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8.2 Water flows through a 50-ft pipe with a 0.5-in. diameter at
5 gal/min, What fraction of this pipe can be consideréd an entrance
region?

Gosed on Tabls 1.3 ,é 7.4
59U = [ 1Ix/072 F+7s

Def-ervmh(. Ke

-~ Jolixro?
V:Q/A:dzn(f;s:)iscg./7ﬂ/5
Y 2

Re = ¥R o EILLTR) - 2 70t
CAIX/07

For turbaest flow
Ao (R
b = (0F) 4.4 (2513009 "
Jo- 1.0 4
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8.3  Rainwater runoff from a parking lot flows through
a 3-ft-diameter pipe, completely filling it. Whether flow. in
a pipe is laminar or turbulent depends on the value of the
Reynolds number. (See Yideo V§.2) Would you expect the
flow to be laminar or turbulent? Support your answer with
appropriate calculations.

Re = %O/KD = \:,D If Re>4000 the flow is turbulent. The

corresponding velocity i.ss &
_ Rew _ (#000)(1.21x|0°° ) fi
Ve = 3ft = 0.0/6] 3

Most likely the velocity will be greater than this, .0, turbvlent flow.




3.4

8.4 Blue/and yellow streams of paint at 60 °F (each with a den- Green?

sity.of 1.6'slugs/ft> and a viscosity 1000 times greater than water)

enter a pipe with an average velocity of 4 ft/s as shown in Fig. s-?u
P84 Would you expect the paint to exit the pipe as green paint or .\
separate streams of blue and yellow paint? Explain. Repeat the |
problem if the paint were “thinned"” so that it is only 10 times
more viscous than water. Assume the density remains the same.

FIGURE P8.4

f 7‘]‘/)6 flow is laminar the paint wovld exit as separate blve and

ellow streams. "
. VD _ evd ,_557/;2-(4.61‘1)(,%{{) =45 6<2/00
Re =vYm = 1000 Ly 0~ 1000 (2.36‘X/0'5 Lf,—f‘) ‘

Thus, Jaminar flow so blve and yellow streams.
If vse p =104, , obtain
Re = 4560 >4090 so have turbvlent flow with natoral mixing and
green paint.
Note : Check to determine if the 25 f1 length js greater than the

entrance length , 4, .
For laminar flow %ﬁ =0.06 Re, or B, =0.06 (#5.6)( % f1) =0.454 f{<25H

For turbulent flow % =44 REV‘J or b, =6=.4¢(45a'o)7'f'(;-’,-;- fi)=2.99 ff <25




2.5

8.5 Air at 200 °F flows at standard atmospheric pressure in a pipe

at a rate of (.08 Ib/s. Determine the minimum diameter allowed if
the flow is to be laminar.

. VD. :
Maximem  Re "6)7‘ for laminar flow is Re =200,

or with v |
: D
Ve, R fERR. 00
-//eﬂce;_ .
Q= 2/007H D
| G
Thus, ‘ #)
__ (17xies »
B = slogs
P (;7/55%)(4:;“200)% 0.00/87 =
so that I

Q= 0.08 5 o
(32.2£)(0.00/87 )

3
/.33§t

-/J"encis’J with = K49 g (see Eb/e.&‘:ﬂ

Nl ble 8.3), £q (1) gives
p=-289 _ #(o0oi87 %) (L33 ) ]
21007 f = 2]00T (%49 xi0-7 %ii) = 3,36t

0

7
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8.6 To cool a given room it is necessary to supply 4 ft¥/s of air
through an 8-in.-diameter pipe. Approximately how long is the en-
trance length in this pipe?

V= -g— = %—‘zﬁ% = /.58 Thas, with v=1.57x10 "4 (see Table 1.6)

vo .52 (&)

Re =22 = r 2o gl qqaao >4000 so f/ie f/ow is furba/enf.
Ls7xig ¥ &L

Hence,
7
.%E .-:l,{!,rRe%; or b, = %4 (48800) g 'g'_') =/7.7ff




g: 1

8.7 A long small-diameter tube is to be used as a viscometer by
measuring the flowrate through the tube as a function of the pres-
sure drop along the tube. The calibration constant, K = Q/Ap, is
calculated by assuming the flow is laminar, For tubes of diameter
0.5, 1.0, and 2.0 mm, determine the maximum flowrate allowed
(in cm?/s) if the fluid is (a) 20 °C water, or (b) standard air.

ﬁ:“f’, ) £=0
2 ]
Re=Y2 yhere Q=VA=EDY
Thus
" 49D 48 . TD¥Re
Ro= %53 = 27, or §=-T5FR

Maximom @ occors with maximom Re for laminar flow * Re = 2100
Thus Qoay = 16507V D

a) For 20°C water ¥= 1,004 m—:_gz <L
f/eme, Qmax = 1650 (1.0o# X107 2YD = 1, 66x16°D 2 wifh D~m

LR
b) For standard aip V= 1.%6x 10 5;?‘_ o
Hence, Qpqy = 1650 (144x10° BYD = 2,4/ x107°D % with D~m

Thus, the following valves ars oblained:

3 3
L
D, m Qﬂax J gl @max; s
(a) waler 0.000s g.30x;0°7 0,83
0.00/0 1,66 ”0_66 166
0.0020 3.32x)0°° 3.32
T N ‘s x
(b)air  0,0005 A 2/310 by /2.1
0.00] 2. 41%10 241
0.002 4,82 X0 8.2

Note: [ cm® =107°m?




8.8  Carbon dioxide at 20 °C and a pressure
of 550 kPa (abs) flows in a pipe at a rate of 0.04
N/s. Determine the maximum diameter allowed
if the flow is to be turbulent.

For turbulent i%wJ Re = &4 > 4000 | shie Q VA = Z 0%V
Re I8 - = 4000

THEDE /r/&D
D= ;289 Lhere goQ=004% and p=i4 x/G°LS, (Table 1.8)

4000 7?'/“-

Thus,

Hen )
e CB: y (o. o#%)(?.alﬁjﬂ) = 0.0883
#0007 (147 xjo*B2) = s

8§-7




8.9

x (m) (%£0.01 m) p (mm H,0) (=5 mm)

8.9 The pressure distribution measured along 0 (tank exit) 520
a straight, horizontal portion of a 50-mm-diam- 0.5 427
eter pipe attached to a tank is shown in the table 1.0 351
below. Approximately how long is the entrance 1.5 288
length? In the fully developed portion of the flow. 2.0 236
what is the value of the wall shear stress? 2.5 188
3.0 145
3.5 ' 109
4.0 73
4.5 36
5.0 (pipe exit) 0

The entrance length extends to the fully developed portion in
which %€ =constant. Approximate % = S£ o oblain the following :

From X= | tox=0)m Jﬂj mm b0 | Sx %J f’%l"@
o 0.5 ~73 0.5 ~/86
0.5 1.0 -76 0.5 ~/582
.o L5 ~63 0.5 -126
/.5 2.0 B2 0.5 -Jo#4
2.0 258 - 48 0.5 -9é
2.5 3.0 - #3 0.5 -86
3.0 3.5 ~36 0.5 -72
3.5 %Ko - 36 0.5 = T2
40 #5 ~37 0.5 - 74
45 .0 —-34 a.5 -2

Within the error on d&p, the pressure gradient /s constant
for X23,m  Thus, 4, ~3m.

