SPC 307 - Aerodynamics
Sheet 3 - Solution

Lift and Drag

1. The aerodynamic drag on a car depends on the “shape” of the car. For
example, the car shown in Fig. P9.39 has a drag coefficient of 0.35 with
the windows and roof closed. With the windows and roof open, the
drag coefficient increases to 0.45. With the windows and roof open, at
what speed is the amount of power needed to overcome aerodynamic
drag the same as it is at 65 mph with the windows and roof closed?
Assume the frontal area remains the same. Recall that power is force
times velocity.

Windows and roof Windows open; roof
closed: Cp, = 0.35 open: Cp, =0.45
Fower = P=F-V
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2. Two A baseball is thrown by a pitcher at 95 mph through standard
air. The diameter of the baseball is 2.82 in. Estimate the drag force
on the baseball.

Left to the student.

3. If the drag on one side of a flat plate parallel to the upstream flow
is D when the upstream velocity is U, what will the drag be when
the upstream velocity is 2U; or U/2? Assume laminar flow.

‘ 2 /328
For laminar flow oﬂf—‘j{*pU Cﬂ; A , where 5‘9{ = =
T/?U,S‘, ){_ s 1."“.3;”"‘
=4 py* *F'B_"‘E__Z = (0.66% DAL U’é ~ U@f’z
J=zf VUl A e 1

= or o, = 28347
Jyy  (2U)* = =
and 5,
Ly v ’*9/ or o, =0.3540),
dﬁvfz ('g) .
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4. Water flows past a triangular flat plate oriented parallel to the free
stream as shown in Fig. P9.47. Integrate the wall shear stress over
the plate to determine the friction drag on one side of the plate.
Assume laminar boundary layer flow.

U=0.2 mfs
—- ] (0 m

L= (T dh whers T, = 032U % P/“
Tﬁus

ol = 03329 V—'( A

X=0.5 y=0.5-X

= 03327 ‘VP_,u (2)’( J E%_.;"‘

X0 y=o

03320 V—{z}f 0.5 -x dx
0.5

=0332T 'il/_;& (2)[0 sxt - 3’:-; J

3 - EY
= 0.66%(0.2F) 1{??_?7‘;% (l.fzx}asﬂ’%)[ Vo.5 - (0.5)" ]

or
bﬂ = [0 DZ?J)V
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5. A ceiling fan consists of five blades of 0.80-m length and 0.10-m
width which rotate at 100 rpm. Estimate the torque needed to
overcome the friction on the blades if they act as flat plates.

Let dM= torquetomthe drag on element y

o dA of the blade w‘ v . i_a‘.
M= (L Dpen)y=2(k00C My [ — e
where ” ~@y ard w=l mn( 505 )( t df l
L=08m

orw =047 £

The maximom Re, will occor af point (I) where y=L or

- gzl = wAI _ (1047 5 (0.8m) (0-Im)  _ 16"
Rey, THEXITS B S.75X.

T/wa, a/[ po,,fa an the blade Re, <Rc,, = 5x10° and fhe flow is laminar,
.32 /sza ¥
J Rey V vt
50 fba# from Eg.U)
am= pUz—"avv%Jz (£dy)y = /.nsplf*‘ﬁ')’ya’y , bt with U=wy

= 1328 0™t VT i dy o B
=/1.328 (123 5) (1047 G}‘)"k /.wx/a"‘-g)(o.m)]k y by

or
M = 0.0669 y& a’, Nm whers y~m
Thes, the net forque on the Four blades is 0.8
M-Sfdﬂ - 5!0.’;“9 yﬂi,}, = 5(0.06”)(—7%-) y“'
y=0 0
or

M= 0.0438 N-m
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6. A thin smooth sign is attached to the side of a truck as is indicated
in Fig. Estimate the friction drag on the sign when the truck is
driven at 55 mph.

5ft 20 ft

Left to the student.
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7. Ahot-air balloon roughly spherical in shape has a volume of 70,000
ft3 and a weight of 500 Ib (including passengers, basket, balloon
fabric, etc.). If the outside air temperature is 80 °F and the
temperature within the balloon is 165 °F, estimate the rate at
which it will rise under steady-state conditions if the atmospheric
pressure is 14.7 psi.

