CE 371 HOMEWORK 6

1) Three pipes steadily deliver water at
20°C to a large exit pipe as shown in the
figure. The velocity V,=5 m/s, and the exit
flow rate Q4= 120 m’/h. Find (a) Vi; (b) V3;
and (¢) V4

if it is known that increasing Q3 by

20% would increase Q4 by 10%

2) Water flowing through an 8-cm-diameter
pipe enters a porous section, as shown in

the figure, which allows a uniform radial
velocity vw through the wall surfaces for a
distance of 1.2 m. If the entrance average
velocity V;is 12 m/s, find the exit velocity
V,if (a) vw= 15 cm/s out of the pipe walls;
(b) vw= 10 cm/s into the pipe. (¢) What value
of vw will make Vo,=9 m/s?

3) The open tank in the figure contains
Water. If h is constant, determine V; for the
given data if V;=3 m/s and Q3= 0.01 m’/s.

I[3}| i Q;=0.01m’s

—» — 1 (2)
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Dy=5cm

h I

+
I_—D-f?cm

4) Viscous liquid from a circular tank, D = 300 mm in diameter, drains through a long circular
tube of radius R = 50 mm. The velocity profile at the tube discharge is

2
u=u,_ . {1 - (%) } .Show that the average speed of flow in the drain tube is V, = %u

S) Oil having a specific gravity 0.9 is
pumped as illustrated in the figure with a
water jet pump. The water volume flowrate is
1 m%/s. The water and oil mixture has an
average specific gravity of 0.95. Calculate
the rate, in m’/s, at which the pump moves
oil.

Section (1)
| Section (3}
1

B ——
Watar Water
Q= and
1 m3is o
mix
(SG = 0.495)

Sestion (2)

Qil (8¢ = 0.9)



6) Water enters a two dimensional square VmaxK\T\T\ Veni
channel of constant width h = 75.5 mm, with "
uniform velocity U. The channel makes a 90°
bend that distorts the flow to produce the
linear velocity profile as shown at the exit,
with Viyax = 2Vmin - Evaluate the v, if U = =
7.5 m/s.

7) An incompressible fluid flows

steadily through the rectangular duct in the
figure. The exit velocity profile is given by \

U = Upax(1 — y/b))(1 — 2°/h?). (a) Does this 2b

profile satisfy the correct boundary

conditions for viscous fluid flow? (b) Find an 2h

analytical expression for the volume flow Q z

at the exit. (¢) If the inlet flow is 0.1416 m’/s, Y

estimate Upyax in m/s. (b =h =10 cm) _/!r \‘
EXIT Xu

ANSWERS
1)a)V,=545m/s; b)V3=589m/s;c) V4=524m/s
2) a) Vo, =3 m/s; b) V, =18 m/s; ¢) vy, = 0.05 m/s (out).

dh Q,+Q,-Q
3)a)— =—~! 32 -b)V,=4.13m/s
)8 (nd?/4) ) V2
5)Q,=1ms

6) Vmin = 5.0 m/s

16bh
7) a) Yes; b) Q:M

C) Umax = 7.96 m/s



CE 371 HOMEWORK §.2.

Q1) For steady viscous flow through a circu]ar tube, the

m
a\ml vclocny profile is given by u="Ug(l —E) : e
as shown in the figure. For lammﬂr flow m~1/2 while- ¢ s
for wrbulent flow m=1/7. (a) Compute the avcrage R uLe)
velocity if the density is constant (b) Suppose the o 4

density  also  varies. raccording to the ~ formula ‘ S Lue

p= %p(,{] +(1- _I_)n _l . ie. It increases from . e .
L L . R _J ’ ‘ . Uz o b((\o 5\;?)

0.5py at the walls to py at the centreline. This simuldtes :

high speed gas flow through a tube with hot walls.

Compute the average density and the average product of

density and velocity, and compare. (For laminar flow n .