For X>3m " % = 72 .C"_%ﬁl-f Since | mm #,0 x 32,2,,——'(])(/53,7;)(‘?800,‘%)

N =960, then
240 mmi0 [ 4.80pm2\ . N mz,
f— 72 =5 mm Ha.0 ) =798 m3
Sl'ﬂce Af?: ‘/DZ.J f)’ fa//mv " f/?af

?'; = —g— “ = 0-—-—-—-—-—'0;/_50,” (706—’;"”3) = 8-83%1,




8.10

8.10 (See Fluids in the News article titled “Nanoscale flows,” Sec-
tion 8.1.1.) (a) Water flows in a tube that has a diameter of
D = 0.1'm. Determine the Reynolds number if the average veloc-
ity is fﬂdiaméters per second. (b) Repeat the calculations if the
tube i¢ a nanoseale tube with a diameter of D = 100 nm.

l<

(a) Re = ,,D , where D =0.Im , V=10 (0.1m)/s = /’;‘h‘, and V= /_lzx)g",gf

Thus, (123 0.4m)
_ (1=2(0.Im
Re = Li2xjo7é.m

= 8?J3OO

_ VD a Im -7 . "
(b) Re = 5=, where D=/00nm (m) =10°m  V=10(16"m)/s =105_—'r”j

and 1/=/./2):/0",§’-f
Thus
b =
RE; (10 's’!')(lo 7m'
Lizx o~ 22

-8
= 8.93x 10

8-7




8.12 For fully developed laminar pipe flow in a circular pipe, the
velocity profile is given by u(r) = 2 (1 — #/R? in m/s, where R
is the inner radius of the pipe. Assuming that the pipe diameter is
4 cm, find the maximum and average velocities in the pipe as well
as the volume flow rate.

Ulr) = 2(]- r¥Rg)

Based on Eg.(58.7),
Maximum Veloc.“-l7 , Ve = 2"/s
We could also use the Fact t/l:af- fée MK Mg
Ve/ac;fy occurs ot the cenkrline of the prpe, r=0
ulo) = 2(1- U2 = 27

AVeragf. velocn"l'y, V
V=Vefa= Zfg = | m

—

vofume. //owmfe, QA
QA=VA={(]) —ZL(O.O‘/)": /.26 x D 3m¥%

§¥-/0




8.13

8.13  The wall shear stress in a fully developed
flow portion of a 12-in.-diameter pipe carrying
water is 1.85 1b/ft?. Determine the pressure gra-
dient, dp/dx, where x is in the flow direction, if
the pipe is (a) horizontal, (b) vertical with flow
up, or (¢) vertical with flow down.

In general, 2L —2‘2 s _ 2T

-
Thos, with =7 at r=2 and %:--Af this becomes
% = =~ iD?"d’ - Osin@

a) For a horizontal pipe 6<0
FY I - S 4 (.85 &)
X =~ D

o 1b
T = 29‘0?—1;3

—_

b) For vertical flow vp 6= 90°

P =_ff§fz_a' =_M“'@ _52,41?3 = -69.9 1L

i Il F 7
and —
¢) For vertical flow down 9=-Za°

4T _ #(1.8543) b _ Ib
12 SRR

g- 11




8.14 8.14  The pressure drop needed to force water

through a horizontal 1-in.-diameter pipe is 0.60
psi for every 12-ft length of pipe. Determine the
shear stress on the pipe wall. Determine the shear
stress at distances 0.3 and 0.5 in. away from the

pipe wall.
For a horizontal pipe —f or T=% éf
MUJ 41|T
.6 X144 172 o
e r(oz(m fi“) - 3'”%‘  where r =1t
Hence

0.5 b
=3 6( = 0./5 45
and with r=(05-03)in. =02in.,

T=36(9%) =006 ’Hz

E’na//y, with r=00.5-0,5)ip. =0 in, T =0

B.15

8.15 Repeat Problem 8.14 if the pipe is on a 20° hill. Is the flow
up or down the hill? Explain.

For a pijpe on a hill 5 zr_T t §'sin€, where 6=*20°
Assvme the flow is vphill : &= +20°
T/?us T = -L[-Tﬂ Jsmﬁ_] or T =% (9% )}:% -42. %ﬁsmzo"]

?;J = — 0,295 45 #’z. Since we must have Tw >0, the flow must not

he il
Hocane dbn Baw 15 dabbols @ s 20"

£
Ths, ?_,:g[éf "t)‘sm@] or T——[Mj‘ L ﬂ-"“’”za]

12
where r~ . The

Ib
=4 3F 45
" e
Hence, with r=% flow is downhill

To = /143(22) = 0.59 4

With r=(0.5-03)in. = 0.2/p,

T= /43(2-—2-) = o.zsafff,,

With r = (0..5—0,5):;?:- =0

8-12




8./6

8.16  Water flows in a constant diameter pipe
with the following conditions measured: At sec-

tion (a) p, = 32.4 psi and z, = 56.8 ft; at section b)
(b) p» = 29.7 psi and z, = 68.2 ft. s the flow
from (a) to (b) or from (b) to (a)? Explain.

(a)

Assume the flow is vphill. Thus, 45 + '5.\%.- +2; = %*% b2 45,
or with Vo =V, | ,
(32.4psi-29 7psi .2
b= Gsz, -z = PS;ZZ;? 7,2"")(""”4 ) sssofi-6824
R

or
h, ==5.17 ¥t <0, which is impossible. Thus, the flow is Jowii”, from (b) to(a).

