057:20 TEST #3 Fall 2005

Prob. 1
Information and assumptions

Find
determine the force that needs to be applied on the plate to maintain this motion.

Solution

Fixed wall

A

h1=1 mm
Y

h=2.6 mm A |
TT Ya
T

The magnitudes of shear forces acting on the upper and lower surfaces of the plate are

<

Moving wall

du
I:shear = TwAs = IUAS (+5)
dy
du V-0 _ . ’ Im/s
Fshear.upper = Ty, upper AS = Jt'f.‘l: Z = JEMS f‘)l =(0.027 N-s/m )(D:}. x0.2m )m =1.08N
] V-V g 1-(-0.3)]m/s B
Fipear tower = T tower s = 1A fj—” = ud; ; ¥ =(0.027N-s/m?)(0.2x0.2m? )% =0.54N
o o lay S 2.6x10°
_ L 26x107 m (+2, +2)

F = Fahear_upper + Fshear.lnu-‘er =1.08+0.54=1.62 N (+1)
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Prob. 2
Information and assumptions 2
Provided in problem statement ‘
. X
Find

(a) the gage pressure at the center of the inlet of the elbow and
(b) the anchoring force needed to hold the elbow in place.

. Water
Solution 25 kg/s

(a) The mean inlet and outlet velocities of water are
) ' 25 kg/!
v,=V,=r=t=__ " - =318
P4 p(xD”/4) (1000 kg/m™)[x(0.1m)" / 4] (+1)

The Bernoulli equation for a streamline going through the center of the reducing elbow is

BV LA
Ll yz="2 +Z; — R- P«—LE{: Zl}_} ‘Pl.gage-:pg(:_‘-_fl

1 )
re 2g rg 28 (+2, +1)

LN |=3.434k0m’ =3.434 kPa

B = (1000 kg/m *)(9.81m/s )(O 35 m)‘ e
L 1000 kg-m/s™ | (+1)

(b) Then the momentum equations
Fp. + B Ay =0—- Gn(+V)=—-06mV
Z F = Z ﬁmV Z ﬁmV = 1>$ﬁg-i‘ 1 .J&”( 1) L
out (+3) FR_-. = ,&N(‘l‘yjj = ﬁmV

F X :—ﬁHV_Pl quex’ll

=—-1.03(25 kg/s)(3.18 nv/ s)‘ — (3434 N/m? )7 (0. 1111) 4]

kg- m/s> |

=—-109N

=81.9N

= BV =1.03(25 kg/s)(3.18 m/ 5)‘ -~
E 11 "3 J (+1)

— — _ - Fp, 81.9 i H
IF2 +F2 = J(=109)2 +81.92 =136N, &=tan! > —tan’ = -37°=143°
R Ry N

Fg=.
BN Fp. ~109 (+1)
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Prob. 3

Information and assumptions
Provided in problem statement | ~TT-===% T

0m 10LS5% -
_-.- e
o W

Find .
Water tank

The required pumping head
Solution

. 20m 353m
The energy equation: Pump
P 5 P Vi 1
—1+C¥1 1 +_71_1prumpu =—'—Gf2 "J‘ +:: +hl'L'I..t’L'Il.1'.E':E+hI —> :1+rl.rpm1pru=g2 ‘_J;Jl‘hl
g2 £g 2g 2g (+4)

where o, =1 and

"T?I = h.[:tl:lt'il "T?I .major + ’Er" inor Z 1 f_+Z K.[

. _ 28 (+1)
Pipel: V| = v _ {: __0018m :5 =6.366 m's
Aq aD{ /4 x(0.06m)" /4
Re, = oDy _ (999.1kg/m }LL‘S.S;S{E m/s)(0.06 m) 335300
A 1.138x107 kg/m-s (+1)
0.00026
e/ D, =———— _ 0.00433
0.06 m
From Moody Chart, f —00294 From Table 8-4, K_ =0.5 (+1)
Iy, =|f1—+ZKL ] _| (0.02041) 20m | o5 L03%0mS)” _ 5 3m
7 Dy y 0.06 m J2(9.8lm/s7)
(+1)
Pipe2
V, =V, =6.366m/s
2
L, V) 35m (6.366m/s
h,=f—= (0 02941) ( / Z =35.4m (+1)
D, 2g 0.06m 2(9.81m/s’)

h =h,+h,=21.3m+354m=56.7m
The required pumping head
v, (6.366m/s)’

h =a,—+h -z, =(1
pump.u O‘ngr : ()2(9.81m/sz)