~1/2 and for turbulent flow n~1/7)‘ , - ' .

aYLeominer —Vay20.53 U, ; Turbulent —= Vay Z0.82u,
%—} Laminar —"?mjﬂ Lo 27 gca ‘ uftu end — gm, o O 918,
c) (SU] v = ( 06 gﬂ#\g&v (ommma’; : (§V§¢.\),_,(O( _‘)g\)ﬁ!f (-T‘/‘A"“{e”‘{‘)

Q2) Consider a device used to mix and deliver two omm . ~2
Lo . < 3 D s ue Yoy |
liquids with roughly the\samc density 1050 kg/m’ , as etz o.oimi s T\__k_\h Lw,_
1 shown in the figure. For the conditions shown in the w.—w._.,,_,;t e
o 1l
figure, find the maximum velocity after the. two hquxd . 0\ mlg 1 beneh . mm

_SUCAINS HIIX. (U\og, moxine yela ity
The oL 19 ggoum ed L0 P& StTOY

oo mcomprc 5510l .
QA t\so—dxmen&onfal water flow divider is shown in
the figure. The flow in . through opening A varies

-

linearly from 3 nv/s to 6 m/s and is inclined with an

angle a=45° 10 the opening itself. The area of the A

opening is 0.4 m*/m, that of B is 0.2 m*/m and that of C
is 0.15 n’/m. The flow at B, nomal to the opening,
varies lincariy from 3 mv/s to 5 w/s, and the flow at C, .
@ ' normal to the opening, is approximately conétalii.‘Find
qc. Note that the flow is imcompressible. B

ez 5.05%mls

Q4) Assuming that the flow is incompressible and
. steady, find the density of the mixture p,, coming out of = 10005 m - ' L 0 foo
. X o P - 5 emls . 4 C - E:S)O \13 -
the tank using the values shown in the figure. ; Vi = 1 - 3>—"‘ Je = 2 m15
Sn-Me kg I o TED S sen

3= t0em : l

Qs) F md the velocity Vs using the values giving in the-

figure. w5 coming out Vif&_gé =1000 tglm’B

fom e Uhote
o{ \onﬁwx 3mn

2 = loce \ :
y=0.3441%% S22 N8 77ml,
? = {000 tslm3 4’14 J ' \1
D115, } e § Qe ;

- ; c 13"'\ Va:\cmvls 7 Q%:_\QOO%,
\/:‘q;(‘b*(’é‘).) s g = O , o




CE 371 HOMEWORK C 3
Ql) Consxdcr dll nnua!ly cmpty reservoxr wnh volume 2 —‘k : dxre;'c;hbﬁv °3 {m 1= :

m3 conncctcd toa supplv llne through a valve as: shown i

——

i the ﬁg,urc Fmd the tlme lt m]\es to fully ﬁll Lhc il \/ u (
o
R

: rescrvmr \vhcn the valve opens _‘- (‘H:(“ - 636 écem\ob}

N bk
S NE (ﬂ \loLumc. o'\ ‘Hne ton\t— ot bmc, .
e Plouws ax Fne u\oo\u Lme, ¢ O s\,uﬂ@d tD be—
SRR contenf oa  hwo S S5 'U\C .

: 'QZ ) For SldeY viscous flow lhrou;j) a cm:ular tubc lhe;

..nxnl \'clocu\ prolxlc is gnven b\ u “" ()(1——)1“ - e T
__'ds sho“n in the ﬁg,ure For lammar ﬂow m~1/2 whxlc R TR P SRR
. for trbulent- flow. m=1/7. (a)’ Compute the average e
.+ velocity -if .the density is constant (b) Suppose the -~ . - "??\‘ B I I
’vdcnsu_v dlSO ‘varies, according. to” the formula . . A

;D_S-f'p(, ,1:%*'(1 '—f' ..__‘)n\ . i.c,_ It ih\c‘reasgsb,from' »

R 5po at lhe walls to p(, at me centrelme Tlus suuulates’ o
. high speed yls ﬂow through' a - tube. “with hot -walls. .