For steady rise = =0, or Fg=W+d}

where
& =drag =CD£€U2-;—T-D2
F. = bvoyant force = &V

W fotal we;;/;f s00/b+Y, ¥

Now p= RT (f';"::_}"s,i%ﬂ(_‘;’(i%g: 56)°R = O, 00229-%’:?
" I=p3 = (o oozz?—éﬁ‘)(azzf-i) 0.0736 i,
%= Tfﬁét' (l#?;ré”)u{;z Y2 (32.2 _5:) 0.0636 | H“
in (1715 50y ) (#60°+165) A M>fe Since the balloen is
T/ws with ¥ = 7x10'f*= 552(_) ;ﬁzﬂﬁ ﬁﬁlﬁ;ﬁ% ﬁi/;fwn
or D= 511 ft we obtain ;;fg?;/y the same as it is

= Cy7(0.00229)U I (511 )*
= 2-36_CDU2 /6} wbere Uw_g

Alse ib
= 500 , 0636 00 f3) =

N 00 /b +(0.0636 7a)( 79000 H°) = 4952 [}

Fo=(0.073¢ ”’)(700"0 #) =515216 Thys, Fy =W+l gives
5/52 b= é‘?.sz b+ 236550’ or CaV =84.7 ()
ﬁf.s‘o R&' = -7,-' .

rb

oﬁ’e— st Fi ﬂtﬂ_ =3 25xxo U (2)

157 x10

and  from Fy g2l CD] \—ﬂ/ (3)

Re
Trial and error solvtion* Assvme G, : obfa;'n U from £4.01), Re from £4.(2);
check Cp f/‘am Egl 3) the qmph
Assume Cy=05-—»U=13.0 £ —Re 4,23 270 — G, = 024¢ 0.5

Assume Cy=0.24— U =18.8 % — Re=611 x10°— C, =0-30# 0,24
Assume Cp=0.30-» U=t6,86 8 — Re=5.56x/0°— Cp=0.30 (checks)
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8. It is often assumed that “sharp objects can cut through the air
better than blunt ones.” Based on this assumption, the drag on the
object shown in Fig. P9.56 should be less when the wind blows
from right to left than when it blows from left to right. Experiments
show that the opposite is true. Explain.

U? U?
ﬁ-— -—

A significant portion of the drag on an object can be from
the relalively low pressure developed in fhe wake region behind the
ohject. By making the ohject streamlined (c.e, flw from left fo
right, not right fo left iy the abwve figure) boundary laysr “separation
is avoidsd and a relatively thin wake yith fow drag is oblained.
Whethsr the front of the object js Sharp* or “blont” does nof altect
We contribotion to Hhe drag from the front part of fhe bedy—at
least not as moch a the widlh of the wake affects he drag.

9. An object falls at a rate of 100 ft/s immediately prior to the time
that the parachute attached to it opens. The final descent rate with
the chute open is 10 ft/s. Calculate and plot the speed of falling as
a function of time from when the chute opens. Assume that the
chute opens instantly, that the drag coefficient and air density
remain constant, and that the flow is quasisteady.

Left to the student.

10. Estimate the velocity with which you would contact the ground if
you jumped from an airplane at an altitude of 5,000 ft and (a) air
resistance is negligible, (b) air resistance is important, but you
forgot your parachute, or (c) you use a 25-ft-diameter parachute.

Left to the student.
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11. A 12-mm-diameter cable is strung between a series of poles that
are 50 m apart. Determine the horizontal force this cable puts on
each pole if the wind velocity is 30 m/s.

/ D=izmm
f‘: = fﬁrcaz_an o8 pa}_e =0 ‘ - *mp : B
W;}e[‘g oﬁgé% ':-{‘PU ’9 . . CE U ,-J:/.u_z/.///,/, FETIFFIT
Since Re =4 = (/3;;,%530,;1@ =2.47x10" if follows from Fig.9.23
‘ 3
ﬂm}c =048 /%wc'e, }';.1' 0."#(1“) (123 %}(36%)’2[50‘&'3)(’0.0{%): ;3? ﬁ{_-

D
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12. How fast do small water droplets of 0.06 p-mm (6 x10-8 m)
diameter fall through the air under standard sea-level conditions?
Assume the drops do not evaporate. Repeat the problem for
standard conditions at 5000-m altitude.

{0

dia. =D=6x10"m

i
For sfeady wna’:ﬁma Db =W,
where it Re =

a§=a’my .SF?DU,a Alse, W- V‘%‘,%ﬁ;{—ﬂ)ﬂ:w@,}f
and ?sp ¥ = L $7(R) = buoyant fm

Since ¥, d;,,-z, , we can ,aeyf&:f the busyant force.
That is, af?"'w '

_ ﬂ bV Pf o D* .
3??195%— (—-—) cop U= !ﬂ,ﬂ» R,

At sea level = ;’;73?.1765 Ys  so that

(9,801 25 ) (6x1°®m 7 m
U= /8 (1.79gx10° 2:5) —_.-___,ﬂ.__f'mw L |
-8
WNote that Re= f;:f-.s%i&m ) 523167 <<l g0 the use of

the low Re drag equation is valid.