+ 567 - 30 = 287m (+1)
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Prob. 4

Information and assumptions
Provided in problem statement

Find
Estimate the boundary layer thickness, the displacement thickness, and the momentum
thickness of the boundary layer at the end of the test section.

Solution
The Reynolds number at the downstream end of the wall

vp (7.5 fts)(1.5 ft)
Ty 1.697x107 fil/s

Re = 6.63x10*

(*3)
So the boundary layer remains laminar. (+1)

. 491x 4.91(1.5 ft)

Boundary laver thickness: o = =0.0286 ft = 0.34 in
JRe,  +/6.63x10*

and

1.72x 1.72(1.5 ft)

- =0.0100 ft ~ 0.12 in
JRe,  +/6.63x10*

Displacement thickness: 0% =

and

0.664x 0.664(1.5 ft)

Re,  4/6.63x10*

Momentum thickness: 6 = =0.00387 ft =~ 0.046 1n

(2, +2, +2)
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Prob. 5
Information and assumptions
Provided in problem statement

Find

Drag force acting on the top and side surfaces and the power required to overcome this
drag
Solution

The Reynolds number is

VL _ [65x1.4667 ft/s](20 ft)

Re; =— = ————————=1.124x10’
U 1.697x107" ft~/s (+2)
Then the friction coefficient:
T T
C. = D'G;i ___ 007 —=0.002878
© Rer” (1.124x10")°
(+2)

The area of the top and side surfaces of the truck is

A= Ay + 2455, = 9x20+2x8x20 =500 ft’ R
The drag force acting on these surfaces becomes

L)
4

5, (0.07350 Ibm/ft* )(65 x1.4667 ft/s)” )
FD=CrA'0V =0.0028?8x{500ft‘)(00x 0 Ibmy/ft™ )(65 % 1.4667 ft/s) | 1Ibf _ |=14.9|bf
¥ 2 2 v 32.21bm-fi/s”
(+3)
Noting that power is force times velocity, the power needed to overcome this drag force is

i -
W, = FpV = (14.9 1b0)(65x1.4667 fi/s)| —— "

1 =1.93kW
L 737.56 Ibf - fi/s )

(*+2)
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Prob. 6

Information and assumptions
Provided in problem statement
Find

Drag on cooling tower

Solution
The drag coefficient for an ellipsoid with L/D = 25/5=5 is CD = 0.1 in turbulent flow (from

table 11-2) (+2)

Noting that 1 m/s = 3.6 km/h, the velocity of the submarine is equivalent to V=40/3.6 =11.11
m/s. The frontal area of an ellipsoid is A = nD*/4.

Then the drag force actmg on the submarine becomes

v 1025 kg
In water: Fp =CpAd P =(0.1)[x(5 111) 4] ( g/'m Z

‘. F

Y
1kN '
- [=124219
\ 1000 kg -m/s~ |

: 30 kg/ .
PV = (0.1)[x(5m)> /4] (1.30 kg/m?)(11.11 m/s) > 1k

Inair:  Fp=CpA . - |=0.158kN
2 2 | 1000 kg - /s’ ) (+2’ _|_2)
Noting that power is force times velocity, the power needed to overcome this drag force is
In water: I‘Vdﬂg FpV =(1242kN)(11.11 mv 5}| lki] =1380 kW
KN -m/s
In air: Wdﬂg FpV =(0.158kN)(11.11 m/ s]|| “‘i‘—m?s kw
-m/s

(2, +2)



