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7.3 :  Given the profile approximation w/U =21 — 272_, where 7= y/d, compute

|
: 2
1——)d S|en-mHa-2n+nHdn=—45
IU[ y= Oj(n 7 )A= 2+ 17 dip =

o 1
| 1
5* = [1—3)d =s[a-2n+n*)dn==5
Of = Jdy OI( 7 dn =2

Hence H=0%/6=(0/3)/(20/15)=2.5 (compared to 2.59 for Blasius solution)
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7.7 For laminar flow over any one wall of size a by L, we estimate

Foue wall . 1.328 - F

(1!2),0U23L N ( pULf,f.f)‘ one wall

~0.664 (puL)*U*?a

Thus, for 4 walls and N* boxes, Fiotal = 2.6561\'2(ppL)I""lej""za Ans. (a)

The pressure drop across the array is thus

B 2.656 P
A = ol L)"? U Ans. (b
pﬂﬂa}f (Nﬁ}z n (pﬂ ) )

This is completely different from the predicted Ap for laminar flow through a square duct.
as in Section 6.8

= E , 28.5uLU
‘é‘pducr = fDL§U2 = [ 20 91'”J[£}£U‘ == w (I’})
h pUa Jla)2 .

This has almost no relation to Answer (b) above, being the Ap for a long square duct filled
with boundary laver. Answer (b) 1s for a very short duct with thin wall boundary layers.

7.8 For sea-level air. take p = 1.205 kg/m’ and x4 = 1.78E—5 kg/m-s. The
analytical formulas for array drag and pressure drop are given above. Hence

Foy = 2.656N?(puL)? U*?a = 2.656(20)*[1.205(1.78E-5)(0.25)]"* (12)*?(0.04)

or: F=4.09N (Re; =203000,0K. laminar) Ans. (a)

F 409
(Na)>  [20(0.04)

APorray = =6.4Pa Ans. (b)

This 1s a far cry from the (much lower) estimate would have by assuming the array is a
bunch of long square ducts as in Sect. 6.8 (as shown in Prob. 7.7 ):

28.5uLU  28.5(1.78E-5)(0.25)(12)

"j‘ploug duct ~ 2

- = 0.95Pa (not accurate) Ans.
a (0.04)°
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For air at 20°C. take p= 1.2 ke/m’ and y = 1.8E-5 kg/m-s. Assume a smooth
beach and use the log-law velocity profile. Eq. (7.34). given u= 10 m/s at v = 80 m:

J.l'_ B e
M LI ~ l111 yu +B= L In EOL +5.0. solve u*=0.254 m/s
u* u* K v 0.41 1.5E-5

Hence 7. =pu*’ =(1.2)(0.254)" =0.0772Pa  Ans.

g

The log-law should be valid as long as we stay above y such that yu*®/v > 50:

1 1.7(0.254
(a) y=17m: . In ( ) +5. solve u,,, =7.6 B s (a)
0.254 041 1.5E-5 ' S
1 0.17(0.254
(b) y=17 cm: L In ( ) +5. solve u,;_, =6.2 B s (b)
0.254 041 1.5E-5 S

The (b) part seems very close to the surface, but yu®/v = 2800 > 50, so the log-law is OK.

For seawater at 20°C, take p = 1025 kg/m’ and 1 = 0.00107 kg/m-s. Convert
15 kn = 7.72 nv/s. Evaluate Re; = (1025)(7.72)(150)/(0.00107) = 1.11E9 (turbulent). Then

Power 5.22E6 W 2F 2(6.76E5
F=2os 2 ~676E5N, Cp = I )

U 7.72 pUA  1025(7.72)2(5000)

= 0.00443

Fig. 7.6 or Eq. (7.48b):

L 150
— = 16800. gbamacle‘s' =

=——=0.0089m Ans. (a)
£ 16800

It the surface were smooth. we could use Eq. (7.45) to predict a higher ship speed:

U’ 0.031 1025)
P=FU=|Cp-AlU= - 77 [ ]U‘(SO{)U)U.
2 [1025U(150)/.00107] |\ 2

—

or: P=5.22E6 watts = 5428U%7, solve for U=11.1m/s ~ 22 knots Ans. (b)
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7.15

For sea-level air, take p = 1.225 kg/m’ and u = 1.78E-5 kg/m-s. Convert
90 mi’h = 40.2 m/s. We cannot compute Re without knowing the side length a, so we
assume that Re = 1E4 and that Table 7.2 is valid. The worst case drag is when the square
cylinder has its flat face forward. Cp = 2.1. Then the drag force is

1.225

2
ys

F=Cp, g U?al = 2. 1[ ) (40.2)*a(52)=90000 N, solve a=0.83m Ans.

Check Re, = (1.225)(40.2)(0.83)/(1.78E-5) = 2.3E6 > 1E4, OK.