&-/3




3.7 |

*8.17 Some fluids behave as a non-Newtonian power-law fluid (b) Plot the dimensionless velocity profile u/V,, where V., is the
characterized by 7 = —C(du/dr)", where n = 1,3, 5, and so centerline velocity (at r = 0), as a function of the dimension-
on, and C is a constant. (If n = 1, the fluid is thc customary less radial coordinate r/(D/2), where D is the pipe diameter.
Newtonian fluid.) (a) For flow in a round pipe of a diameter D, Consider values of n = 1,3, 5, and 7.

integrate the force balance equation (Eq. 8.3) to obtain the ve-

locity profile

= (n :'nl) (ZA{I;)I n [r("+1}/u _ (?)‘"“V"]

' h
(a) for any #luid Aﬂ‘-’-'z'—t so that with T=-C ( %%) we abilajn
Y r

@ﬂ"zc(%k) o dr"‘(ch) ’

g du (2C£)_(r‘ "dr w/wa/: inegrates 1o give

26£ T{nu) P + C, , where C, is a constant ()
T/?e flvid sticketo the pipe so that U=0 at r= L
Hem:e from E? [l)

(“'%) (n+ 1 (_5

50 f/)af )
n nii) 11
u= (n+l) (26£ ) [’r‘(-"_'*(_g_)mﬁ)]

*Nofe : Since we are cms;afen odd integer valves for
n we can vse 1he fact 1‘}79:1'} Ify 4

(48)'= — K , where K=0, fhen 41 = K7
so that _gﬁ
()  From parﬂa)
a1
uer) = (nu‘) ﬂc_) [r‘(nh—) +(D)( )] (n-H (2)

Let V= u(r=0) , or m+1) (7‘0_) (

Note = For 7= C(%‘,%) m/b 9% <0 and 1 an odd integer , fo have
T >0, wemust have C<0. Thus, from Eq.2), . >0 gs it must.

By dividing Eq.(&) by Eq.(3) we obtajn
(con't)

81/




48.17 | (con'h)

(%)

Lo | e
% |m r
This resvlt is plotted below for n=1,3,5 and7, with 0= (—%—)SI.

An EXCEL program was vsed fo do the calculations and olotiing.

n=1 n=3 n=>5 n=7
r/(D/2) u/V, u/V, u/V, u/V,
0 1 1 1 1

0.05 0.998 0.982 0.973 0.967
0.1 0.990 0.954 0.937 0.928
015 0.978 0.920 0.897 0.886
0.2 0.960 0.883 0.855 0.841
0.25 0.938 0.843 0.811 0.795
0.3 0.910 0.799 0.764 0.747
0.35 0.878 0.753 0.716 0.699
0.4 0.840 0.705 0.667 0.649
0.45 0.798 0.655 0.616 0.599
0.5 0.750 0.603 0.565 0.547
0.55 0.698 0.549 0.512 0.495
0.6 0.640 0.494 0.458 0.442
0.65 0.578 0.437 0.404 0.389
0.7 0.510 0.378 0.348 B335
0.75 0.438 0.319 0.292 0.280
0.8 0.360 0.257 0.235 0.225

0.85 0.278 0.195 BA7Y 0.170
09 0.190 0.131 0.119 0.113
0.95 0.097 0.066 0.060 0.057

1 0.000 0.000 0.000 0.000

r/(D/2) vs u/V,

ri(D/2)

8-15~



8./18

8./8 For laminar flow in a round pipe of di-
ameter D, at what distance from the centerline
is the actual velocity equal to the average ve-
locity?

For laminar low
u=V[i-&)]

Thos, if u=Ye = \é[l_(_-’g:)"] 0 0

-Q-q____L_b_‘

8-/6




§.19

8.19  Water at 20 °C flows through a horizon-
tal 1-mm-diameter tube to which are attached two
pressure taps a distance 1 m apart. (a) What is

the maximum pressure drop allowed if the flow D=1 0-3 m

is to be laminar? (b) Assume the manufacturing (1) } (2)
tolerance on the tube diameteris D = 1.0 = 0.1 ) =y —1
mm. Given this uncertainty in the tube diameter. ,"— ] =/ m ———J

2

From Table B.2 y=/.00x/5 *2
=1, aax/o-‘?_’":)‘_f

what is the maximum pressure drop allowed if it
must be assured that the flow is laminar?

a) Maximom ap corresponds 1o maximom V, or

= VD & 00
e i zp;im v _ 2/00(1x0° —-*)
Thus, V= = 5 =2./02
J 10°m

For laminar f /ow

o 2P D _ 328V _ 32(6 ) (Im)(2.10%)
=324l s 08 AP D2 (10

Thus,
Af’ = 6.72 X/O#,—n"'i,_

b) Since V=Lg01_ and Ap=£%_& if follows that

Ap = %‘—"ﬂﬂ 77)0.*3J the /ar‘yer the a//'amefef'j 1he
smaller the sp allowed to majntain laminar flow
Thus, consider D=11mm = ./x15m, or

-z N:S >
] _g.m’
ap = 32 (1x107 "2 ) (Im)(2/00) (131 5E5) _ s.05x/0" Ly

(1.1x103m)>

8-17




8.20

8.20  Glycerin at 20 °C flows upward in a ver-
tical 75-mm-diameter pipe with a centerline ve-
locity of 1.0 m/s. Determine the head loss and
pressure drop in a 10-m length of the pipe.

T ('2) 22 =‘ZI+‘£
P=/260-,£,(,i3
p=l.50 &2
For laminar flow in a pipe, m
V'=average velocity = 4y = $(12)=0.52 2 =jom
Thus, K
m
_ VD _ (126055)(0.5"2) (0.075 ) N
Re 7 1 50 %;_ 3.5<2/00 J L p=0075m
The flow /'sr f/”-man so that
V= LB where ©<90° L),z
s 2V (150 %3 )10m) (0.5 2) N
_ a2 _ 32 (.507%z)(1om)(0.5 5 mn k
aAp = ——Dé— + 0/ = (0.2’75”’),_ +(9.81'53)(126025) (1om)
= /.66)(/05',%3_ 5 @r Af=/66 kPa
Alse,

2 w2 )
4’—4—2,‘5‘%: %""Z,z +"§_?"+h/_ , or with Mz%.)Zz“Z/:jj and
£ = fotAP this gives

s N
A 1.66x10° 2.
= -y = —-/0m = 3, 4
W= L= Gamyrawy " = 245

8- /8



g. 2l

8.21 Determine the magnitude of the velocity gradient at points

10, 22, and 30 mm from the pipe wall for the flow in Problem
8.20.

