar t>/Run 0607 /024 /026 

PAOPOSf,1. ttl i:-RONT, C3 STANDARD ~EAR 

ATM PRESS~ 101 . S KPA T( K.D: 29.00 C Dci t1 ~it 1,1= I. t?O S!,,g/m3 
R e f 1en9th=O. 722~ ~ Re f Arc~= O. OSl,e m2 OC=- 4 . 24 Xp.1 

R•= 1.3860 M ill!Ol"l 

V€L YAW CL 
Ctr>/$> CdeO) 

co CV C,t CN CR 

es. 1 - 3 . 04 0 . 00J2 0 . JS06 -o. 2794 o. 0~93 --o. 0932 -0. 06?5 
85. l - 1. 53 - o. 0400 0.346 1 - o. 1322 0 , 0?2:> -o. 0484 -o. 0367 oi:i . 9 - 0 . 0l -o. o,g., 0 . 3419 0.0072 o. 0715 0. 001'1 - o. oo:n 84. Q t. 52 -o. 0378 o. 3 461 0 . 1:i44 0.0719 o . os.12 0.0277 e:;.o 3 . 05 0.0(07 0 . 353"1 0 , 3021 0 . 0650 0. 1027 o. 00::,1 84. 7 &. 11 0. 1092 0.3592 o, 600S 0 .0490 0.2064 o. 1367 94, 0 ? . 19 0 . 229'? 0 . 3778 o. 9144 0 . 0447 0 . 30?0 o. 2111 83. 6 12. :?6 0 . 4026 0.3872 I. 2580 0 . 0316 0 . 4102 0 . 2897 

Dvs ,p~•d<~ U h > Wind Av~r b9<"d CD 
35. ¢0 0 , 38J 
•15. 00 0 . 37.1 
SS. 00 0 . 363 
65. 00 0. 358 
75. 00 0.356 

avs TEST Rep t/Tor.-/Aur1 0607 /0271029 

PROPOSAL •2 FRONT, C3 STANDARD REAR 

ATM PRESS~ 101. 5 KPA l El'1P .. 29. 48 C Den,; H',I"' L 169 )\~/m3 Ref t•n9theO. 7~25 m Ref Artott 0 . 00358 m2 QC= 

VoL 
( ffl lS) 

84. 9 
84. 9 
8 4. 8 
8 4.? 
8~. 1 
84 . 3 
84, 0 
83, ( 

··-
YAU CL 

(d~g > 

- :;-. O:> 0.0190 
- 1 . 53 -0. 0187 
-0. 0 2 -0. 0210 

1. S i -o. 0131 
3. 05 0 . 0287 
&. 11 o. £274 
?. 18 0 , 2724 

12. 26 0 . 4498 

Bu~ l pe•d(o( /h) 
35. 00 
<45. 00 
~5. 00 
65. 00 
,:;.co 

1. 3799 Mil I ton 
4 . 22 Xpa 

co 

0 . 35.q3 
0. 3467 
0 . 342~ 
0.3471 
0 . 3:)32 
0 . 4833 
0. 5 168 
0 . 575 0 

CY CM CN 

-0. 2836 0 , 0761 - 0, 09S0 
-o. 1346 0 , 0856 -0, 0 4?3 

0, 006 1 0 . 0845 -0. 0023 
o. 1,33 0 . 0870 0 . 0 443 
0 . 00,1 o. 0784 o. 094'1 
0 . 6Jli8 0. 09.1 '2 0 . 206:; 
o. 9000 0. 09~9 0.2983 
1, 2851 0 . 0818 0 . 3 9 01 

Wind Av~r•g e d CD 
0 . 4'1& 
o. 4 :;;8 
0. 4 3 6 
0. 4J6 
0 .09b 

CR 

-0, 0670 
--0 . 0373 
- 0 . 0037 
o. 029 1 
0 . 066'1 
0. 1477 
0 . 22J2 
0. 3057 

P T 

01 
0~ 
03 
0 4 
05 
06 o, 
08 

PT 

01 
0~ 
03 
04 
OS 
06 o, 
08 

AVS n:sr Rep t/T.lr1t/Rvn 0607/0~7/028 

PROPOZAl •2 ~RONT, C3 S TANDARD REAR 

ATM PRESS= 101 , 2 KPA TE11P= 24.43 C Oens itv= t , 184 Kg/11>3 ... lc n9th=O. 7225 ~ R~f Are4M 0, 08358 m2 QC• 1, 46 Kpo ... 0. 827:, Mlllton 

VEL YAW CL 
(m/s ) ( .d~9) 

CD CY CM CN CR 

49.6 -o. 02 - 0.0.;02 0.47J3 o. 0146 0 . 1207 -o. 0006 - o. 0051 55. 9 - o. 0 2 - 0 . 046'1 o. 46S~ 0 . 014, 0. lit,? -0. 0012 - o. 0046 62. 4 - 0 . 02 -o. 043 1 o. 468, 0.016~ 0. 1193 -0. 0011 - 0 . 0033 6 7 . 2 -0. 02 -0. 0417 0 . 46 18 0 . 01S3 0 . 1140 -0. 0007 -0, 002S 7S.? -0. 02 -o. 032:i 0 . 449~ 0 . 0126 0 . 1133 0 , 0006 - o, 0017 81.2 - 0 . 02 - o. 0258 0 . 4430 0. 0133 0 . 1134 0. 0002 -0. 0016 97, 8 .. 0 . 02 .. o. 0189 0 . 4235 0.0075 o. J 111 --o. 0014 -o. 0027 93, 9 .. o. 02 - 0 . 0128 0 . 4046 0 , 0098 0. 1083 O. OOS8 -o. 0019 

avs ~p ud {mi/ld Wlnd Av erogod CO 
35. ¢0 0 . 000 
45. 00 0 . 000 ss. 00 0 , 000 
65. C-0 o. 000 
75. 0 0 0 , 000 

evs TEST R<"p t/T,H• I Run 0607/030/ 031 

PREVOST F~ONT, C3 STANDARD REAR 

ATH PRl:'.SS .. 101. 5 ~PA TEMP= 2$. 33 C Oen s it1p• 1. 184 Kg /m3 Rot len9th=O. 72~:> I'll Ref Ar o= 0 , 08350 a i OC• 1. 4 7 Kp.1 ••• O, SJOB Million 

VEL YAW CL CD CY CM CN CR ( mis) ( d rg ) 

•l9.9 -0. 01 -o. 1222 0 . 5340 o. 0190 0. 0?00 0.00 19 - 0 . OQ,2J 55.7 -o. O.t - o.11 66 0 . 523 4 0 . 0166 0.0627 0 . ooo, - o. 00;22 62. 0 - o. 01 -o. 1793 0 . 4941 0 , 0144 0 . 0591 - o. 004:) -o. 00;)'8 66. 5 - 0 . 01 -o. 1073 o. 4?~1 0 . 010~ 0 . 0524 -o. 0080 - 0.0033 ):l, 2 - 0 . 01 - o. 0918 0 . 3770 0. 0222 0. 0314 0. 0061 0 . 0025 81. !I 0 . 00 - o. 0853 0 . 3706 0. 0236 0 , 0307 0 , 0056 o. 0028 08.0 -O. Ol - 0.0B02 0 . 3709 o. 0214 0 .0~'18 0 . 0047 0. 0025 94. 2 -, . 96 -o. 0732 0 . 36~6 0 , 0032 0 . 0 794 o. oo~, -o. 0008 

Bu,; spe ed<mllh> Wi nd Av•rao•d CD 
3:t 00 0 . 000 
1:15. 00 0 . 000 
~5. 00 0 . 000 
65. 00 0 . 000 
75.00 0. 000 

000064



M
C

I - 039917

i 

-

Pf 

01 
00 
00 
o, 
00 
Ob o, 
00 

Pr 

Ol .,. 
0~ 
O• 
OS 
Ob o, 
08 

OVS TECT Rap t/T;,..-.: /fh.1•> 06071()30/0 32 

f>REVOSY r.~ON1' , C3 SiANDMO REr.R 

,'l. 'fM PHESS= lOL S 1-J' A n::MP= 2'7 90 C l)ef\S i t<,J.,. t 166 l{g/11'13 ... ter.o!ti =o . 7225"' fh•f Av-t;i = 0 083:>0 lT':? QCM 4 . 2.l K$>:t 

··- 1 3776 MI\ I J<in 

YCL vr,w CL co C'<f CM Ctl c:A 
(m/,;) ( :10~, 

as. o -3. 04 - o. 04</;) 0 . 38C•2 -0. 26!>9 0 . () 169 ... 0 . 00?3 - 0 . 0648 

U•L <) -1 ~2 --0 . 0741 o. 374S -·o. 1214 0 . 0284 -0. 0433 - 0 . 03:J:i 

8-l. <) -0. 0t -0.001:i 0 . 3?'16 Q. ():?13 0.0313 o.oo:H 0 . 001,. 

tM. <> 1. 51 -0. 0670 (). 3721 0 . 1~34 0.0258 0.0:;22 0 . 0317 
a4. o 3.0~ - o . o3a7 0 37?7 0 .2~2~ 0.0 192 0. 1028 0 . 06:.>7 
O•l.:, 6 . 11 0 . 0495 0 4001 0 . ::,964 0 . 0 180 0.2016 0 . 1 382 
O•LO 9 . 18 0 . t 726 0 43?8 0.<"/0'1°l 0.0163 0 . 2995- 0 . 2 JJ:} 
02.0 12. :!6 (), 4902 0 70?1 t. 3l71. O. Oi.13 0.0114 O. :l:J89 

8V$ SPtt4(ml/h) Win4 Aver~9•d CO 
35. 00 0. 501 
•15. 00 0. 41? 
SS. 00 0. 404 
6 5. 00 0.35'6 
7'!>. 00 0.390 

31.'S TESl Rcpt/larq/Run 060?1033/0:IS 

SETRA FRONT, C3 STANDARO R~AR 

ATM Pll.ESS::. 101. 5 KPA 'l'E)1P= 29. 5'<"/ C Oensity= 1. 166 i'.~/c.3 

"" l ting,~1, .. 0 . 72~5 111 ~tf Ar ,aa 0. 06J08 m?. QC= 4 , 00 '<.po 

R,• l. 3402 Mil U on 

... 'fl. 'tAW e,. co CY CM CN CR 

(~/~ ) ( d@!I ) 

s·2. o - 3 . 08 0 , OOG2 0 . 0.76B -o. 2'?16 0 . 1087 - 0 . 0753 -o. ()')4 2 

94. 0 - 1. ::,4 -o. 0378 o. e ... t>o -o. 1378 0 . 11 7 1 -0. 0378 -0. 0399 

0 4 . 6 -0. 0 1 -(). OIIG-5 0. 0~:18 0 . OOtU 0. 1168 0.00 t 6 -0. 002 9 

94 . 7 I ,., -0 025:2 0. 5690 0 . 1605 0 . 120? 0 . 0393 0.00 44 .. 
84 . 4 3 . o:i 0 019? 0.5885 O. Ot:>8 0. 1116 o.ono 0.0764 