For the standard altitude (Table A-6), read p = 1.112 kg/m’ at 1000 m
altitude and p = 1.0067 kg/m’ at 2000 meters. Viscosity is not a factor in Table 7.3
where we read Cp = 1.2 for a low-porosity chute. If acceleration is negligible,

Pral

» ¥, 5 3
W=C,=U —D". or: 90(9.81) N= ].2[3] U~ 5(8.5)2., or: U*= 2593
2 4 2 A

P

25.93 m 25.93 m
Thus U, =, ]———=4.83 — and U =, ]———=5.08 —
1000m =41 1120 i 2000 m =41 0067 i

. . . . . 2
Thus the change in velocity is very small (an average deceleration of only —0.001 m/s")
so we can reasonably estimate the time-to-fall using the average fall velocity:

Az 2000-1000
V (4.83+5.08)/2

avg

=202 s Ans.

Aty =
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7.18 For sea-level air, take p = 1.225 kg/m’ and # = 1.78E-5 kg/m-s. Assume a
laminar drag coefficient Cp = 0.47 from Table 7.3. Convert = 400 rpm x 27/60 =
41.9 rad/s. Each ball moves at a centerline velocity

V, = Qr, = (41.9)(0.28+0.0735/2) ~ 13.3 m/s
Check Re=1.225(13.3)(0.0735)/(1.78E-5) = 67000; Table 7.3: Cp = 0.47

Then the drag force on each baseball is approximately

T 1.225 T
ID2 = 0.47[ 5 ~’}(13.31)21(0.0735)2 ~0.215N

Make a similar approximate estimate for the drag of each rod:

| 1.225(5.86)(0.007
V, = Or,, =41.9(0.14) ~ 5.86 2, Re= 12225-86)(0.007)
S 1.78E-5

= 2800, Cp =12

F

rod

~ Cp [%) VDL = 1.2[1 221 ) (5.86)%(0.007)(0.28) = 0.0495 N

A

Then. with two balls and two rods. the total driving power required is

P =2F,V, +2F.V, =2(0.215)(13.3)+ 2(0.0495)(5.86) = 5.71+0.58 = 6.3 W _ns.
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dv

For sea-level air take p = 1.225 kg/m’. From Table 7.3 for a parachute, read
=1500—
dt

719
Cpp = 1.2. The force balance during deceleration is, with V, = 50 m/s
ez
1.225 [0.4+1.2§D;;JV2 =(ma),,, =

2 F=-F, ;- F4,, =—5000-
the car slows down linearly and stops in 50(1500)/(5000) = 15 s

0. - slow
not fast enough—so we definitely need the drag to cut it down to 8 seconds. The first-

Note that, if drag =
order differential equation above has the form
1.225( 0.4+1.27D; /4
where a = and b=
2 1500 1500

dv
=—b—aV?>,

dr
Separate the variables and integrate, with V=V, =50m/s att=0

t
1 a
— | dt. Solve: t= tan ™~ [I’; —] =857
’[ Nab \ b

]
’[ b+a V2 5
which lies within ! Iteration is needed—an ideal job for EES! Well
9.33 s) and D, = 4 m is too large (t =

VO

The unknown is D,,.
anyway, you will find that D, = 3 m 1s too small (t
7.86 s). We may interpolate (or EES will quickly report)
=3.9m Ans.

Dpa rachute(t=3 s)

*ESS= Engineering Equation Solver
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7.20

For sea-level air, take p = 1.225 kg/m’ and u = 1.78E—5 kg/m-s. If x denotes
uphill, the equation of motion 1s

m% =-Wsm6 - F .~ C DAg'\fz, separate the variables and integrate:
AY Wsin6+F Wsin6+F
V =V, tan| tan™ [ O) _g ,+ = |, where V;= smor Ly
V; mV; CpAp/2
For the particular data of this problem. we evaluate
7. = 98108ip5.71‘3+ 70 404 Wsin63+ F 981Qsin5.71"+ 70 _ 0.0212
0.7(1.225/2) S mV; 1000(49.4)

—

also tan™* [f;) = 0.469 radians. So. finally, V= 494 tan[0.469—0.0212t]
The car stops at V=0, or t5,,; = 0.469/0.0212 = 22.1 s. The distance to stop 1s computed
by the same formula as in Prob. 7.98:

Sl DY /) I R L U 1+(£} ~266m  Ans.
v, 1.225(0.7) 494

Axmax = ln
- pCLA
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7.22
For air at sea level, p = 1.225 kg;’mE. From Fig. 7.24 with the flap. Cp pax =
1.75 at o= 6°. Compute the stall velocity:

2W 2(180000 N) vy 4 I
Vitall = ; = - 3 . 324 —
PCrmaxA, (1.225 kg/m™)(1.75)(160 m~) S

m

Then Ve = 1.2V, =38.9 —  Ans. (a)
5
C -
C, Lo _ L7545,

(Vfﬁ?lff;]-/;mﬁ )2 (1 2)2

For take-off at the same speed of 38.9 m/s, we need a drag estimate. From Fig. 7.25 wirth a
split flap, Cp.. = 0.04. We don’t have a theory for induced drag with a split flap. so we just go
along with the usual finite wing theory. Eq. (7.71). The aspect ratio is b/c = (40 m)/(4 m) =10.

C} 1.22)°
Cp=Cp. +—E-=004+ (227 _ 0.087.
TAR 7(10)

1.225

Frag = (0.087)[ ){38.9}2(160) =12900 N

Power required = FF= (12900 N)(38.9 m/s) = 501000 W =672 hp Ans. (b)

vvvvvvvv
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