For laminar flow in a round pipe Vf/iﬂl— ATy -y
. 2 _ ‘
un= VI ] P
or :
_8Y
5%=-2\é(%")(%)=-%z’*r =
Thus, D=0.075m

du _ -8($)r
dr= (o.o75m”* |
Also, y = distance from wall = L_p=00375-r

= ~/422r %, where r~m

Yy m ‘ rym l %%):!5-
0.0l 0.0275 | -34.1

0.02 00175 | ~ 249

* 320 Glycerin at 20 °C flows upward in a vertical 75-mm-diameter

pipe with a centerline velocity of 1.0 m/s. Determine the head loss
and pressure drop in a 10-m length of the pipe.

g/




3.22

822 A large artery in a person’s body can be approximated by a
uxbeﬂfdmmewrﬁ’mm andimgzh 035111 Alsoa&ﬂmethatbinod

aieﬂtto }mmmHg,Iftheﬂowmsmady (ins ndt) With V =
DZmJa&Weﬂwpmmmﬂmendorawmyiﬁtis ori-
ented (a) vertically up (flow up) or (b) horizontal,

V=022

@L‘f "‘ffﬂ%“!‘ 422*‘{02;) Wbef'e ,“Vz-"V m
and
A= Yh= 133 &% (0.120m) = I3, 9 X4

Also, /? = 9:-“— (799 38)(0. 2'&)(0 009/") = #50<2/00 Thus the

4x10° en’—,_

Pl Is lémfmr‘ s0 that

- = B _
f= Re 450 0.7%3

Hence, fram Eg.(1), p,=p, =¥ (2-2,) - % $oV?
a)-For flow vertically vp, 2, -2, =j so that

Xy ~y/ - f{- ;’p V= /5.75 - (9. efxfoa,;%")(ossm)

- o35m 2
e ol (2)(99? )(o.'zgl)

or
p=l5 965 - 3,438 — 0,108 = 2.2 kPu

b) For horizontal flow 2222 so fhat
Po gy =155~ 0142 D35 (1) (999K (02.2)"
" /5.9/{},@ - 0.10kL < /s.85 kA,

Note the gravitational effects are considerably mare important than
viscovs effects (3.43 kPy compared 1o O:l10kR,).

50



¥.323

" Becavse the tanks are the same diamefer B

8.23 Attime ¢t = 0 the level of water in tank A showanig P823
mzﬁaboveﬂmtmtmsz PIottheai&vaum»oﬁhe _

0.1-in. diameter, galvanized iron
BFIGURE PB.23

: _%L.*%".}Z:%J-i%i*,ZA.‘l’f%% P Wé.efe ﬂ-/z‘.—:o oﬁ/ VI"VZ“' (})

;L
At t=0, 2,20 and z=h,=2ff 5‘1 s @ | pe2u[T O

2,=4; and with 274, ) 2,=hy=42 . q;..\?_
we ob?'ai"n Z = }70 —Z, Ths, £a.( /) ﬁscamas

Z =2 *‘F“g' ig or 22 = h, 'fp zg )
Also, A, ( g'é) =Q=FD, where A=%0 w/')% O = 3ft = fank djameler
Thus, v - -( %r)z dz, ()

The maximvm Re = f%— oceurs when the head | 2,2, is greafest,
From Eq.(2) (with 2=h,) | h,= )(‘,E, Vmax '

Assome laminar flow so fbai‘ f=4L EARE 5% | )
T/ws from Eq.(%)

4]#4 L Vo = B2ubl _ _ID%e _(s2.48)(% oL (3 (240)
= m‘k IMX 4D max o" V/;}dx 32/”[ 32(234‘”651?_)(25”)

” A
or, (g4 %iﬂﬁ)(a %:._,)( ~ 0. 4624
Remx 2.34x/0% B2 = 3/9<2/00 The flow remains laminar.

Thus, Egs.(2)and (%) give
2Z-h, = -%%’—‘ 5 E?K i;{“ng—v or by using Eq.43)
by =~(3) 2L 3 2
Let F=z-42 so that 9 =92 apd £4.(%) becomes
oF -GV 2 o
(con't)

g-Al




g.23

(con't) '
or 0(5{+F=0 whers o= ,3.6311 ( )
wa:, __ _ fdl( i lnF-'"f +c where C=constant
Hencc, y
F=c ™) That is, 2, -)3’_3 =C& " yith the initial condition
z,-:h, when 1 2 =0, or C=he |

7‘/”,‘s _é?__g, = ho o~ (i)

-'-b-"-[He (f/ar)J Nofes As tco, z,— !%_

For the cancln’mm given, hy=2f and »
16(2.3¢3/0° 52 ) (25H4) [ 3 84
q= 0, 2.80x/0°
(62. 5‘#)(? Ly ((r’ﬂ)) s

Hence,

=]te (“m ki s Where Zi~ ft and t~s

Tﬁ;f: resvlf is plotted below, (Note glim FANED

25

2

1.5
=
N \

1

0.5

0 ;
0.E+00 2.E+05 4.E+05 6.E+05 8.E+05 1.E+06

t, seconds

E-d3




8.24

8.24 A fluid flows through a horizontal 0.1-in.-diameter
pipe. When the Reynolds number is 1500, the head loss over a
20-ft length of the pipe is 6.4 ft. Determine the fluid velocity.

v2
h 1(1) 2.5 s wbere since Re "/-500<2100 the flow
s /ammar.

Thos, f=6%/Re =84/1500= 0,0427 so that

B 2044 y?
= 0,047 (s
6.4 = 0.04 (0.1/121) 2(32.2 f{/s2)
or
V = 2.013?"

8.25.

8.25 A viscous fluid flows in a 0.10-m-diameter plpc such that
its velocity measured 0.012 m away from the pipe wall is
0.8 m/s. If the flow is laminar, determine the centerline veloc-
ity and the flowrate.

For laminar flow in a pipe
utr)=V,[1 -(2£)"] , where D=0.1m and u=082 af
Thos r=242 —0.02m=0.03gm

L [i- (%fﬁ—’”))z] or V= 1,892

so that )
Q = Z0*V =FD (05Y) = Flo.m) (0.5)(1.89-2) = 7.42x)0 > 2

8-03




8.26

(s)
(6)
(7
(89)

8.26 Oil flows through the horizontal pipe
shown in Fig. P8.20 under laminar conditions. All
sections are the same diameter except one. Which
section of the pipe (A, B, C, D, or E) is slightly
smaller diameter than the others? Explain.

15 ft 5ft 10 ft 6 ft 15 ft

sections

FIGURE P8.2G

@
For laminar flow in a horizontal pipe Q==-,% 2 where
0,9"03 = 05’ QD = QE 5 T/)MS %& o 'z#;c T/?e Jﬁm//es‘f

diameter pipe has the largest 2, where ap=¥h n _‘_ﬂH_

Let a= %e,zipeﬁ y bzéf)P‘PEB , ete —V 7
Hence, from the data inthe figure for the section between (1) and (2):

60 - b
5a +5b=5"(“‘]?5'§-), where a and b~ t¢ and 3'"-#3. (

Similarly, from (2) to(2)
156+ Joc= ¥ L£6748)
from (3) to (%) (46 -39)
loc +6d=¥ "z, @
and from (4) to(5)

/4d+15e=5'—fi’};_ﬁ ®

Eqs. (1) throwh (%) can be written as

atbh=00667
I5b+c = 0.0833¢ From the problem statement, # pipes are

c +0.6d=0.0583% the same diameter, one is smaller diameter,
d+1071¢=0.0774§ Thus, #of the 5 variables (a, b, c, d,e) shold

be equal, one Jarger than the others.