84.0 6 . U 0 . 1 Sl.O 0 . l.301 0 . 6383 0. 1066 0. 1448 o. 1::,sa 
90.0 9 . 1 '1 o.~611 0 . 7()10 0 . ?7'!11 -0. 1128 0 . .:!1 77 0 . 2463 

83.3 J2 . 2l> 0. :,973 (). 7:;86 l , 3:207 o. 1oq1 0 . 2870 0. :J:J:?-J 

ilv s ~ l>t~IJ ( ~Uh) Wtnd Av~r~ged CD 
35.0~ 0. b9:2 

45, 00 0 . 651 
s-s. co 0 . 62~ 
t>$. co 0 . 610 
75. 00 0 , 6 01 

Pf 

01 
02 
03 
0., 
05 
06 
07 
08 

PT 

o: 
o.;i 
OJ 
o• 
O> 
O• 
o, 
08 

RVS TEST Rep t /l il•·!:'/Rv n 06.07 /033/034 

5ETP.f\ FnONT, C3 f;TANOto.RO REAR 

ATM. PAF.f.$:a tOt , ::, KP;, l(MP= 25 46 C Oeni;i,!~ .., L 104 Kg/m'J 

"" ltOO\ h a>O 7225 m ~E.'f' Av-t ,i= 0 . 00:ISE! 111:?. QC<= L 40 Kp,1 
Ett-= o. ~:no ,'1, 1 u o" 

VCL v,-.w CL 
(c,/~) ((leg) 

co CY CM CN CR 

so. 0 - 0. Ot --o. 0678 o. s;,l:, 0 . OtOS 0 . 1~02 0 .0010 -0.0069 
55. 7 - 0.0t -o. 0701 o. s , 60 0.01'1l o . .l l';'l 0.0022 -o. 004:} 
62. ~ -o. 0 t -0. C!.78 0. 5606 0. 015:.? o. 11::,7 0 . 0030 --0.00~9 
65, 5 -0.01 -0. 0665 0. 567? O, OtSl 0 . 1148 0 . 0 031 --0. 0020 
74. ~ - 0 . 01 -0. OjSJ o. 5660 0 ()144 0.11'90 o. oo:u -0,0018 eo.:; -o. OJ -o. OS:20 0.5673 0 0 159 0. 1198 <>. 00:J i - 0 . 0016 
$1. :; ••O.OJ -0. 0441 0.5630 0 . Ol04 0. l 171 0 . 0018 -0. 0022 
9 2 . 8 - o. 01 -o. 0386 0. ,t.36 0.00~7 0. 1207 0 , 0007 -o. 002? 

Du,; stic-ed(ni/h) Wit1d Avqr~~"~ CO 
:is. oo 0 , ()00 
45. 0{) 0 000 
5 5. 00 o. 00() 
l,~. 00 o. 000 
7S. 00 0. 000 

DUS lESi Rep t11-.ne/R.v1\ 0 6 0i'I036/037 

?RODVC Tt ON C3 FRONT ~i1H MIRRORS, C3 STANDARD Rt.AR 

AYM P H€SS:i 101. :} KPA Tf!MP= 27. 7f:> C Ot,nt.it(J= 1, 174 K9/m3 

"" ten9 tll=O. 7:12, ~ R~f Arc-~~ 0,083~6 o~ OC= 4 , 1.8 Kptl 

••• 1.00J"i' Mi llion 

VEL VAS CL co CY CM CN CR 
<ml~) l de Q > 

84.4 -3. 07 - 0. O~ l~ 0 . ::,507 -0. ~719 0 . 0731 -0. 0910 -0. 0602 
84. J - 1, -!°>4 - 0.0830 IJ. :>45 1 -0. !3!. l 0.0910 -0. 049!> -0. 0:386 
03. ~ -0 02 -o. 0693 0 . 54~1 0 .0078 0.0839 - 0 , 00~8 -0. 0 0 2:; 
83. A 1. 'S t -O. Oi.7b 0 . :)44l o. 1494 0.07741 0 , ()4~1 0 . 0304 
84.0 3 . 0S - 0. O:?~O 0 . ::,529 0 . -:1974 0.08:!S 0 . 09t 2 0 . 06!,0 
8 3 .8 b . 10 0.07b9 0 . 6036 0. 5833 0.0931 0.177) 0. 136B 
82.1,. 9 17 0.<0 10 0 . 6 69,. o . a920 0. 0978 0. 2538 0 . 2 107 
82.2 12 :?4 o.~q32 0 . 7279 1.~387 0.01,C?O 0. 3313 0.2927 

Ov, ~p o~O(mi/h) Wi~ d Avc~4g e d CD 
3S. 00 O.t.t.1 
4 :.. oo O. b2t 
55. 0•) 0 . 596 
65. 00 0 . :}81 
75, 00 0 . 571 

000065



M
C

I - 039918

PT 

01 
02 
03 
04 o, 
Ob 
0 7 
00 

nus 'tEsr Rep t / Tar•/Ru n 0607 /030103'9 

P ROP 2 FROUT W!YH ¢R IT, C3 ST At-lDARO REAR 

Al11 PRF.:ss~ JOI. 4 ~PA TEMP .. 2J. St C o ~nslt11• 1. 190 X9/e.3 
Re f ) c n9th • O. 12 2, ffi Ar t Area • 0 . 083,e ""2 QC• 1. 49 K p .\ 

VEL 
( m/s ) 

50. 0 
5£,. 5 
6L8 
60. 6 
n . 2 
81.0 
8 7 . ? 
9 •\. 2 

... 
YAW CL 

(deg, 

-0, 22 .. o. 044 1 
-o. 22 - 0 . 04 1D 
-0. 22 -o. 041 l 
-0. 22 - o. 0370 
- 0 . 22 -0. 0034 
-o. ~2 - 0. 0~93 
- 0. 2~ - 0 , 0 216 
-o. 22 - o. 015k 

Bu s ~P U 4 (/1'11 /h) 
35. 00 
45. 0 0 
S5. 00 
65. 00 
75. 00 

3VS TEST 

0 . 8 3 99 Mill ion 

co 

0. 3566 
0. 352 9 
O, J'174 
0 . J'172 
0 . 3 469 
0.3420 
0.344~ 
0 . 34)4 

CY CM CN 

-o. 0054 0 . 0878 • 0 . 0 0 44 
- 0 . 0049 0 . 0871 - 0. 0047 
- 0 . 0047 0 . 0840 - 0 . 004, 
- 0 . 0048 0.0833 .. o. 0045 
- o. 0066 0 , 082 6 .. o. 0050 
-o. 0087 0 . 08) $ -0. 0055 
- o. 0097 0 . 095::l -o. 0058 
-o. 014~ 0. 08.b'f - 0 . 0076 

Mind Av e r-• g e d CD 
0 . 000 
0 . 000 
0 . 0 00 
0 . 000 
0 . 000 

CR 

-o.ooea 
- 0, 008A 
- 0 , 0073 
- 0. 0068 
- 0. 0068 
• O. 0070 
-o. 0070 
-0. 0084 

Rept./ T.are / Run 0,6.0'.1/0~l/042 

PRC,? ;? FRONT WJTH OR 1r ft.'-W C:3 111AROA$ FWD, C3 S TA?lOA!W REAR 

ATM PRESS= 101 , 3 KPA lEKP• 27. 55 C Oen sit1:1= 1. 1? 3 K9/Jn3 .. , lc ngth=O. 7~25 m Ref A~••- 0 . 08358 a 2 QC• 4 . 21 Xp .> ••• 1. 388:) Ml 11 t on 

PT VEL YAW CL co CY CN CN CR ( n, / 1, ) ( d e9 > 

01 8'1 . 7 - 3 . 0 a 0. 0202 0.3816 -o. 29:;,:, 0 . 0850 -o. 091.18 -<>. 0691 o> 04. 6 -t. , 4 -0.0249 0.3798 - o . 1373 0 . 0943 - o . 0 "68 -<>. 0386 03 a,;. s -o. 0 ~ -o. 0288 0 . 3 ?69 0 . 004 7 0 . 0 7 27 - 0 . 0001 - 0 . 0 052 o• 84. 3 L 5 1 - 0 . 0!97 o . 379:; 0 . 1531 0 . 0952 0 . 0452 0 . 0 ~8 2 05 84. 6 3.05 0 . 0 280 0 ,3006 0 . 3049 0 . 0839 0 . 0 9 S8 0 . 0~:; 06 84, :} 6 . 1J 0 . 13~6 0 . -3-053 0 . 6 0 05 0 . 0 6 6 0 0 . 1940 0 . 1361 07 83. 3 ? . 18 0 . :?505 0. 434 l 0 . 9 210 0.06 90 0 . 294:, 0. 2159 08 02. 3 12.26 0. 4430 0 . 4698 1. 2 6 80 0. 0 656 0. 3889 0 , 2966 

a u$ ,Pt-td (mi/ h) Mi "6 Av t r-~ged CD 
3S. OO 0 . 4 3 4 
4 5. 00 o. 409 
s s . 00 o . 3 9 4 
65. 00 o . 397 ,,. 00 0 . 30:> 

PT 

01 
¢ ~ 
03 
0 < 
0 5 
06 
07 
08 

PT 

01 
<)? 

