CHAPTER (11)

DRAG & LIFT

HOMEWORK (3)

11.10,11.21,11.28, 11.49,
11.68




Problem (11.10)

Situation: Wind acts on a cooling tower. Height 15 H = 350 {t.
Average diameter 18 D = 250ft. Wind speed 13 V;, = 200 mph = 293 3t/ =.

Find: Drag (Fp) acting on the cooling tower.

Properties: Air at 60 °F (Table A.3) has properties of p = 0.00237 slugs/ft*; v =
1.68 x 10~ ft*/s.

Assumptions: 1.) Assume the coefficient of drag of the tower 15 similar to the coeffi-
cient of drag for a circular cylinder of infinite length (see Fig. 11.5).
2.) Assume the coefficient of drag for a cylinder is constant at high Reynolds numbers.
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Problem

Reynolds number

203.3 x 250
1.58 x 10—4
4.641 x 10°

From Fig. 11-5 (extrapolated) Cp == 0.70. The drag force 1s given by

Fp

(0.00237 slugs/ft") (293.3ft/s)’
2

0.70 x (250 ft x 350 ft)

slug - ft

6.244 x 10—

=

Fp =6.24 x 10°1bf




Problem (11.21)

Find: Additional power required due to the carrier.

Assumptions: Density, o = 1.20 kg/ m?. Cp will be like that for a rectangular plate:
((b=15/02=T75
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Problem (11.21)

ANALYSIS I

From Tahble 11-1

The air speed (relative to the car) 18

' = 100 km/hr
27. 78 m/s

The additional power 15

AP = FpV \/ =80km/h|

car

Substituting drag force

DA (pVE/2)V
1.25 % 1.5 % 0.2 % 1.20 = 27.782 /2 % 80000,/3600

3.86 kW

Dr. Munzer Ebaid




Problem (11.28)

| ANALYSIS I

Conszider a force ba e parallel to direction of motion of the bieyehst:

rolling Z F

+ngt. comp. F_D - leling realat.
Wsin&" — Cgﬂpp‘[ﬁ_fz — 0.02 W cos8°
W sin& — 0.5 x 0.5 x 1.212/2 — 00211 cos&°

N = Blg=7848 N
1 sin 8° 1092 N

Weos8® TiT.2 N

1092 — 015V — 02 x 7772 =0

Ve=250m/s =V, 0. +5 m/s

Note that 5 m/s 1z the head wind so the relative speed 15 V4,0, + 5.
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Problem (11.49)

PROBLEM 11 .49

Situation: A weighted wood cylinder falls through a lake (see the problem statement
tor all the details).

Find: Terminal velocity of the cylinder.

Assumptions: For the water density, p = 1000 kg/ m*.

| APPROACH I

Apply equilibrium with the drag force and buoyancy force.

| ANALYSIS I

Buoyancy force

Fbun}- = 1"

= 0.80 x (7/4) x 0.20% x 9810

-.|,'

= 2465 N
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Problem (11.49)

Then the drag force 13

FD — Fl:-uu}' —

— 2465 — 200
‘L=@=4‘ — 465N
d 20
From Table 11-1 C'5 = 0.87. Then
T r2
165 = oAl
2
or
, /2 % 46 5
o= | /=/——
\/ CpApe
, 9 % 46.5
1y =

\/ 087 % (7/4) % 027 < 1000

= |1.84 m/s
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Problem (11.68)

radio antenna

; radar +
_'*' | |

" =3 compass bridge
e buoy + — _

i

g passenger cabin fFg
N =R E T L}
L]

i surface piercing foils

propeller shaft

propeller

frant fail

rear foll




Problem (11.68)

PROBLEM 11.68

Situation: A hfting vane for a boat of the hydrofoll type 15 described 1n the problem
statement.

Find: Dimensions of the foil needed to support the boat.

| ANALYSIS I

Usze Fig. 11-23 for charactenstics; b/c =4 s0 Cp = 0.55 b_ 4

C
Fr = CpApV/2 |A, =bc =4c?|
10,000 = 0.55 x 4% x (1.94/2) x 3.600
&g o= 130 ft
= 114 ft
= de=456ft

Usze a foil | 1.14 ft wide < 4.56 ft long




END OF

HOMEWORK