Assume a>b=c=d=e From Eg.(6) 15b1b=0.0833% op b=0.0333
but from Eq.(7), b+0.6b=0.0583 op b=0.03644
which is not the same as that from Eq.co).

ﬂswmmy b>a=6=d=e, or c>a=b=d=¢, or e>a=b=c=d [ead fo |

similar Tnconsistencies. However, /f we assume d>a=b=c=¢ we obtan

fromEq (5): a=0.0333 ¥ ; from £9.(8): the same valvs of a; from Eq. (7
d= 004178 ; the same valve of d from £q.(85,

(2)
[

(con't)

8-y




8.26

(con't)

Thus, a=b=c =e and d>a. That s, the small pipe is pjpe D.

Note : This resvl can also be obtained as follows. From Hhe
given data the pressure gradient (average) between piezometer
tobe locations js as shown below. _ |
o =GR = oo
g?(- = 0.400 d
7‘\4 = 0.438

\7\%&:’0-#5‘3
} : } X

PR e e
Given that all section have the same diametor excepi for one,
il follows (based on the different % valves) Hhat Hhe diameter of
section D is less than Hhat of Yhe others.
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8.7  Asphalt at 120 °F, considered to be 2
Newtonian fluid with a viscosity 80,000 times that
of water and a specific gravity of 1.09, flows through
a pipe of diameter 2.0 in, If the pressure gradient
is 1.6 psi/ft determine the flowrate assuming the
pipe is (a) horizontal; (b) vertical with flow up.

If the flow is laminar, then Q= 7';{,_‘&; ?25’"9)0 (1)

where §'=S6, o= 109 624 8) =5, otk |

and & o Jb s Ib )
,u=80,000/1»,,1,, = 8x/0*(LIskx|o® @) =093/ 23

a) For horizental flow, 6=0

Thus, from Eq.(1)
Q= E(f;x?###)(r’ﬁ)lf 646?)6/0"3-&3
128 (0. 931’ Y. =0 E

b) For vertical f/aw up, 6= 90
Thvs, from Eq.l)

~ rf(l6X/49‘- . - calt {HfJ)( 2 £1)" p— ;43
Q- 128(0.931 223) (!H) e

Note: We must check fgﬁgc it our assomption of laminar Flow is correct.
Since V=S = BEIXIZE _ 6 215 8 i follows that

7 (%)
2
Re= 12 = "”9(""‘";?3),(",5{“) (=t _ 6 084<2100

| G
The Flow is laminar.
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8.28

sG = 087
— (e
8.28  Oil of SG = 0.87 and a kinematic viscosity ¥ = 2.2 X !
10~* m*/s flows through the vertical pipe shown in Fig. P8.28 Y
at arate of 4 X 10™* m?/s. Determine the manometer reading, 96 mm
h. — —
E s4m

FIGURE P8.23

V= § = —‘——4){/0-“3”1-3 = /.27 % so that
A " Z(p02m)? = i

= /115 <200

_oVD _ VD _ (127%)(0.02m)
Re = 4= = 37 = 2,20 ¥ 22
The flow is laminar with

_ wlap+¥0)D* o, 12840Q
Q= ng,a}.’ ] fe= _7704— 2
Hence, with ¥= 56 §,,=0.87(4.81 %)= 8.53%% 4pd

p=vp= 1/36@,20=(2.2)rf'of"—g—’f)(0.97)0-000%%) ~0./9| _/Ym_~_:

Eq. (1) gjves .
128 (0.191 %%)(z,zm)(yx/o““%’—

= 2 kv SN
Ap = S e (8.53 53) (4m)(10%y)
Gf‘Af: 5‘-37"/0“’;,% = 4‘3.7%4/ (2)

From manometer considerations o ,
p! +J‘h! _ a;h h +3'/72 =fz 3 W/?E’/"E J;,, = 36,,,6;/;_0 =/.3(?.8! m)"‘/‘?-?’f%@

75 and h,=h- /72'*}, or hathy = h+l
vs,

PP =Ap ="8hoth) + 8, h = (&, - Dh -2 (@
Combine Egs.(2)and (3) 1o give
#3.7 % = (12.74-8.5) % |, - (.53 V) (4m)

or
h=18.5m
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8.2

s¢ = 087
—— @)
8.@9 Determine the manometer reading, h, for Problem 8.2.8 b
if the flow is up rather than down the pipe. Note: The manometer 20 mm
reading will be reversed. =

£a4m

FIGURE P8.29

gie

_Q_ #xI0s _ o m

v W ”(0 02 )3_ /-2-74\ KY/ f/’ﬂ]‘
B w_) Vo _ (1278)(0.02m) Al

Re =82 < 7 T 22x0% 2 T
The flow is laminar with

N W(Ap—a‘ﬂ)D* 284480
O="2647 — » or 2p ~f o= +A‘£ i

Hence, with ¥=S6 %0—087(5’8' 5)=8.53 % 4.4
WU=VP=Y S6 ypo = (2.20107 “m 2)(0.87)(1000%8,) = 0. /9 N,;,-“?

E{ (1) gives
_128(0.491 -,a?)(‘fm)(éwt’ ) +(8.53 %% 5 tem) (16

r - 7 (0.020m)*
or ;
ap= 1i9x10°H =9 K @

From manometer considerations

7= Oh A8 h=8h=fo, where &, = $6,%,,=/300.815%)=/2.7¢ 4,
aﬂd bZ :Z'}h-h, or Az‘*b( =Z+/7

Thus,

P pa=ap=8lhth)=8,h ==~ 8)h +dL €

Combine Egs. (2) and (3) 1o give

1.9 -’ﬂ _—(/z 74 - 353) h +8. 53 (6‘0:)
or

WNote: Since h<0 the manometer is displaced J—‘
in the direction gpposite that shown in the ).

original figure. i~

(2).

18.5m

b}
B N W N W O Y |

WY
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§.30
8.30 _'_A‘liquid-wi_m SG =096,u =92 X 107*N- s/m? and va- T
por pressure p, = 1.2 X 10° N/m*(abs) is drawn into the syringe
as is indicated in Fig. P8.30. What is the maximum flowrate if cay-
itation is not to occur in the syringe?