03 o, 
o, 
0 6 
07 
08 

r 

OUS Y£$T Rttp t / T<1tt>/Ru n 0 607 /030/040 

PAOP 2 FRO:lf ~n u en IT, C3 DlANDARO REAR 

AT/'I PRES S• 10 1, :) MPA l Et1fl oa 27, {H C O~n~lt~• 1 . 1, 0 Kg/M3 . ., l e"9 t h::O. 722S an ~ el Ar ea • 0 . 08358 m2 QC• 4 . '.'O Kp4 ••• l. 386:2 Ml 11 lo" 

VEL YAU CL co CY CM c" CR Cm/O (dt 9) 

84. b - ~ . 0 4 0 . 01 9'0 0. 3 :)34 --o. 28 :22 0.0759 -0. 0929 -0. Ot.7b 84. S - 1. 53 - o. 0190 0 . 3448 - o. 1323 0 . 0861 -0. 0470 -0, 0370 a .;. i. -o. 01 - 0 . 0 217 0 . 3414 0 . 0094 0 . 0864 0 . 0009 -0, 0026 a.:.. 1 I. 51 - 0 . 0126 0 . 3460 0. 155:} 0 . 0904 0 . 0476 o. 0290 8 4 . 6 3 . 0 5 0 . 029'9 0 , 3537 0. :303~ o. 0810 o. 0971 0 . 06:)3 8 4 , 6 6 . II 0 . !333 o. 3 615 0. 5994 0 , 0 67!) 0 . 1968 0. 1362 84, 0 9 . 19 0 . 2 6 01 o. 38-66 0 . 9108 0 . 0620 0 , 2913 0 . !2097 92, c' 12 . 26 o . ~498 0 . 5420 1. 2751 0 , 0854 o. :3817 0 . 3044 

8v , s p u d{m i/h) ~, n6 Avor~9ed CD 
35. 00 0. 422 
45. 00 0. 374 
SS. 00 0 . 365 
65. 0 0 o. 3:,9 
7 5 . 00 o . 357 

3VS TEST R•p t 1r are/Run 0607/043/044 

PROP 2 ~ON f ~ITH CR ll' ,v~o C3 N(RRORG AF'T, C3 S TANOAAO REAR 

ATH PAESS• 10 1. 3 KPA T( !1?= :27 . :25 e Densit9= 1. 174 Kg/m3 .. , l•ng t h•0. 722~ e R•' Ar•~~ 0. Os3,a m2 OC• 4 . ~3 Kpa ••• 1. 3937 Hlllton 

VEL YAU CL co CY CH CN CR {IT\/, ) (<1 e9) 

84. 8 - 3 . 08 0 . 007:, o . 3948 -0. 2040 0 . 08:JO -0. 0923 -o. 068:J 94. , .. l. :,4 .. o. 0037 0 , 3929 -o. 1367 0 . 0915 -0. 0.1169 -0, 0397 8 4 • .s - o . 0 2 - 0 .03 72 o . 3914 0 . 0 107 0 . 0933 - 0. 0005 -0. 0022 84. 5 1. :.1 - o . 0 :;!83 o. 3935 0. ltd5 0 . 0920 0 . 0443 0 , 0321 oi;.o 3 . 0 s 0 . 0 2 01 o. ~ 938 0.3093 0 . 08'26 0 . 0944 0 . 0691 84. 4 6 . I I 0 . 1249 •o. 3974 0 . 60Z8 0 . 064'9 o . 1910 0 . 1392 04. I 9 . 18 0. 2517 0. 42•J2 0 . 9127 0 . 0618 0 , 2843 o . ~12e 83. 1 1:2 2 5 0. 43'07 0. 4717 I , 2:J07 0 , 0606 o , J-808 0.292S 

Bu~ ,9to4 (~, / h ) Wind Avtr~ge6 CD 
3 S. 00 0 . -43 8 
45. 00 0. 41 5 
5 5 . 00 0.405 
6 !t 00 0 . 400 
13. 00 0 . 398 

000066



M
C

I - 039919

I 
~ 

I 

1 
j 
• 

pf 

Ol 
,p 
03 o, 
0~ 
o• 
01 
09 

PT 

01 
02 
03 
o, 
00 
06 
07 
09 

JUS lEST RC? t/l <!tre/Run 0607 10<'15/0•16 

PROP 2 FRONT ~?TH QP.lT /.NO C€TRA HiRRO~S. C3 S fANOARO RSAR 

ATM PRESS= tOl . 0 KPA 'f ( I ... P= 2? . .;c C Density= 1. l 7:.J Y.!l / o'J 

Rd lc n9th=O. 7225 m Ref A~~a= 0. 003~S m2 oc:i 4 . :'.?~ )<i:-., 

ne= L 3937 Mil U on 

V£L YAW CL co CY CM CN CR PT 

( .nh, ) ! (leg) 

as. 1 - 3 . 07 O. O~•H 0 . 4154 -0. 2:BB? 0. 1024 -0 091? -o. 070<'1 01 

84.9 - 1 . 54 ... O.OlQ~ o. 4124 -o. J.322 o. uu -0.0427 -o. 037 1 02 

Ot..6 -0, 02 .. 'J. Ol 17 0. 412:0 0 . 0129 0 . 1126 0. 005? -o. 00~?1 03 

a.-:.. f; L 51 --o.co-.~ 0 . 4154 0 . 1635 0 . 1129 0.05'10 0. 033'1 o, 
0 4 . 7 ::), OS 0. 0354 0 . 41?6 0 . 3 164 o. 103i 0. l0S3 0 . 0?:? 1 05 

Ot.. 4 6 . 11 0. 121 5 0 . 42?6 0 , 6169 0.0874 0. 2095 o . 144?. 06 

0 -3 . 1l 9, 10 0 . 2~H0 o . 4521 0 . 9288 0.0?6~ 0. 3123 o .~109 07 

83. 0 12. 26 0 . 3~27 0 . 4600 L 2653 0 . 062 1 o. ·1 1~7 0.2q63 08 

nu~ sp~e6(Qi/h ) Wind Aver~g~d CO 
35-. -00 0. 459 
4$. -00 o. ~'-3 
55. 00 o. ,134 
65. 00 0. 428 
7!>. 00 0. 425 

OUS TEST Af!p t/t ;u--it/Run Ot.07/045'/0~C 

PROP 2 FRONT WITH CRIT, REAR 1$ 

ATM PRESS= 101 . 3 KPA TEMP• 26.02 C 01m :.i ty= L ~7? Kg/m3 
Rd· lcf\9U-1=0. 12i :,; m Rd A1· t.i= 0 . 08J:'.i8 "'~ <lC= I. 60 Kp,11 

Re-= o. 8607 M-l U l <>n 

VEL YAW CL co CY CH CN CR PT 

(ml-::> {d flg) 

52.0 -0. 02 0 . l5Sl 0. 2964 0 . 0061 - 0. 0 '179 0, CObO -o. 0043 0 1 

~6. 4 - 0 . 02 0 . 1520 0 . 2989 0 . 0038 - 0. 0437 0,0067 ... 0.0051 00 

62, 4 -0. 02 0. t:'.iO'I 0. 2963 O.OO.tl2 -o. 04:i6 0.0069 ...-o. OC'1S 03 

6 7 . 0 -0. 02 0. 1502 0. 2928 0 . 0011'1 - 0.04?9 0. 0070 -o. 003? o• 
,,. 6 -0. 02 0. I::; l </ 0. 29J9 0 . 0017 -o.04a::; 0.0074 - 0 , 0040 05 

83.5 -0. 02 0 . tSOO 0. 2914 0 , 0003 .. o. 04::i:'.i 0 . 0072 -o. 0047 o• 
88, il -0 02 0 . 1561 0. 2899 -0. 0030 .. 0. O<l56 0.0064 - 0.00 M 01 

?4. ,1 -0 02 0. lS?O 0. 29 12 - 0 . 0100 .. o. 0454 0. CO:)O - 0, -0010 00 

Bu :. $Pe t d (mi/h> Win~ Ave~n9cd CO 
3~. 00 0 . 000 
-IS. 00 0. 000 
55. 0 0 0 .000 
65,00 0. 000 
1$. 00 0,000 

ous rs:sr Rep t/T~rc/Rvl'I 0607/047/046 

PROP 2 i<A:ONT wr h{ CRtT AND PAEVCS'I' MiR"ORS, C3 STANDAl?D fU:::A.q 

ATn PR£SS= !01.3 Y.PA t£t1P= 21. oa c Oensjt,,= 1. 17,; Kg/m3 

••• ltn9t~=O. 7225 m Ref Af'CG• 0 , 09350 m2 OC• ~ . ~6 X p-1 

··- 398J Ml 1 1 !on 

VEL YAW CL co CY CH CN CR 
( ~ /,;> <6 c9) 

O&. 2 -3. 07 o. 0227 o. 3 7.::S - 0 . ;:?,9!.5 O.ODSl -0. -09~3 -o. 06?1 
G•<. 8 - L 54 -o. 0240 0.3727 -o. l~t> 0.0?53 -0.04 76 - 0 . 0393 
04. 7 ~o. oi - 0. 0279 o. 3712 o. oi:n 0.0957 0.0018 - o . 0037 
g ,~. 2 L 5 ~ -o. 01 76 0, 3732 o. 1S76 o. 0969 0.0473 0 . 0~92 
134. ? '3.0~ 0. 031t. 0. '.'!763 0 . 30~1 0. 0053 0.0991 0.065:) 
04 . I 6. u: o. 1290 0, 4330 0 . 6187 0 .0837 0. 2080 0 . 1467 

9°3. 7 ?. ,e 0. 26 10 0. !i022 0 . 9359 o. 0913 0 . 2991 0 . 22S9 
82. 9 12. 20 0. 4550 0.55?8 1 . 2803 o. 0093 0. 3867 0 . 3070 

Ous ~peed <.111i /h ) WiA~ Ave ~~9ed CO 
35. 00 0. 48 4 
-u~. oo 0. 446 
55. 00 0. 422 
65. 00 0. 406 
?5. 00 0. 0?7 

9US TEST Rep t/T.ir~/Rvn Qlt07/049/951 

rROP 2 FRONT WITH CRIT, REAR 1$ 

Af M PRESS= 101. 0 KPA 'r£MP= 29. ?? C DeMH11= 1. 163 K~/m3 . ., l eng th=O. 7225 m Re f Ar-1H1= 0. 00350 11'12 <lC= 4. 20 K94 
Re= 1.0862 Mi lliol"I 

VEL YAW CL CD CV Ct< CN CR 
( m/~) < dc 9) 

es.o - 3. 04 0. 1866 0.27"33 - o . 2'179 -o. 055'1 .. o. 0?6-3 - 0 . 0649 

05.0 - i , S•~ 0. 15?* 0. 2928 - o . 14b9 - 0. 0508 ... o. 0400 -0. 0397 
OS. t - o. 02 0. 1SO? 0. 2908 ... o. 002 1 - o. 0447 0 . 0056 --o. oos:; 
85. 4 1. 51 o. 1655 0. 292 1 0, MO? -o. o4?, 0 . 0531+ 0 . 0267 
95. 7 0. 05 o. l9b0 o. 2924 0 2812 - o. 0041 o . tl23 0 . 0600 
a,. 1 6. 1 l 0 . 3040 o. 2924 o. ,s12 .. 0. 0641 0. 2-268 o. l 2 40 
a~. b 9. l i' 0.432:; 0. 3098 0. 8~63 - o. 0693 0.3342 0 . 16:;~ 
83. 4 f~. 23 0. 631.:, 0. 4573 l. 1499 -0. O•l78 0. 4400 0. 2 ?' 11 