/9?‘ an alfilode of 5000m | p=/625x/0 L2 and fram F7.0)
_ gox10° L s ) (6 x]0 m}“
18(1,628x10 2%)

=/ 20).'!0- ?
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13. A strong wind can blow a golf ball off the tee by pivoting it about

point 1 as shown in Fig. P9.62. Determine the wind speed
necessary to do this.

— Radius = 0.845 in.

~— Weight = 0.0992 Ib

When the ball is aboyt fo .";e blown
from the fee the free bedy diagram

is as shown. Hence, by svmming mements

—= )

aboypt (1):
OM=z0,0r WE=Br FL_.i T:"'Rx'
Thos, X Ry

(0. owzfé}{o 20ip.) =7 (€.821 1p.)
or .
ﬁ‘ 0.0292/6  where J=CytoU mr 0821in rr=0.845]

s,

0.02421b < C, #(0. ﬁﬂlaai@w 77(0 ;ﬁm - Z=0.20in.
or
C,U” = 1305, where U~L )
For a spherd Cy=C,(Re) (see Fig. 9.18) where (2)

(0. 00232 sivgs /H°) U (2(0. 345.?/?2 1)

Re = M 5. 475107 ( 165/ H7)

o

Re =966 U, where UN_{;‘{ )

Trial and error solvtion:

Assvme C,=0.% so that from 3. Q) U=%z/ }H and
 from Egﬂ{, Re = 966 (52.) = 5.5 2x00% Thus from

F'g?:"& = 0,25 0, %0 T/’(;—» qf.w}p

Assome Q, 0.22 sothat U= 77.0 5 gnd fe = 745510
Thes, from Fig. .18, Cp=0.22 ﬁémﬁs

ﬁ@ﬂc&J I “??ﬂ'ﬁ

% goff édf (é.e. with dimplss)

Dr./ Ahmed Nagib Elmekawy 10 of 14 SPC 307 - Sheet 3 Solution



14. How much more power is required to pedal a bicycle at 15 mph
into a 20-mph head-wind than at 15 mph through still air? Assume
a frontal area of 3.9 ft2 and a drag coefficient of Cp = 0.88.

P = power = Yl and 4= U*A | where Up=speed of gbe bﬂ{’;
: - =54 /f&.?\ =224
and U= wind speed refaffyg fy D;k&, Rt 40,;::\ .
Thos,

7 = (22 &) (088)(5 )

i

S"f‘f"é YWH39H2) = 0.0898 U T
with V~fl =
a) With a 20mph ﬁeaa’w:}:di U=(s *25’) /“;‘E}_,"},;E‘ = 53 e
Thus,
;f = 0.0898 (! 5.3) = 23¢ 11
83 With still air | U=15mph=22 ¥
Thys,
f1-4

p=e 0898 (22)" = #25 L2

; Hiby 14
Hence, need an additional power of Z-7%= (236 -#3.5) 75" (S:Jﬁ}
= 0.350hp

H -l
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15. A 25-ton (50,000-1b) truck coasts down a steep 7% mountain
grade without brakes, as shown in Fig. The truck’s ultimate steady-
state speed, V, is determined by a balance between weight, rolling
resistance, and aerodynamic drag. Determine V if the rolling
resistance for a truck on concrete is 1.2% of the weight and the
drag coefficient based on frontal area is 0.76.

Truck width = 10 ft

For constant speed, Z1Fx=may =0 4

or Y > 8
Wsinb = b + F 2 OF

Wh&f‘ﬂ 9 :ﬂfﬂfﬂﬂnﬁ') = & go 4"3.? , ﬁ:%ﬂylﬂ‘aﬂ

Té#’;} f .

50,000 Ib (sip %.00deg) = 3 (0.00238 %‘?j U ¢, (12tfxjof¢)+0.012 (56,000 |b)
or

34886 = 0./43UC, +600 /4
@ If Cy=0.9¢, then U=1#sE = 92.9mph
(I Cy=0.70, then U=/70E = [4mph
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16. As shown in Fig., the aerodynamic drag on a truck can be reduced
by the use of appropriate air deflectors. A reduction in drag
coefficient from CD = 0.96 to CD = 0.70 corresponds to a reduction
of how many horsepower needed at a highway speed of 65 mph?

12 ft

(b) Cp=0.96

P =zpower = [T where
=40 CA
Thus, AP = reduction in power
- 27
=7 PUEH[C% - Cﬂa]
With U= 65 mph = 95.34ps,
7P = $(000238 48 ) (95,38 1080)1281) [0.96 - 0.7]

= 32,00 M(—fﬁﬂ se.4hp
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