— 10-mm-diameter

0.12m
0.25-mm-diameter
0.10-m-long needle

BFIGURE F;8.3O
2 2 - )
Hidhrz= 81Kz, +6f-§+zx,)5‘; , Where g=10/kfs | 2,=g

V=0, 2.=002m. The masimm flowate will ocour when o fs
the minimm allowed * po=fy =1 Z-XM"‘;L;VZ :
a

Thus Va : |
! % = 4& * "5_“;‘ +Z2 "" ({—Dg £ }ﬂ-d’ﬂfraﬁct' ! /‘Eéx/#)’% J (0
2 2 '
wheres. Y, = .\%’ =Y(%)= V(%222 - 0.000625 Thus, Vs 0
and Eq.(1) becomes

(JoIx1~1 2x70% ) 2%
0.96 (4.60x15°LL,)

or |

122 = (267f+1)V* (2)

Assvme (becavse of the small diameter ) that the flow is lamipar,

Tst, f‘ 76?% == —Vr(f#ﬂ

D_ - ]
f= 64 (22x10" ) oy
098(999:3,) V (0.25x10"%m) %
Hence, from £q.(2)

{22 = (267 ‘ng/isﬂ)yz or 122V =(657+y)V*

Thus, '
V=+65.7V-122 =0 s, Which has solvtions

V== 65.72+ 65.7%“{1(/2.2)

: = 181 E, or ~67.52 (neglect the V<o
rool)

_ 0./ v
=0./2m +(‘c(__T‘azs’Zo- —)+o.5 +l)-—-——-——2 (26755

Hencs,
Q=AV="Z(0.25x5%m) (1.812) = 3,39)»]0"9.;_73."

Check if laminar flow: |

R e %VQ - o.qé{4??5‘;)(/.91%)&25”0'%)

¥ Ns
g.2%/0 -%z

=4#72<2100 (lamipar)
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8.32 For oil (SG = 0.86, x = 0.025 Ns/m?) flow of 0.3 m%/s
through a round pipe with diameter of 500 mm, determine the
Reynolds number. Is the flow laminar or turbulent?

SG ":jj/aﬂzo =0.86
fou = 0.86 <f)ﬂzo) =0.86 (??9) = 5‘5-? K]?AB
V-:. CQ/A = 0.3/§(0§)1 _— / 5‘3 m/s

- PVYD _ (859)(/.53)(0.5) _ y
[e ﬂ/ﬁ% - | - = R63 %0

queo! on tée Criterion that /?e-(?/DO
r'e/onesem‘s faminar Flow, this Flow

/s  Furbuleat.

£-30




2.3

8.33 For air at a pressure of 200 kPa (abs) and temperature of
15 °C,determine the maximum laminar volume flowrate for flow
through a 2.0-cm-diameter tube.

For [laminor flow, the maximum Fe value (s 2/00

fe = ;‘j’&b-:;?loo

V= 2leou
pB

To determine. air dessity, make use of idecd gad law

F=ﬁ /?T ol f) - P/RT
f “( ;’%?%(/207%/9) = 292 %3

\/isc«_sih/ has [ittle variaton with pressure , So ([t /S
feasondle. to assume. the use of +he stardand value
for air, M=1.79x/07%

N 2100(/.7“7)(/0"5) _ 9w/
v'(a.ya) (0.02) 0.7

/V{ax{mum lamener volume f/owr‘a%e

Q= VA - (0.78) (?f(aow’)
Q= 2.4x/0™1 s

53]




g.34

8.34 Show that the power law approximation
for the velocity profile in turbulent pipe flow (Eq.
8.31) cannot be accurate at the centerline or at
the pipe wall because the velocity gradients at
these locations are not correct. Explain.

1
e n i _ Vo @ -1)

H a=V[1~]", then G=F[-F]""(4)

i’ & d

?rﬁ = —F\g—[l—-ﬁ] " Thus, gg = “-,—,\%— , but by symmetry if must

" r=0 be zero.
Also _d@j = - V"[[-—[ (T"ﬂ)—- -00 sjpce (LZ2)<0 for n>/
] :

Pbysicali)f—:__w‘he Velochly gf'ddienf must be ﬁ'ﬁf{(e.
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§.35

5.35

profile for laminar flow in a pipe is quite different from that for 1.0 /
turbulent flow. With laminar flow the velocity profile is para-
bolic; with turbulent flow at Re = 10,000 the velocity profile
can be approximated by the power-law profile shown in the fig- r
ure. (a) For laminar flow, determine at what radial loaction you R
would place a Pitot tube if it is to measure the average veloc-
ity in the pipe. (b) Repeat part (a) for turbulent flow with Laminar with Re < 2100

As shown in Video V8Q and Fig. P8.35 the velocity

1 15

=) p—
V—i

R

Re = 10,000. osl  =1-[F
u’
5%
4V, b
—_—_— e
0 0.5 1.0

B FIGURE P8.35
For laminar or furbulent flow, 2
Q=AV=7TR"V = (udh = (u(2rrdr)=27( urdr
a) Laminar flow : , X r=:" X
TRV = 21 1~ (R Jdr =27y [B- §] =75V
Thus, V=4V, " For u=V =% fhe cquation for & gives
Y =%=1-(R), or (k) =% Ths, r=yzR =0707R

b) Tvrbulent flow g

|
T Vs
78V = 2V, [r[1-£] e = 278, (B8] (5
/] o

Let y*sl*(—%) so that ('5) =]-y and d(’;%) ’“‘7/)/
Ths, y=0 -
TRV = an . ((y)y % (dy) =278, (v -y*) 4y
y=I i
= 27R*V [§ - £ = 27R*V. (2§
or V=32V, For U=V'= 3L the equation for 'I% grves

Vs
V=5 =[I-F]" or £ =0750s0that r=o750R
c ———

Turbulent with Re = 10,000

)

#=33




736

Cbya=(n+1)@2n + 1P/ [4n*(n + 3)(2:1 + 3)].