Bu~ sp~ecl < rni /h) Win d Aver<19e.S CD 
35. 00 0 .3-li 
4S. 00 0 . oos 
55. 00 0 . 2?9 
65. 00 0 . 2?6 
75. 00 0 . 295 
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9U$ YEST R~p t/T,1 r('/Run 0607 /O:i2/05:J sus resr Rot/Ta1· c-/Ruo 0607/054/055 
PROP 2 FRONT WllM CRIT ANO C3 MIRRORS FWD, REAR 15 PROP 2 FRONT WITH CRIT ANO C3 HJRRORS {R IGHT FWO,l.(Fl' AFT), REAR IS 

Al M PRESS"" 101. 2 KPA TEMP= 28. 12 C Oensitv ~ 1. 170 K9/mJ ATM PRESS= 101 , 2 KPA TEHf>,. 25, 62 C Oe,uitv• l. 179 Kg/m:l ... l~~oth~O. 7225 ~ Re f A~o,;ic 0. 003,9 m2 OC• 4. 22 Kp~ ~et lon9t~~o . 7~25 n ne, ArC".1"' o. oo.:i,a m ;? QC• 4. 23 Kp,;i Re= I. -3863 Mil l t Qn ••• 1.4037 Xtl lton 
PT VEL YAW CL co CY CM CN CA PT VEL YAW CL co CV CM CN CR <mis> ( d•9) ( ;T\ /1,) ( deg ) 

Of 94, 9 -3. 09 0 . 1'122 0 . 3 251 -o. 275'4 - 0.046S -o. 0967 - 0 . 0652 Of 84, '} --3. 07 0 . 1949 0 , 3443 - o.2;q9 -o. 039 8 -o. 1044 -0. 06j 3 02 134, lo - 1. 54 0 . 155•1 0.3246 -o. 145'3 - o. 0436 - o. o.;14 -0. 0403 02 84, 'l - 1. 04 0 . 1566 o. 3 410 -o, 1419 -o. 038 0 -0, 0476 -o. 0380 00 131.i. 9 -0. 02 0. 1515 0 . 3233 - 0 . 0006 - o. 0397 0 , 0070 -o. 0043 03 94, :> - o. 02 0. 1520 0. 3 366 0 . 0022 -0. 0356 o. 0020 -o. 003 0 O•~ a5.o t. 51 0. 1648 0 . 3259 0 . 1$31 -o. 0410 o. 0,31 0. 02?? •• 94 . 6 1. :;1 0. U,25 0 . 3371 o. 1:)08 -0. 0364 0 ,0498 0. 0 ~ 4 05 8:i.2 3 . 05 0. (5'69 0 . 3262 o . ~e13 -o. 0472 0. 11 3 4 o. 0611 05 04.9 3 . o, 0. 1966 0 . 3375 o , 2799 -o. 0 '143 0, 1086 0. 0598 0& e,. 1 6 , 10 0.3026 0 . 3326 o.~410 - o. 0,34 0 . 2339 0. 1216 0& 84. 5 6 . 10 0 . 25'5'3 0. 3412 o. 5390 - o. 0479 0 .2~83 0. 118'1 07 8-1. S 9 , 17 0. •1270 0 . 3706 0 . 0427 .. o. 0580 0 . 3427 0 . 1979 07 83. 9 9 , 17 0 . <1232 0. 3765' 0. 8394 -o. 0531 0 . 3362 0 . 1914 08 83. 5 12 .24 0.6053 o . 39&9 L 1,43 -o. 058:J 0 . 447., 0.2608 oe 83. 5 .12. 23 0.6051 0. 4023 t. I 532 -o. 0540 0 . 4418 0 . 2660 

Bu, ~pc1d(m1,/h) Wi nd Averaged CD Bu~ iPccd(ml/h) Wi n d Avora9 e d CO 35. 00 o. 371 35. 00 0. 375' 45. 00 o. 3:>1 45. 00 0 . 360 55. 00 o, 339 $,, 00 0 . 34'? 65. 00 0 . 3-3:J 6,. co 0 . 343 7~. 00 0 . 331 75. ¢{) 0 . 3'11 

8US l'ESr Rept/l'are/Run 0607/0$6/057 DUS T£S'l' Rept/T4rc/Run 0607/0$6/0S8 

PRC? 2 F'AONT, CRJl, C3 MIAA.ORS (R J CHT fW O, LS-F'T AFT>,WHEEL FAlAINQS, REAR 15 PRO;:. 2 FRONT, ¢RIT, C3 MIRRORS <R [CHT FWD, LEFT AFl'), VERTICAL AlR OAM, REAR 1S 
ATM PRESS• 101.2 KPA l EMP= ~5. 63 C 0C"n~ i t11= 1. 160 K9/1113 ATM PR£SS= 101 . 2 KPA TEMP"' 25.64 C D~n, ity= t . 180 K9/1113 ... l~n9th~o . 7225 ~ ~ef Ar•~= 0 . 083,e m2 OC• 4 . 23 Kp ,1 .. , hngth=O. 7~25 m Ref Ar c.1~ 0. 08358 m2 QC= '1. 18 Kpa 

R•• 1, 40'l1 Nlllt on "'" l. 3943 Mi 1 Ji <1n 

PT Y£C YAW CL 
(.n/,) (jf P9) 

co CY CM CN CR PT V£L VAW CL 
<mis ) C6e11> 

co CY C" CN en 

01 84. 7 -3. 09 0 . 20&5 0.:3~67 -0.2725 -o. 0414 -o. 1097 -o. 06:i2 Of 84. S. - 3.07 0 . 0969 0 . 3~'14 -o. 240'1 - 0 . 0339 -o. 1070 -0. 0611, O? 84. I -1. 5,-; 0 . 1049 0.3341 - o. 1482 - o. 0449 -0. 0456 -o. 0 410 oa 134.2 -1. ~3 0 . 0887 0, 3 6 1 5 -o. 1127 - o . 03:)? -0. 0566 - 0 , 0325 03 84.2 - 0 . 01 0 . 1761 o. 331-5 0 . 0250 - o. 0420 - o. oo::M - o. 0019 03 84. 1 -0. 02 o. 10:u. 0.3678 0 . 00~5 - o. 0395 - o. 0011 ... 0.0011 0 4 9,-, I 1. ,2 0. 1.,21 0 . 329 1 0 . 1858 -o. 0'131 0. 03?4 0. 0348 04 84. 2 J. 51 0. 1140 0 . 3665 o . 12,1 -o. 03-42 o. o:;o? 0.024 1 05 85.0 3 . 05 0. ::t097 0 . 3162 o . ~960 - o. 042'7 0 . lOS., 0 . 0615 05 84, 3 3 , 04 o. 134J 0. 36'11 0 . 2552 -0.039, 0.10-,, 0.05'10 06 84, 9 6 . 10 0 .2861 0 . 3202 0. 5555 -o. 0342 0 . 2320 0. 1209 06 84. 3 6 . 09 0 . 2109 0 . 3934 0. 521 S - 0 . 0524 0 . 2192 o. 1 teo 07 84. 0 
"'· 17 0. 4514 0 . 3504 0. 8473 -0. 0384 0 . 3~2$ 0 . 10'77 07 83. 4 9 . 16 0 . 3118 0 .4340 0 , 8f46 - 0 . 0617 o . 3261 0 . 1841 08 83.8 12. 23 0.6489 0 . 3810 1. 170~ -0. O:i04 0 . '1~93 0 . 2601 08 82.0 t2. 22 0 . 4418 0. 455'8 t. J 43 1 -o. 0708 0.4165 0 , 2607 

Bus ~pc1d(mi / h) '-ll n d Averaged CD nu, ipuittml/h) '-'ind Avcr~oed CO 35, 00 0. 3 57 3S, 00 0 . 4 30 45. 00 0 . 339 45. 00 0 . 408 ss. 00 0 . -330 ss.oo 0 . 393 
65. 00 0. 32S 65.CO 0 . 384 75,00 0. 324 75, 00 0 . 380 
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nus TES T Rt'p \ /T,H•f'/Hvn 060)/0,r./O!i? 3V5 Tt:<:::T R,;,pt/ T.:in•/Rvn 0 607 / 0:161060 

PRC•? 2 FRONT, CRl1, c3 11JRR01m aoi::in r-wo. LF.H ,.s:r >. Fw:> Turn: rt.rnw:;s. R€f\~ ~ S PAG;) :::,. FOO~l r. cn rr. (~ ,",IRRORS (~ (Cl-If FWO, LEF'f ,·,F T> ,Rf.l\Jl VOIHE X C€ N, REA /1 15 

AfM PHESS= 101. 3 Kl) f\ T€11fl .. ~6- 112 C Df'M : ty::: ) )?'/ Ks,/m:l Aftt rns:ss- 10 1 2 'I.PA T£Hr • ?.6. 2~ C l)cnd t•1• I, !77 K9/m:'.J 

Rt'f lrn?th-0 ,~2j m ~<l, f,r ,c-0'- 0 , 09350 ..,2 OC• 4 :3?. ;,.p.- P.e t long,.n~o. 7225"' Re l' Al'r<1"" 0, 08:t~O 11'1 ::? OC= 4 ~ I Kp.:. 

Ill>~ I, .~ 1~1) Mi l I to,n "•" I '1 1~J,\ N l 11(o!\ 

Pl VEL V/,W CL Cl) CV CM Cl{ CR PT VEL Y>\W CL Cl) CV CM <;N CR 
<ml~ ) (de,9 ) (111/-.) (0~9> 

01 DS. t. - 3.0& 0 . 166? 0, 3 ,!95 -o. 2912 -0. 0329 --o. 0958 - 0.0106 o, os. o - 3 . 05 o. 1? 11 0. 35 14 -o. 27'13 - <) 0 469 -o. !0::?5 - 0.0647 

02 85. 2 .. E. S5 0 . 1S 'i'J 0.358171 - 0. 1731, --0.0364 • O. OJS I -0. 0 ~00 00 o,. -t 5~ 0 1•:86 0.3~07 -0. l52 4 -(), ()400 -0. O~·~O - 0.03?? 