" Compute the average density and the average product of
o density <md velocity, <1nd compare(,For faoninor e
» ‘—ﬁ\ow a H:z_ oncl (\Y —\w/bu\eﬂ’c flovJ ("'3”?} "“V“(

\Iau._ .SGu» (hn gu ._@ mfo (fc\m) | o {:) .
“NevE0O.R82us (.-\uvb) 'gw_.v )& £ (,-\ufl;) ~_ A I T

-QS) Consrder a dev1ce used to mix. and dehver two EERE mm

s hqmds w uh roug,hlv the sime density 1030 kg/m3 as - Uo\=° 0‘[:’5~—L-——_\ L iz Yo

shox\ n in the ﬁgure For 1he condmons shown m the

'\‘[ﬁume fmd the nmumum vclocxtv after the two hqmd o
slreanxs miy, (u03_, Onﬂmvm vdou{:j)

{ T -?\om s as 5umg_d to be v,»tc:mj -
ond L incem Pm%\b\ﬁ Uo; 0. c:lmb

QJ) The mnk ngen m ‘the ﬁgure is bemg ﬁlled thh

\\ater by two oue dlmensmnal 1nlets<; Axr 1s tmpped at PR

the top, of Lhe tahk The water helghi is'h, (a) Fmd an S

e\pressmn :for the ‘hange m water hexght dh!dt ®)
Con'_ ute: dh/dt 1fD1 2. 5cm D2—76cm v1 091 m/s -
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CE 371 HOMEWORK 8 -

Q1) Water ﬂowmg out of a circular pipe is assumed to

xf!iangular contrsvolume given in the figure , bounded

by (0, 0), (L, L) and (0, L), with depth b into paper.
Compute the volume flow through sections 1, 2 and 3
and compare to see whether ma;sis conserved.

G = ~NobL

- Qa2=0 -
Qz = Vobl-

Q5) Find the velocity V3 usmg the values giving in the

figure. (Vg;\.tﬂ—mls)
\ile,\ocj&‘j .disﬁbuﬁon ot
cection 1 iS .%wan ba
2\
Vo= 2 (b —%)

Uvm’im Y qe,\ou is P'Cse’\t
oY Seeb"on "3,0\-,@ se,chvnS

? - [000“3‘”'
N

=200

have a linearly varying velocity distribution as shown in | ¥ Kl
. i ; D '
the figure. What is the average velocity of the outward ) . ) . |
flow in terms of Uy ( Um“"‘ = \loue) . £lows
Mow
Q2) Water flows into a branched pipe as shown in the VS‘? 03 ' \
figure. The diameters of the pipes are D;=20cm, -
Do,=1 pcm and D;=5cm. Ihe veloci.ty proﬁle_ of the water Section(3) 1
entering the -pipe is given by .
- 3is Wﬁ% s
r? ok ¢
V, =0.25{ 1 -~ — |where R, is the radius of the pipe
RI . ! Vi Dy
ot | -
at Section 1.If the uniform velocity at Section 2 is V=2 J
' my/s, then find the average velocity at Section 3. Section (1 ) - son (.1) .
\/:s:ébiﬂ'}{s'(mwwd\ ' ‘ , Sec
- Q3) 0il a;dd_ water are mixing in the tank and the Qoll zo.20¥s
mixtare is flowing out from the ‘pipe which has a @} L { Poil= 90(5\:5'1 m? _
diameter of 0.3m. If the discharge of oil is 0.2 m*/s and A ;
the discharge of water is 0.1 m’/s, find the velecuy and v
&..., 200 ms - D3 O3 v
the density of the mixture. : _—® ., _ A
Nwix= b Zhbmls f71o00kglm Mg
ik 8667 key(m® ©N
Q4) Consider the constant-density velocity field 3

hori zontol pipe

‘-—-WSM- lm-—n

e

T

\/_7;’:: '—-?m):j, : .
Dg_—’— 9C—M o ”
£, = tovo kg /m
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