8.3¢  The kinetic energy coefficient, a, is de-
fined in Eq. 5.86. Show that its value for a power-
law turbulent velocity profile (Eq. 8.31) is given

A

. -3
From £q, 5.86, = P£$ Vaz’/? where V= ayerqge Ve/aanly A= 7/'”/?
‘¥
du V[/ .L‘.] From Example 8.4, V= m 0)

Thus, with dA=2mr dr
.;a B hore San- zyfﬁ/’[ ETPrdr - 27/~Rvﬂ1-}']ydy

w/:ere y= -E- y=0 (1
Let x=1 )/so that y= I*X :md c/y=-:/x

Heﬂce +]
f[’ 1 dy ==( K50 - f()‘ -y
X=1
n_ %2
T h+s3 2n+3 !
Thus, : e
n?.
.ﬂ:’ }/] }’d)’ (N+3)(2n43) (2)
‘From Egs. (0),(1), and i‘za) :
_ 2TR*VZ Tmisyanis _ _(nt1Y 2n41?
. mR*[_2n* Ve 73 T 40 (n43)(2043)
(n+i) (zml)]
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8.3%

8.38  Determine the thickness of the viscous sublayer in a
smooth 8-in.-diameter pipe if the Reynolds number is 25,000.

Y
where W*=(F)" and %= 2 . Since np=fEtor*
4 fy2 e &
we obtain 7‘;=-%—‘ and y*= §1‘_\/
svD

VD ) or d:s = Re‘vgz' (n

)
L=
i
o}

From Fig. 8.20, for a smooth pipe with Re=2.5‘x10‘: f=0.024
Thus, from Eg. {é) ,
M i S f
S 2.5X,0¥ I’o, D% s————
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8.39 Water at 60 °F flows through a 6-in.-di-
ameter pipe with an average velocity of 15 ft/s.
Approximately what is the height of the largest
roughness element allowed if this pipe is to be
classified as smooth?

Let h rougfiﬂess height. Thus, h J w/;ere{

5
with u B2 ond %= %—ﬁﬁ, Since Ap f 2 0V* we obtain

= 8 or u SF V
For a smooth pipe with Re= il':_ - I){lsz{?? =6./9%/0° we okt
from Fig. 820 {_oo/zs

Thos, = (00’25) (ls—f) 0,593 &

or
Sy _ L2]x107°
(5_5 7 Sg,sq/_a ﬂ = ) = /.DZX/O ff

.
T ut

§-3b




8.41 A person with no experience in fluid mechanics wants to esti-
mate the friction factor for 1-in.-diameter galvanized iron pipe at a
Reynolds number of 8,000. They stumble across the simple equation
of f = 64/Re and use this to calculate the friction factor. Explain the
problem with this approach and estimate their error.

For fe =800D under standard conditrons, ¢he
f’iPe Flow will be urbulent.

JC—Lam:‘naf‘
f’__: é’-{/(.?e_: é"ygooo - XX /0%

f* Furbuleat

for galv:‘m"ZeJ iron Pipe, £=0.0005 ft
s, &p = 0.00057(%2) = 6x /077

7

Makmd We of the Moody Chart

f=0.04

ﬂ’é error (S In a-‘?:‘nj the laminar €§ua1‘z‘.:m
to calcuate the frichon factor whes the
J%w is Turbuleat

Tactval o foorblent — Q0% _

' T—‘. 0.008
-Flo\mmdr laminar

That is, the Friction facforis S time areater
than it 1he How were laminar,
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8.42 Water flows through a horizontal plastic pipe with a diameter
of 0.2 m at a velocity of 10 cnv/s. Determine the pressure drop per
meter of pipe using the Moody chart.

T/OC. /DI‘CSSMfc a/f‘oP n t’tle. /O/'/’)Q Can ée_ /%g.nd
From

AP -f§ B
ﬂe_ friction factor 1s Jelermmed fronm tHhe
Moody Chart.

ﬁeﬂ%‘,@ . (992)(0.1)(0.9) - /.85 10¥

[/ x/073
For flas'h‘c_‘ pipe E=20.0mm
% g 0'0/0,3 =20 0
From the Mocufy Chart

P=0.026
So AP per meder (£=1m)

" I 799(0.1)"
AP= (0.026)(373)[__;___]
AP = O.649 Pa per mefen
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8.43 For Problem 8.42, calculate the power lost to the friction per
meter of pipe.

AP = 0,644 Pu. per meser of pipe,V=0.im/s D=0.2m

Based on Quabpons n Ch.s, Power
Con he Fowrd From

F=(AaP) A 3
Q-VA =(0.1) (Z(0.3)) = 3.1 310> 775

FP= (06%#9) (3. 14x/07%) = 2.04x,02 N'm/s = 2.04x16 W
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8.44 0il (SG = 0.9), with a kinematic viscosity of 0.007 f%/s, flows
in a 3-in.-diameter pipe at 0.01 fts. Determine the head loss per unit
ength of this flow.

ALT—]Dé%i Where 4= 14+

for ';oe/“ Unit /e/yz”/: of /Of/'Defj
Delermine };;‘C'h‘o/) fac+or éaSea’ on /:))eﬁl E/b
Q=0.0| F% = VYA
v: 0, 0l - 0. ROF%

sz \2

(%)

_ VD _ 0.200( 72). _
ek e =l

Since Re is below 2100, thhe /ﬁ/ow ’'s lammanr
The Friction factsr can be Jedermined from

F= = Yoy = 8.7

b= (29¢)gp) 825 - pozap |
/Def Ff a/ja//oe_
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8.45 Water flows through a 6-in.-diameter horizontal plpe at arate
of 2.0 cfs and a pressure drop of 4.2 psi per 100 ft of pipe. Deter-
mine the friction factor.

FOf‘ o har‘f‘Zoﬂfal /DIP& AP: ,bf—ﬁ:/ov)z

3
L 2 %—: ;\1.0;‘*/;1 = /0.3 “%
T (&r)

Thas,

jC—_-. 2 :zﬂ‘JMQ“/W{%‘)
(992 (1o e) 0. 22)*

= 0.0300
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8.4é Water flows downward through a verti- D=0.0lm
cal 10-mm-diameter galvanized iron pipe with an
average velocity of 5.0 m/s and exits as a free jet.
There is a small hole in the pipe 4 m above the
outlet. Will water leak out of the pipe through
this hole, or will air enter into the pipe through
the hole? Repeat the problem if the average ve- * Ym=
Y

(i)

.1)“.
— =]

locity is 0.5 m/s.

z Z

az'%+{{-;+z,=t;,%+%+zz+f£‘£§, where p,=0, 2,0, (z)lﬁ[
=4, V=V2=V. Thus,

? 7(0 2g & ,or £= f"Dg 20V -0 With & from Tables.] “

= Qome 15 mn : 52)(0.01
Tomm = 0.048.  gothat with Re-'—%b— - (52)00In) = 4. 44x10"

12x10 42
we obfain f=0.045 (see Fig. 8.20). S
Thus, from Eq.(1)

A= 0045(00“” -L(qqq 3)(53"1)2-9800,-,,”-’-3 (#m) =/.85x105;,"1
Since f,>0, waler will Jeak ovt of the pipe when V=52

If V=052 then Re= 4%#46xI0 qnd f=0.052
T}w.s from Eq.(1)

2= oo.sz(om +(999 28 )0.52)"- 9800 L, (4m)= - 3.66x10% L,

Since ,<0, air will enfer the pips when V=0.5%2

Note: The above conclusion is valid reqardless of the length, /.
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8.47 Air at standard conditions flows through an 8-in.-
diameter, 14.6 ft-long, straight duct with the velocity versus
pressure drop data indicated in the following table. Determine
the average friction factor over this range of data.