0 0 05. 2 - 0.02 0. 13Jb o.3,~:u. o. 0075 w0.0319 - o. 0008 -o. 0022 00 85. I - 0, 02 0. 1405 0. 3 414 - 0 . 0()()1 -0 0387 0 0034 - 0 .0031 

M 05.3 L ,2 0. 160.:. 0 . 3 5 ,, r. 0 . 1901 -o. 03•12 0 . 0329 0.0387 o, 80 l l. 5 t 0 . 1.:)0? 0.3'l07 0 . 14!)7 -0. 0389 0 . 051~ o. 0 ::?8~ 
05 85. 6 0.05 0. 19b<- 0 . 3 •;)'6 o. 3! l 5 .. o. 0357 0.0?.110 0 . 0092 O> $:). !) 3 05 o. 1es, o . ~f43 5 0 . 2 7? 1 - o. 0411? 0 . 1086 0 . 0:)99 

06 85. t, 6. 10 0.21,0 0 . 3 388 o. 5449 - 0 . 0307 0.2261 0 . 1212 ?b 85. 3 6 . 10 0.292 .3 0 , 3 4 !)7 0 . 5 3 ::>8 -o. 0!> 19 0 . 2.JO::) 0 . 11 7 4 

0 1 8 <-" . 7 ?. 17 0. 4 ::?~5 0 . 3 777 0 . 83bS .. 0 . 0302 0.3414 0 . 1921 01 8 4 . 8 9. l 7 0 . .350 1 0 . 3010 0 . 8 350 - 0 . OS511 0 . OJ9 1 0 . 19 14 

00 ro. o 12 . 23 0 . 630::? 0 . 4t00 t . 1493 -o. 0 4 '?2 0. 4456 0.266:> OS OJ. 5 12. 23 0 . 1,00 1 0. 4 0 58 1. 14? 5 -o. 0 5b9 0. 4451 0.2650 

Bu~ ~Pt~d(mi/h) 1,,t) nd Avtf'aged CO eu,- ~?~ed<mi/hl Wi nd Aver~9ed CO 

35. 00 0. 384 35 ¢0 o. 394 
45 . 00 0 . 364 45 co o. 3'/~5 

55. CO 0 . 3 53 ss. 00 0 . 351, 

6 5. co 0 348 6 5. co 0. 340 

7 5 00 0 . 349 75. co 0 . :Mb 

nus rtsr n~,~,,~re/~vn 0601/056/0bl SUS i i SI Rc, t / Tat t / Avn 0607/062/060 

f'wOP 2 FRONT, ~R JT. C3 Nt~RORS( RJQHT FW0,LEFT AFTJ,MOD DR IP RAILS, REAR 1 S PA£VOST FRONT, CR I T, PR€VOST M;nRORS, STO DR IP RA IL$, STD REAR 

ATM PRESS= 10 1. 2 KPA i EMP= 26.31 C Dcn ~ity• I. 1?7 Kg/m3 

"" lcng\h • 0 . 1 2 2 , m R,f Ar ea= 0.083~8 m2 OC= 4. -32 Kp4 
Re= t. 41 43 Xfl lion 

AYN PA£$$= t01. 2 KPA T£~. i1 .. 26. S2 C Dc n ~i t v "' 1. 176 ),(,g / m3 
P.e f 1 engu,=o. 722S m Rcr Ar e~ ~ 0 . 083 , e ~z QCc ~.29 K p,1 

Ae= 1, 407? Milll<>n 

Pf V€L VAY CL co CV CM CN CR 
( ffl/ $ ) <de o> 

PT VE:L YA";,.J Cl CD CY CM CN en 
(et ~> <deg.> 

0 1 85, 7 - 3 .09 0. 11.:.7 0 . 3 1,92 -o. 2'°136 - 0 . 0462 w0, 1020 -o. (>'118 

02 as. a - t. :;.~ o. 1: ~,o 0 . 3 '-t.O - 0.1547 - 0,0'131 --0 . 0-177 -0.0~10 

OJ 85, t - 0.02 0. 13b:.l 0 . 3 J 78 - 0 .0010 - 0 . 0397 0.0017 -o. 003'd 

04 85. I t. :)1 0. 1¢6t 0 . 3 376 0 . 1J2:i - 0 . 0399 0. 0506 0 . 0311 

OS 85. 3 3.o::. 0. l Uc!3 0 . :J,:, : I 0 . 2993 - 0 . 04?2 o. 1077 0 . 068:;. 

0 6 a,. 4 b. 11 0 . 26'"'3 0 . :M.30 0 . 6030 - 0 , OSSt 0. 2236 0 . 1.:.::,,1 

07 8 4 . ol 9 , 1? 0. 3'1JO 0 . 3 767 o. 9&70 - 0 . 0640 0.332 1 0. 245{, 

09 8'J. 1 1.2 . 27 0 . 5500 0.3902 l , 36;?7 - 0 . 0734 0. 0:419 o. 35.~9 

0 1 85.4 - 3 . 09 -o. 0 5?.0 o. oaao -0. 2 7SO 0 . 0 190 -o. 1006 - 0 . 0 69 0 
02 85. 3 -l. ss -o. 0790 o. 30-30 -o. 1305 0 . 0289 ... 0 . OSO i - 0 . 0388 

OJ 0 5 . 3 -o. 02 - 0 . 0904 0 383'7 0 . 0 135 0 , 0 3 14 0 . 0 01?. - o. 00:36 

o• 05. 2 1. 51 --0. 0694 0 .37 9:J 0 . 1521 0 . 0272 o. 05 10 0 . 0;:?7'1 

OS 85. 1 .J. 05 - 0. 04 l 0 o. :mos 0 . 2 "121 0 . 0 1:;9 o. 102:3 0 . O&:lO 
06 (M. 8 6. 11 o.ocs? 0 . 4 1,1.,6 0 .602 1 0 . 0023 o. :,i,oo, 0 . 1 40? 
o, OJ.<i 9 . 18 0. 1694 0 . 5~!,7 0.927? 0 . 042'1 0 , ~894 o. ~2oa 
OB 8L4 1<. 2.0 0.40'?1 0 . 6836 t . 20~6 0 . 0:)?6 o.3~ie 0 . 3 1 03 

8vs i~e e d(ffiS/h) Wihd Aver~ged CD 
os. oo 0.311 
•lS. 0 0 0 . 361 
5 5 . 00 0 . 3::. 1 
6 5 . co 0 . 34;.i 
7:S.00 0 . 3t.'+ 

Bu~ '-Pt>~d< r:1illl > Wi nd Aver~gct CD 
3:), co o. 507 
.1s. oo o. 4 76 
5!>.00 0 . 447 
05. C·O 0 . 42 8 
75. 00 0 . 4U 
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DVS rEsT A•pt/T,n~/Aun 0607/064/065 3VS T£$T R, p t/hl't-/Rv n 060?/0M /066 PR6VO!JT FftONf, CR JT, SJD DRIP RAILS, STO REt,R PREVOSr FRONr, CRH, STD Oil IP n,, rl S, STO AEAA 
t.TM PRESS• lOS , 2 KPA TE.11P- 2 3 . 26 C o,nss tyc. i . 169 K9/~ ATM PR£$$= JOl . 2 KPA TEHr• 2 4 . 0S C Dcnstt~a I. 185 Kg/11'13 
. ., len9tl'l=O. 7:Z2S m Re t t,ru,,. 0 . 08:J:)8 .,,2 GC= '>, ~7 Kp <> Rtf lcngt~ MO. 12~, a n e t Arc~= o , oeo, o ft2 QC• t , 4 6 Kp.'l ••• t. 4247 Mt t t ton ... O. 83n MJ lllon 

PT VEl VAS CL CD CV CM CN CR PT Y(L YA~ CL co CV CM CN CR 
(tnh;) <de~ > 

(o/s) ( d•g} 
0 1 84.0 - 3 . 0 ? -o. 0533 0 . 3 64j - o . 2675 0 . 0151 - o . 0986 -0.0656 01 .:~. 7 - 0 . 03 - O. 1 l Y7 0. 4t4l, 0 . 0109 0. 0357 .. o . 0087 - o . 0055 
02 8 4 . 7 -1 . 53 -o. 0778 0. -3556 - o. 1237 0 . 0180 -0. 0515 -0. 0358 02 56, :) -o 03 -o. ioi., 0 , 3 6 !16 o . 0214 o . 0260 - 0 . 0010 - 0 . 0006 
03 8 4. :.; -o. o~ -o. 0069 0 . 3529 0 . 0124 0 . 0201 - o. oou - o . 002'4 03 63. 0 -0. 03 -o. 1003 0 . 3 573 0. 0224 0 . 01 9 7 -0. 0008 - o . 0007 
o• 04 . b 1. 5 1 -0, 0677 0 . 3$10 o . 1,22 0 . 0161 o . o~oo 0 . O<l84 o, 68. ! -0. 03 - o . 0960 0 . 3:):)0 0 . 0226 0 . 0205 - o. 000 1 0 .0001 
00 84. 7 3. 05 - o . 0 414 o . 364 3 0 . 296,. 0. OiOO 0 . 1004 0 .0653 OS 76.6 -o. 03 - o . 0? 12 o . 3502 0 . 0 107 0. 0:.?13 -0.0003 -O. OOJ:) 
Oo 84. 2 6. 11 0 . 041:} 0 . 43-,16 0,6006 0 . 021! 0 . 2003 0. i39? 06 82. 7 -0. 03 -0. 087'1 0 , 3 S05 0 . 0126 o . 0200 -0. 0014 -0. 0020 
07 82.0 9 . 18 0 . 175 1 o. :l290 0.9231 0 . 036) 0 . 2969 0 . 2183 07 88. 6 - O. OJ -0. 084l 0 . 3 544 0.01 22 0 . 0 221 -o, 0017 -o. 002 6 
08 60. 0 12 . ~ "1 0.411 0 o . 6 t.54 l . 2860 0 . 0260 0. 3163 0. 308~ 08 94. 0 - O. OJ - o , 0708 0. 351 7 0 .0089 0 . 0 ~ 19 -0. 0 026 - 0. 00i9 

Du!'. 'lP•-td (ml /h) Wind Aver•9 c d C-0 
Sus 1apecd (oi/~) Wind Av tr.'l9~d CO os. oo o . 313 

:JS. 00 0. 000 4 -5. 00 o . 4$0 
45.00 0. 000 ss. 00 o. 418 s,. oo 0 . 000 6 5 , 00 o . 399 
6$. 00 0 . 000 75.00 0 , 3"86 
7$. 00 0. 000 

DUS TE-ST Rep t/T-'trt/Rvn 0607 /0671068 SU$ l£ST Re-pt/ Tar~/Run 0607/007 /06'9 
PROP ff I FR.ONT, CRJT, STO OAJP RAILS, C3 STD REAR PROP ii i FRONT. ¢;tty, sro DRIP RAl~S. C3 STO REAR 
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APPENDIX 4: DATA PLOTS 

The following plots are presented in the order performed. Each yaw run is summarized 
by plots of drag coefficient, side force coefficient, and yawing moment coefficient, all versus 
yaw angle. The run designations are coded in the set of 7 numbers at the top of each plot and 
they are interpreted as a first group of four digits for the test number followed by three digits 
for the run number. Thus: 

060702 = Test 607, Run 26 
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ABSTRACT 

There are many reasons why a bicycle is 
caused to wobble by a passing vehicle, for 
example, human engineering factors, riding 
techniques, the conditions of the road, aero-
dynamic effects, etc. 

