Solutions to Exercises

1. increases

= 2. increases

¢ 4. They are trying to control the airflow around them to reduce turbulence and the

« 3. turbulent
drg;g fgrce.
a 5. {(c)and(d)
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6. (a) Fy,, =n—
( ) drag n Ay
12em=0.12m; 15 cm = 0.15m; 0.4 cm/s = 0.004 m/s; 1.5 mm = 0.0015m
m
(0.12m x 0.15 m)(0.004 ,__}
8
Fy.. =(1Pa-
s = (1 Pas) 0.0015 m
Fig = 48x107 Pam’® =10.048 N |
(b) All of the other factors in the equation remain the same. Multiply both sides
of the equation by ¥5. If the force is halved the speed is halved.
v =15(0.4 coo/s) =§jo.2 cm/s |
7. (a) There is no net force for a constant speed 80 Fye = F. The direction is
opposite the velocity. Therefore, Fy,, = O 048 N to the left. |
: m
(0.12 m % 0.15 m)(0.004 ;] . _
Firay = (0.0010 Pa-s) =48x10° N |
(b) drag ( a S} 0.0015 m Lol o]
m
(0.12 m x 0.15 m)(0.004 W) o e
9 F 19 %107 Pa-s) 291x107 N
©) Fing = / 0.0015 m D110 N
(@)] air |
8.  Atterminal speed there is no net force on the sky diver, so F,, = F,. The
direction is opposite the velocity. Therefore, Fy,, = L168 lb (directed pward |
X f\'
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© 9. Atterminal speed, Fy,, = F,.

Fing = 6T rvny
r=%(1.5mm)=0.75mm=7.5x10%m

7.4x107 N = 6m(7.5x10™ m)(v)(2.8 Pa-s)

74x10° N _)
~6n(7.5x107 m){Z.S N—f)
: m
e
v=19x10"% —
Lo 8

%" 10.  (a) The slope represents the fluid resistance of the pipe. Therefore, {bigg‘ :{_\'Jhas
the higher resistance.

(b) Since the lengths are the same, the larger diameter would have the lower
resistance. Therefore, pipe B has the larger diameter.

(c) Since the pipes have the same diameter, the longer pipe will have the higher
resistance. Therefore,(pi?g_& is the longer pipe.
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ot

Therefore, R =

. Pa.s)(m
The units are ( )4( )

?

m m

or

() r="%(0.32 cm)=0.16 cm = 0.0016 m;

40ecm=04m

R

_8nL 8x10.0010 Pa-s x 0.40 m

ot
R =1.55x%10° Pa.s/m® |

...

(c) R=——[}—Porf/=—-£.
vV R

;,__AP__ -15x10’Pa

R {s55x108 P38

m3

7 % (0.0016 m)"

I )
=97x10° ms |

/

o

(d) If the length of pipe is doubled, the résistance 1s doubled and the fluid flow rate

. : : : »
is cut in half. Therefore, the water flow rate is approximately 4.9 x 1
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%12, (a) r=Y%(I2in)=61n

_mraP_n (6in)’ (-850 psi)
8l % (oxio psi-s)(54.4 mi X m]
nu
. 4

V =660 in’/s |
- y

(b) V =VAt=660—x1s =660 in’
S

Calculate the work done by the fluid to overcome resistance. This is the work
required of the pumps to keep the fluid moving.

W = VAP = —(660 in’ )(—~850 —“-’-) 561,000 in-Ib
in
Change to ft-Ib
. 8
W = 561,000 in-Ib X —— = 46,800 f-Ib
21 -
. 4
© p=-2 T2
8§ niL
€60 _I.Ei __E (7 in)4 AP
S8 (Loxio psi-s)[54.4 mi X @ﬁ_‘)ﬂ]
101
- 3 N
(660 £)(8)(1.9 %107 psi-s)(54.4 mi X 23—’3—69&] L
8 mi .
AP = : = 460 psi

(7 in.)4 .

13.  The top pipe has(four sharp bends, while the bottom pipe has a gentle bend. As
fluid flows through the pipes, the top plpe produces more turbulence than the
bottom. Thus, the fluid drag in the top pipe is greater than that in the bottom pipe.
As the fluid drag increases, the pressure drop in the pipe increases. Since the top
pipe has a higher fluid drag, the pressure drop is greater than that of the bottom
pipe.
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The area is the lateral surface of the cylinder.

125em=0.125m; 15¢m = 0.15m; 0.0127 cm = 0.000127 m

A=ndh=m7(0.125 m)(0.15 m) = 0.0589 m*

(0.0589 m> )(43.0 E]
8
0.000127 m

Fy., = 6980 Pa-m® £ 6980 N |

Fiag = 035 Pa-s X

Av
w15, (a) F:irag =T]'E

0.3 mm = 0.0003 m

(21.5m*)v

223 N =000 Pa-s Xx———"
0.0003 m

v= (223 N)(0.0003 m) =3.11 - or about’3.1 m/s )
(0.0010 Pa-s)(21.5m”) Pa-s-m

(b) A 15% reduction means the new area is 85% of the original area.

.

0.0003
(223 N)( m) =3.66 2 or about 3.7

~ (0.0010 Pa-s )| (215 m?)(0.85)] s e

[
¢

3

T-199 PHysics in CONTEXT, Chapter 4, Section 4.2