In this report, aerodynamic effects to a 
bicycle by a passing vehicle have been investi-
gated experimentally and theoretically. Experi-
ments were made by driving the 1/6-scale vehicle 
model with a catapult arrangement near the 1/6-
scale bicycle model which was at rest. 

Aerodynamic forces acting on the bicycle 
model were measured with the aerodynamic balance 
mounted under the bicycle and the flow patterns 
around the bicycle caused by the vehicle were 
examined using visualization techniques. 

To compare with the experimental results, 
numerical calculations were carried out on the 
passing motion of two bodies in an ideal fluid. 

IN JAPAN, TRAFFIC CASUALITIES INVOLVING VEHICLES 
are decreasing every year; but there are many 
casualities even now, The use of bicycles and 
small sized motorcycles have been increasing 
rapidly since the first oil crisis in 1970, and 
therefore accidents between these bicycles and 
automobiles have become a social problem, 

In this paper, aerodynamic effects to a 
bicycle caused by a passing vehicle on a narrow 
road have been investigated, This study includes 
two kinds of experiments, and a fundamental 
analysis, One experiment was to measure force 
acting on the bicycle model, the other was to 
observe the flow around a bicycle model or a 
circular cylinder symbolizing a bicycle using 
visualization techniques. The fundamental 
analysis was carried out using the method of 
image doublets and the finit element method. 
It was very difficult to analysis numerically 
this problem in actual fluid, so that we studied 
the problem using two circular cylinders in 
ideal fluid, 

EXPERIMENT 

EXPERIMENTAL APPARATUS - When a vehicle 
passed near a bicycle the experimental apparatus 
which was developed in order to investigate 
aerodynamic effects is shown in Fig.i. 

This apparatus consists of a track, a 
carriage and a catapult, The track was 36meters  

long by 0.11 meters wide. On this track, the 
vehicle (1/6-scale model) or the cylinder 
symbolizing a vehicle mounted on a carriage was 
catapulted using an elastic shock cord. After 
the carriage had passed through the test section, 
it was decelerated by a braking assembly. 

Fig.1-Overall system layout 

MEASUREMENT OF AERODYNAMIC FORCE ACTING ON 
BICYCLE MODEL - When a vehicle passes near a 
bicycle at velocity V, aerodynamic force F acts 
on the bicycle, This force F varies in value 
at every moment with the advancing of the vehicle. 

Fig.2 shows the coordinate system. 

Fig.2-Coordinate system 
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The origin of coordinates is chosen as the 
middle point on the ground between the front and 
rear wheel of the bicycle. The components of 

aerodynamic force F were measured by an 
aerodynamic balance mounted under the 1/6-scale 
bicycle model. The components of force F are 
Fx, Fy and Fz in x-, y- and z-direction, 
respectively. In this experiment, only the 
component Fy was measured because it appeared 
that the bicycle was caused to wobble by it. 
Aerodynamic coefficient Cy of Fy is given as 
following, 

Cy=Fy/-
1 
 pV
2 
 S 

2 
where p is density of fluid, and S is the 
projected area of the bicycle and the rider 
on x-z plane. Fig.3 and Fig.4 show. the 1/6-
scale model used in the experiment. 

Fig.3- 1/6-scale vehicle model 

Fig.4- 1/6,scale bicycle model 

X 

Fig.5-Skeleton of aerodynamic balance system 

The skeleton of the aerodynamic balance 
is shows in Fig.5. 

Fig.6 shows a sample of the data obtained 
by measuring force Fy, 

, 	> 

' 	• '..POSITIVE TIME 

• 

TIMING TRACE 
Fig.6 -Force Fy, and timing trace 

The first peak of force Fy occurs just as 
the front of the vehicle is even with the rear 
wheel of the bicycle and the negative value 
indicates that the force is in a direction away 
from the vehicle. The second peak occurs when 
the vehicle is approximately even with front of 
the bicycle, and the positive value tends to pull 
the bicycle toward the vehicle. 

02 
Cy 
 

0.1 

-1 0 

-02 
Fig.7-Cy variation 

The instant when the front of vehicle is 
even with the center of the bicycle is chosen 
as the origin of time (t0), and L is the overall 
length of the bicycle, 

Fig.8 shows the Reynolds number effect on 
the force coefficient. Where ho is the distance 
between the bicycle and the vehicle,and Reynolds 
number Re is as following, 

Re-ATZ/v 	 (2) 

Vvelocity of vehicle 
X=overall length of vehicle 
V7kinematic viscosity, 

As seen from Fig.8, the Reynolds number 
effect on 	force coefficient Cy was small 
except ho=66mm, for Re=1,5x105%3.5x105. 

Fig.9 shows the reletion of the second 
peak value of aerodynamic coeffiCient Cy to 
distance,ho. The change in the second peak value 
of Cy is nearly linear with distance ho. 

(1) 

896 cm 
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Fig.8 - Reynolds number effect on second peak 
value of Cy, 
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OBSERVATION OF THE FLOW USING THE 
VISUALIZATION TECHNIQUE - Fig.10 shows the 
arragement of the apparatus to observe the flow 
around the two cylinders. A moving large 
cylinder passed by a stationary small cylinder 
from right to left. A slender pipe was stuck 
in any position around the small cylinder, 
Smoke produced by combustion of yellow phosphor 
was pushed out through this pipe, as soon as 
the large cylinder approached it. This experi-
ment was carried out many times at each position 
of the pipe to observe the flow patterns using a 
V,T.R. Fig.11 shows the flow patterns around the 
small cylinder. In Fig.11, the instant when 
the center of the moving large cylinder is even 
with the center of the stationary small cylinder 
is.chosen as the origin of time (t=0) and 2b is 
the diameter of the small circular cylinder. 

The overall flow turns clock-wise around 
the small cylinder and the smoke direction at  

Fig.11 - Flow pattern around the stationary 
small cylinder 

0.4 

0.3 

0.2 

0.1 
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each position change as the passing of the 
large cylinder progresses. After the large 
cylinder passed by, the smoke direction is 
pulled in the direction of the large cylinder. 
And the positions marked with as asterisk (*) 
seem to be stagnation points. 

Fig.l2 shows the flow patterns around the 
bicycle. The experiment was carried out in 
much the same way as that of Fig.10. The origin 
of time (t=0) is chosen as the point when the 
front of the vehicle is even with the center 
of the bicycle and L is the overall length of 
the bicycle. 

Fig.12 7.,  Flow patterns around the bicycle 

Smoke are pushed out as the vehicle app-
roaches (see Fig.12-a). When the middle of 
the vehicle come to the center of the bicycle, 
the smoke between the vehicle and the bicycle 
is pallarel to the direction of progress. The 
smoke on the far side of the bicycle is moving 
in the opposite direction (see Fig,12-d). The 
direction of the smoke changes rapidly, during 
a minute time in which the front of the vehicle 
passed by the center of bicycle and then when 
the middle of the vehicle passed by it (see 

NUMERICAL ANALYSIS 

METHOD OF IMAGE DOUBLETS - Consider the 
case where circular cylinder A (of radius a) 
pass by circular cylinder B (of radius b) 
with velocity 7 pallarel to the x-axis in ideal 
fluid at rest. The instant when the two cylin,-
der come closest is chosen as the origin of time 
(t=0) and the middle point of cylinder A snd B 
at t*0 is taken as the origin of the coordinate 
system. Let 2k be the closest distance between  

the center of cylinder at t=0. Fig.13 shows the 
coordinate system 

Fig.13 - Notation diagram for passing motion 
of two circular cylinders in an ideal fluid 

The velocity potential around the two 
cylinders in ideal fluid is determined using 
the method of image doublets. Consequently, 
the expression for the velocity potential to 
the fifth approximation is as following, 

0=01+02+08+04+0s+ 	 (3) 
Va2( x  

551-(x --x1)2+(Y -- Y1)2  
x 1=-Vt, YI=.k. el=0, vv=--k. 	 (4) 

fit-- 	  x(X -E2)COS2rt( Y )72)ain2r 

I  

	

(Xl-e t I-11)2 	(x--62)2+(9-v2)2 
X2= -Vt VIS):2:2bY( 22 = k -2 k 
e2=-Vta', 712 = k +2 k 

b 2/(V2t2  +4 k 2). P= a 2/(V 2t2+4k 2)P 

r=tatri( -2 k 	 (5) 

#3—C(xt—el)2 +(b 1-/1)2Da X 2 - 2)2  (It 1-&)2  

(X .- ZS)  
x (x-X3)2 +(b -y3)2  

X 3 = 	+ (--)letr 	k k 38: 

1-8'
An. 	2k 6O

'  . va= , 
1- 

Va4b4  
°4-  axi-et)2+(lti-/i)2X(xi-e2)2+(If1-712)9 

xael-  x a)2 	11 3) 2) 

(x -i4)cos2r ( ft -v4)sin2r 

Va4b2  

(6) 

x 
(x-4)2+0-724)2 

x4= 	Vt+  (1-8')P   Vt 1-25' 

Its=kil 	2 (1* -a')a*  
1-28' 

(1-5')IVVt, %4 	1-24' 
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(7) 
	 n=1, 2, 3, 4, 5 

m=2.75, 3.0, 4.0, 4.5, 5,0 
The pressure distribution on the stationary 
cylinder B for n=4.0, m=3.5 are shown in 
hig.14. 

45.  90' 135.  150' 

(ie 3,5- 	2!0* 	225 	ISO' 

----------- 

(8)  
no' 

0' 

T .  

1.os — 	—180. 
18e-360.  

5 
----------- _______ 

-1.0 

s. - 2 

(9)  

OO  

(10)  
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v4= k - 1 +24'  (1-3')  1-28' 

Vaob4  
563—ax —Et) a+( Y1-11)2X( x t — v2)2  ( Y — v2)2) 

x((1. — x 3)2+ (vt—Yo)a)x (xl—W 2 +(Y : —v4) 2  
x 	(x  

(x —$5)2 + ( --725)2  

z5=-Vt+  (1-24')r   Vt, 
(1-3d' + S' 2) 

Y s = k 1 - 2 0.(1-342,64766:2)},  

Es-  -  (1-25/W Vt, 
(1-35'+8'2) 

$i5= k {- 1 + 2  (1  
(1-3o +312 J • 

The x- and y-components of velocity are 
given as 

1.1.U1+112+U3+1144-1154- 
U=1101.12-4-1131-114+U5+ 

where the resultant  velocity is obtained as 
q=4112+v2 	 (11) 

and the pressure coefficient on cylinder B is 
obtained from the generlized Bernoulli's 
equation, 

cp _ P-Po__  0/vv2_1I 
ipV2 	at 	V2  

where, 
P=pressure on cylinder B 
Po=pressure at infinity 
p=density of fluid, 
Force component Fx, Fy acting on cylinder 

B is given as follows: 

Fy=-hPbcos8d0, 	
(13) 

Fr= -fBFbsinede. 

Furthermore, Fx, Fy are given by the following 
expression: 

Fy=CypV2S/2, 

Fy =CypV2S/2 

	 I (14) 

Where S is the cross section area of cylinder 
B and Cx, Cy are the force coefficients in the 
x- and y-direction, respectively. Let S=2b.1, 
and therefore 

C5= -155Cpcos8d0, 

Cy=-If 

	
I (15) 

To rewrite the equations in dimensionless from, 
we define dimensionless quantities, 

K 	a 	Vt = m, 	= n, 	= S 	
(16) 

2m-n-1 = h, 

and any point (x,y) on cylinder B are expressed 
in the dimensionless form 

= cos% X 	 (17) 

Example - Numerical calculations were carried 
out for the following cases: 

(12) 

0-2 

5.1 

S.0 

-0.5 

Fig.14 - Pressure distribution on cylinder B 
for n=4.0, m=3.5 

The time history of force coefficients 
acting on cylinder B' for n=4.0,m=3.5 are 
indicated in Fig.15. 

Cx Cy 
10 

Fig,15 - Force coefficients variation for 
n=4.0, m=3.5 
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Fig.18 - Relationship between Cy to h 
for various n 
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Fig.16 and Fig.17 show the time history 
of the force coefficients in the x- and y-
direction acting on cylinder B for n=4.0 in 
the case of m=2,75, 3.0, 4.5, 5.0, respectively. 
Fig.18 shows the relationship between the 
maximum positive value of force coefficient 
Cy to h. Where h is the dimensionless distance 
between two circular cylinders. 

The negative value of force coefficient 
Cy occurs up to approximately s=Vt/2b=-2 and 
the negative value indicates that the force 
is in a direction away from cylinder A. The 
positive value of Cy is at a maximum when the 
two cylinders come closest and the positive 
value force tends to pull the cylinder B toward 
the cylinder A. The maximum positive force 
increses markedly with the decreasing in 
distance between cylinder B and cylinder A. 

Fig.16 - Cx variation for n=4.0 

Cy 

Fig.17 - Cy variation for n=4.0 

C.) 

FINITE ELEMENT METHOD - Potential flow to two 
circular cylinders is obtained by finding the 
solution to Laplace's equation 

Xa
a

y 

2 
+ 	 - 0, 

subject to boundary conditions 

do q on 'moving cylinder 

do= 0 on stationary cylinder, 

7 - 

The variational solution to this problem is the 
function which 'minimizes the functional 

	

x -J
/' 2  
D -f[( x) 	( 37)]dD -4. q*dS. 	(21)  

Where D is a domain and S is the boundary of D. 
The region D+S is divided into triangular 
elements, Let there be m nodal point in the 
entire region of D+S. From the minimization 
of the functional is derived the following 
matrix equation 

(22) Mi0=IF1. 

Where [K] is the global stiffness matrix whose 
elements are functions of the nodal coordinates, 
10 is the Cm 1) column matrix whose elements 

	

are unknown *1, *2, 	 11) 	{F} is the global 
force vector which is determined by the pres-
cribed boundary conditions. 

In Fig.19 are shown the streamlines which 
were obtained from velocity potential calculated 
using the finite element mathod proposed by 
G.de Nries and D.H,Norrie. 

(18) 

I 
(19) 

where IP is the stream function, anddn  is normal 
. 

'velocity to the surface of the =lung cylinder. 
The 	and y-components of 'velocity are given as 

u  - 
8y 

- 	
1 (20) 
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Fig.19 - Stremline pattern around two 
circular cylinders 

The extention of the method to arbitrary 
bodies is under investigation. 

CONCLUSIONS 

From the results obtained from experiments 
and numerical calculations, the following 
conclusions were obtained: 

1. The force acting on stationary body 
(bicycle) in a direction away from the moving 
body (vehicle) occurs for the first time as 
the passing begins. 

2. The force which pulls the stationary 
body (bicycle) toward the moving body (vehicle) 
is at a maximum when the two bodies come closest. 

3. The maximum pulling force increases 
markedly with the decreasing of the distance 
between the two bodies (bicycle and vehicle). 

4, Because effects due to the viscosity 
are neglected in numerical analysis, the results 
of the numerical analysis after the instant 
when the pulling force occurs, do not agree 
with the experimental results. 

5. The research on arbitrary bodies 
remains to be proved in numerical analysis. 
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Case Number: A-17-755977-C
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EIGHTH JUDICIAL DISTRICT COURT 

CLARK COUNTY, NEV ADA 

KEON KHIABANI and ARIA KHIABANI,) 
6 minors, by and through their Guardian, ) 

MARIE-CLAUDE RIGAUD; SIAMAK ) 
7 BARIN, as Executor of the Estate ofKayvan) 

Khiabani, M.D. (Decedent), the Estate of ) 
8 Kayvan Khiabani, M.D. (Decedent); ) 

SIAMAK BARIN, as Executor of the Estate) 
9 ofKatayoun Barin, DDS (Decedent); and ) 

the Estate of Katayoun Barin, DDS ) 
10 (Decedent); ) 

11 

12 vs. 

Plaintiffs, 
) 
) 
) 
) 
) 

13 MOTOR COACH INDUSTRIES, INC., ) 
MICHELANGELO EXPRESS; EDWARD ) 

14 HUBBARD; BELL SPORTS, INC. d/b/a ) 
GIRO SPORT DESIGN; and SEVENPLUS) 

15 BICYCLES, INC. d/b/a PRO CYCLERY ) 

16 

17 

Defendant( s ). 
) 
) ___________ ) 

ORDER 

CASENO.: A-17-755977-C 
DEPT. NO.: XIV 

18 

19 Defendant's objection to Special Master's Order Staying Post-Trial Discovery 

20 Including May 2, 2018 Depositions and alternatively Motion for Limited Post-Trial Discovery 

21 came on for a hearing before Department XIV of the Eighth Judicial District Court, the 

22 Honorable Adriana Escobar presiding, on May 4, 2018. After considering the pleadings and 

23 argument of counsel, the Court OVERRULES the objection, and DENIES the alternative 

24 motion, according to the following: 

25 First, Defendant objects to the decision of the special master staying discovery. 

26 Special Master Hale was correct in observing that no post-trial motions had been filed, and 

27 this Court had not authorized any post-trial discovery, thus the conclusion that the scheduled 

ADRIANA ESCOBAR 
DISTRICT JUDGE 

DEPARTMENT XIV 
LAS VEGAS, NEV ADA 89 I 55 
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deposition should not go forward was correct, regardless of whether Pl~ntiffs had standing to 

2 object on behalf of the deponent. Parties are not allowed to continue discovery beyond the 

3 close of discovery, much less after a judgment has been entered, without leave of court. 

4 Defendant's objection is therefore OVERRULED. 

5 Defendant in the alternative has requested leave to conduct limited post-trial discovery 

6 in the form of a subpoena for Dr. Khiabani's employment records. No clear standard is 

7 articulated in the NRCP or Nevada case law for determining when post-trial discovery should 

8 be allowed. However, Defendant's motion admits that the request for post-trial discovery is 

9 intrinsically linked to NRCP 59's allowance for a motion for new trial based upon "newly 

10 discovered evidence," and argues that the parties must be allowed to discover any such new 

11 evidence. Therefore, the standard for a motion for new trial based on newly discovered 

12 evidence is relevant to the Court's determination here of whether post-trial discovery should 

13. be allowed. This approach is supported by Defendant's proffered case law on the subject, 

14' specifically In re Wyatt, Inc., 168 B.R. 520,524 (Bankr. D. Conn. 1994). 

15 Defendant is not, at this moment, arguing the validity of the verdict based on the 

16 evidence presented or the Court's legal rulings, but rather arguing that the jury did not hear 

17 vitally relevant evidence that could have resulted in a different verdict. The Court is required 

18 to follow the law, and due to the importance of finality in litigation, the law provides very 

19 narrow exceptions to the rule that judgments are to be final, and that jury verdicts are to be 

20 given great respect. A jury's role as the finder of fact is the cornerstone of our justice system, 

21 and thus it is no simple feat to persuade this Court that the jury's verdict was unjust. 

22 A new trial based on new evidence is only feasible if the party's "substantial rights" 

23 were materially affected due to the discovery of evidence "which the party could not, with 

24 reasonable diligence, have discovered and produced at the trial." This requirement implicitly 

25 supports the policy of finality of judgments and respect for the value of a jury's time and 

26 effort. It bears noting that this trial lasted for six weeks including jury selection, and thus 

27 constituted a considerable hardship on the jurors and necessarily required a large amount of 

ADRIANA ESCOBAR 
DISTRICT JUDGE 

DEPARTMENT XIV 
LAS VEGAS, NEVADA 891S5 

2 
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1 resources of the parties and the court system. In reverence for these policy considerations, a 

2 court will not discard a jury verdict when the requesting party's own lack of diligence caused 

3 the alleged injustice. Similarly, this Court will not allow post-trial discovery to seek out facts 

4 which could have, with reasonable diligence, been discovered before trial. 

5 The facts Defendant now seeks to discover are surprising and the Court would not 

6 expect a reasonably diligent party to specifically ask for this information-in other words, to 

7 ask whether Dr. Khiabani had been accused of billing errors, compliance issues, or medicare 

8 fraud, or whether Dr. Khiabani had been informed he was going to be terminated. However, 

9 under the NRCP 59 standard, the question is not whether Defendant had asked for this 

10 specific information that it now seeks, but rather whether Defendant could have uncovered 

11 these facts in the course of reasonably diligent discovery. Thus, the issue for the Court would 

12 be whether reasonably diligent discovery could have led to disclosure of the sought after 

13: information, and whether Defendant failed to conduct this reasonably diligent discovery. 

It is beyond question that, from the inception of this case, Dr. Khiabani's future 

15 income was clearly going to be a material issue for trial. A plaintiffs damages in a wrongful 

16 death action are made up of, primarily, emotional damages and damages consisting of lost 

17 support from the decedent. The particular facts of this case certainly highlight the importance 

18 of lost support as a measure of the Plaintiffs' damages, as the decedent happened to be an 

19 extremely well-payed individual who still had numerous years ahead of him before retirement. 

20 Thus, the Plaintiffs' damages depended largely on the estimation of Dr. Khiabani's lost 

21 income after his death. Indeed, the parties spent considerable effort obtaining expert opinions 

22 on how long Dr. Khiabani would have likely provided monetary support to his family, what 

23 his economic situation would have been in future years, and what portion of his income would 

24 have been available to his family. 

25 Knowing that Dr. Khiabani's current and future economic well-being would be a vital 

26 aspect for litigation, it would be reasonably diligent to pursue discovery of every fact that 

27 would enable the parties to accurately predict what the Plaintiffs' actual loss of support would 

ADRIANA ESCOBAR 
DISTRICT JUDGE 

DEPARTMENT XIV 
LAS VEGAS, NEVADA 89155 
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be. This would include, at least, seeking to determine the specific terms of Dr. Khiabani's 

2 employment contract, how long the contract was going to remain in effect had Dr. Khiabani 

3 not passed away, whether the contract would have been renewed, and whether this salary or 

4 benefits would be likely to change over the remainder of his foreseeable employment. 

5 Further, any inquiry into these basic facts sought from Dr. Khiabani's employer could have, 

6 and most certainly would have, produced either the very information Defendant now seeks, or 

7 a more general response that would be sufficient to spur the Defendant to investigate the 

8 issue, such as a response that Dr. Khiabani's contract would not have been renewed. 1 

9 However, Defendant here evidently did not pursue any discovery on this topic. The 

1 o sole discovery request Defendant cites to as evidence of due diligence2 is interrogatory 

11 number 17 to Dr. Barin, which requests the reasons Dr. Khiabani's employment was 

12 terminated by any former employers over the last ten years. Defendant's motion 

13 acknowledges that Plaintiffs may not have known about the information which has been 

14 recently reported on, and moreover the interrogatory is only incidentally related to this 

15 information-it does not show an effort to obtain information relating to the details or extent 

16 of Dr. Khiabani's future employment. Dr. Barin was not likely to know the details of the 

17 internal audit, nor even that Dr. Khiabani was told the day before he died that he was being 

18 terminated, and no discovery will ever be able to confirm Dr. Barin's knowledge due to her 

19 untimely death. Regardless, this single interrogatory does not constitute diligence into this 

20 area, as there was evidently no discovery propounded to Dr. Khiabani's employer, who would 

21 

22 
1 The other possible outcome would be an untruthful response from the employer, which the Court addresses 
below. 

23 2 Although not included in the motion, Defendant's counsel mentioned at the hearing that a subpoena was sent to 

24 the Board of Medical Examiners, presumably in the pursuit of any information pertaining to medical malpractice 
allegations against Dr. Khiabani. The Board would not have any information on Dr. Khiabani's employment 
status or any awareness of the issues presented by the media because that information was beyond the scope of 

25 the Board's involvement with the daily life of a physician and moreover, as the Defendant asserts, was held in 
confidence by the employer. Further, the very emails Defendant relies on in this motion show that the 

26 individuals who were aware of the alleged misdeeds by Dr. Khiabani had not informed the Board. Because a 
subpoena to the Board is not an effort to discover the details of Dr. Khiabani's future employment, this effort 

27 does not change the Court's analysis ofreasonable diligence here. 
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1 be the only party likely to have relevant information on Dr. Khiabani's future employment. 

2 Additionally, Defendant is now seeking post-judgment discovery on Dr. Khiabani's non-

3 confidential employment records. Even if the information Defendant now seeks would have 

4 been considered confidential at the time and Dr. Khiabani's employer would have thus 

5 resisted disclosing this information, the fact remains that Defendant did not attempt to get the 

6 information. Further, confidentiality concerns could have been addressed by motions to 

7 compel and/or stipulated protective orders. To argue that this information could not have 

8 been discovered even with reasonable diligence requires an assumption that the employer 

9 would not have given the requested information and that the Court could not have provided 

10 relief to the Defendant in such a case. 

11 While the above is sufficient for the Court to find a lack of diligence, the conclusion is 

12 supported by the fact that Plaintiffs provided to Defendant an authorization to obtain Dr. 

13 Khiabani's employment records on July 26, 2017, but evidently Defendant never followed 

14 through on actually requesting the very information that it now seeks to obtain. Moreover, 

15 Defendant evidently has no explanation for why this information was not actually sought after 

16 the authorization was given. 

17 If the Court were to allow this post-trial discovery, the sole scenario in which the 

18 Court may be persuaded to grant a new trial based on the "new" information Defendant now 

19 seeks would be if the Defendant had asked Dr. Khiabani's employer for information on his 

20 employment records, and had received untruthful responses. In such a case, reasonable 

21 diligence would not require any additional pursuit of the subject. However, Defendant has 

22 made no allegation that it asked Dr. Khiabani's employer anything, that Plaintiffs were aware 

23 of the confidential information that has now been revealed, nor any allegation (much less 

24 evidence) that any party withheld information in response to such a discovery request. 

25 Without at least some evidence of such deceit, the Court will not permit Defendant to now 

26 seek information that it should have asked for during discovery. See, e.g. Jones v. lllinois 

27 
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Central Railroad Co., 617 F.3d 843 (6th Cir. 2010) (holding that a district court may require a 

2 party to show some evidence of the deceit which the party seeks post-trial discovery to prove). 

3 Finally, the Court disagrees with Defendant's insinuation that its dis~overy efforts 

4 were diligent in light of the expedited discovery schedule in this case. Defendant was 

5 represented by a veritable army of gifted and seasoned attorneys, including several attorneys 

6 admitted to practice on a pro hac vice basis, and Defendant was able to complete extensive 

7 discovery on every other aspect of the case. There is no explanation for why such a strong 

8 legal team did not try to discern an accurate picture of Dr. Khiabani's future income, which 

9 was a critical factual issue in this case, even when the Defendant hired economists specifically 

10 to try to predict Dr. Khiabani's economic future. 

11 The Court does not disagree that, without the requested discovery, Defendant would 

12 have a much harder time justifying a new trial based only on the information presented in the 

13 media reports. Further, Plaintiffs do not dispute that the new information would at least be 

14 relevant to the case. However, even were this discovery allowed, the Court would not grant a 

15 motion for new trial based on "newly discovered evidence," because Defendant could have, 

16 with reasonable diligence, unearthed this evidence during the pendency of discovery. 

17 Therefore, the Court DENIES Defendant's request for post-trial discovery. Further, the 

18 subpoena issued by the Defendant for the custodian of records ofNSHE is QUASHED. 

19 

20 

21 
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CERTIFICATE OF SERVICE 
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D. Lee Roberts, Jr., Esq. 
Howard J. Russell, Esq. 
David A. Dial, Esq. 
Marisa Rodriguez, Esq. 
WEINBERG WHEELER 
HUDGINS GUNN & DIAL LLC 
Facsimile: (702) 938-3864 
Email: lroberts@wwhgd.com 

AND: 

hrussell@wwhgd.com 
ddial@wwhgd.com 
mrodriguez@wwhgd.com 

Darrell L. Barger, Esq. 
Michael G. Terry, Esq. 
John C. Dacus, Esq. 
Brian Rawson, Esq. 
HARTLINE DACUS BARGER 
DREYERLLP 
Email: dbarger@hdbdlaw.com 

mterry@hdbdlaw.com 
jdacus@hdbdlaw.com 

brawson@hdbdlaw.com 
Attorneys for Defendant Motor Coach Industries, 
Inc. 

Will Kemp, Esq. 
Eric Pepperman, Esq. 
KEMPJONES&COUTHARDLLP 
Email: e.pepperman@kempjones.com 

AND: 
Peter S. Christiansen, Esq. 
Kendelee L. Works, Esq. 
CHRISTIANSEN LAW OFFICES 
Email: pete@christiansenlaw.com 

kworks@christiansenlaw.com 
Attorneys for Plaintiff 

Keith Gibson, Esq. 
James C. Ughetta, Esq. 
LITTLETON JOYCE UGHETTA PARK & 
KELLYLLP 
Email: Keith.Gibson@littletonjoyce.com 

James.CTghetta@LittletonJoyce.com 
Attorneys for Defendant Bell Sports, Inc. 
d/bla Giro Sport Design 
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Michael E. Stoberski, Esq. 
Joslyn Shapiro, Esq. 
OLSON CANNON GORMLEY ANGULO & 
STOBERSKI 
Email: mstoberski@ocgas.com 

jshapiro@ocgas.com 

AND: 
C. Scott Toomey, Esq. 
LITTLETON JOYCE UGHETTA PARK & 
KELLYLLP 
Email: Scott. Toomey@littletonjoyce.com 
Attorneys for Defendant Bell Sports, Inc. d/bla 
Giro Sport Design 

Eric 0. Freeman, Esq. 
SELMAN BREITMAN LLP 
Email: efreeman@selmanlaw.com 
Attorney for Defendants Michelangelo Leasing 
Inc. d/b/a Ryan's Express & Edward Hubbard 

Michael J. Nunez, Esq. 
MURCHISON & CUMMING, LLP 
Email: mnuez@murchisonlaw.com 
Attorney for Defendant SevenPlus Bicycles, Inc. 
d/b/a Pro Cyclery 

Paul E. Stephan, Esq. 
Jerry C. Popovich, Esq. 
William J. Mall, Esq. 
SELMAN BREITMAN LLP 
Email: pstephan@selmanlaw.com 

jpopovich@selmanlaw.com 
wmall@selmanlaw.com 

Attorneys for Defendants Michelangelo Leasing 
Inc. d/b/a Ryan's Express and Edward Hubbard 

Daniel F. Polsenberg, Esq. 
Joel D. Henriod, Esq. 
LEWIS ROCA ROTHGERBER CHRISTIE LLP 
Email: DPolsenberg@LRRC.com 
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