LT RGeS s S g = ST
V (ft/min) Ap (in, water)

3950 0.35
3730 0.32
3610 0.30
3430 0.27
3280 0.24
3000 0.20
2700 0.16

2 2
%*%22,:4’;*%*22*{%%}' where V=V =V, ap=f,-f2, 2 =2,
77?!/-9, A&p’—' f'g"'z" PV" 0{ 'F= ip%zb— where Aﬁ:%ah

r
° — 2(%.”)(62"f#79) (f-%-#) = 7/8 x/gs h Where h"'fﬂ. 010 Wallt?f‘)

= g T VE ?
(o,oozsa—é?)ﬁffjﬂ) (50 s) VNEIJ‘;).
Calcvlated valves are given below:
V, f/min h, in. water f

3950 0.35 0.0161

3730 0.32 0.0165

3610 0.30 0.0165

3430 0.27 0.0165 .

3280 0.24 0.0160 The average valve of f is

3000 0.20 0.0160

2700 0.16 0.0158 [ = 0.0/62

Averagef= 0.0162 ave e,
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B8.48 Water flows through a horizontal 60-mm-

diameter galvanized iron pipe at a rate of 0.02 ¥ At :

m’/s. If the pressure drop is 135 kPa per 10 m of O ¥ = )
pipe, do you think this pipe is (a) a new pipe, (b) m 'g = J0 (2)
an old pipe with a somewhat increased roughness a3

due to aging, or (c) a very old pipe that is partially A= 135 kFa

clogged by deposits? Justify your answer.

For the horizontal pipe (2,=22) with V=V, the e”e,.'” equalion
@f—-}%’&- tZ, = éf— 4% +Zz+'F'§ % redvces o yo,—fz = {‘% ’ZLPVZ

or 3 lom 2
/35 x/0 -;n"-’i == %(7?9%?,)(7:0;3’2 , or f=0.0324

m
- Q _ 0025 m
where we have vsed V= % = _g————-—(a%‘;)z =702
- _vb _ (207%)0.06m) _ 5 € _ 0.15mm "
Wnlﬁ ﬁ)ﬁ‘— v !./2){/0-5_!‘?_2 = 3.79X107 and —b—":—é—b—’;’-m'—"'sz.Sx[as

for a new galvanized iron pipe (see Table8.1) the friction factor
shovld be (see Fig.8.20) f=0.0255. Since #his is less than the
actval valve f=0.032% the pipe is not a new pipe.

With Re =3.79x/0° and f=0.032% we obfain from Fig. 8.20 a
relative rovghness of & = 0.006. This is approximately twice
the rovghness of a new pipe — certainly quite possible. A very
old partially clogged pipe woold have considerably greater head

loss. Thus, the pige is anold pipe with somewhat increased rovghness.
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8.49  Water flows at a rate of 10 gallons per minute in a
new horizontal 0.75-in.-diameter galvanized iron pipe. Deter-
mine the pressure gradient, Ap/¢, along the pipe.

Imin 23/1/9 _Lﬁ’, n #
Q=10 I%;J(ga.s) /gal /723”9 )—'0'0223 &
Thus,

V= & - 0,0223 &

(0 e 'H)
Now, for a honzonfa/ pips

= 7.27 &

Ap= {’g‘ -zlsz where s/pce
Re =YD . 7.274 075#)

5
v L2/xi0° f:z g RN
and,
_E:__ = 0.0005 f4 = 0.008
# (2% 1)
it follows from F,‘g. 8.20 fﬁa{ f=0.037
Thos,
3 f b, 1H
-f 0, g_;zf({/)‘?(é‘.;/ays/ﬁ (2 flfe)” _ 504 P
Tz

0.211 psi/ft

n

)




8,50

8.50 Two equal length, horizontal pipes, oné with a diameter of
1 in., the other with a diameter of 2 in., are made of the same ma-
terial and carry the same fhuid at the same flow rate. Which pipe
produces the larger head loss? Justify your answer.

For either pipe h, = r4 'X;, where V=Q/4 = Q/(Z ),
Thus, % I
b= FE[#0/m00)] 12g = Bt £ 47

or

he[34] 4

Let (), and (), denote the |in. and 2. diameter pipes, respectiyely.
Thus, with Q,=Q, and £=1,, Eq. (1) gives

Muv L CR/DEY (6 VDX /N ¢ 2iay
ey "Efz/o,f) =(£) %) =(£)(32)

b
sl

. (2)
AHhouyh f#1{, (because Re, # Re, and €/D, # £/0;) +the

ratio §,/f, wovld net be 5f'qﬂ/'f/'cam‘/y dffferen{ than 1,
e:pecia//y compared to the factor of 32 in Eg.(2), For example,
assome Re; = 10,000 and €/D, = 0.00/ sothat f,=0.033 (see Frg. 8.20).
Thus, since

Re = VD/v =(Q/Z0*)D/y = -;g— /D it follows that if s, =/0 000
then Re, = 5,000 and €/b, = 0.0008 if £/, =0.00]. Hepee,
lcz = 0.037s0 1‘/7.4‘/ hl./ //Jzz =32 (0- 033/0.037)= 28.5 el

Similar resvlts wovld be trve for olher Re, £/D valpes.

Thos, h,, /b, =32(F/f)>1, The smaller pipe has the
larger head loss .

8- %6



8.52

8.52 Blood (assume y = 4.5 x 10~ 1b-s/ft*,
SG = 1.0) flows through an artery in the neck of
a giraffe from its heart to its head at a rate of
2.5 x 107 ft*/s. Assume the length is 10 ft and
the diameter is 0.20 in. If the pressure at the

()

beginning of the artery (outlet of the heart) is ot
equivalent to 0.70 ft Hg, determine the pressure
at the end of the artery when the head is (a) 8 ft =020

above the heart, or (b) 6 ft below the heart. As-
sume steady flow. How much of this pressure
difference is due to elevation effects, and how
much is due to frictional effects?

%4,__“2, Gri ko +f:+?r£%; where Vi=Va=V i
and- « 4 D
V=% = ;5";‘;_ /./9‘6{1 Thus, Re = _Ql/’ or
) ’
_{!5'7:.' 1, 1
Bos (1.94>E)( ;"‘i s) (% =823 flence, the flow is laminar with
4.5x10° 22
f‘=£§. . 8@_“3 = 0.0778

Also, o =%, h =(3‘5‘7,1%)(0.70H) =593 %

Hence, from Fg.(1)
o= p —T(2-2)- szeVI

a) With 2,-2, = 8,
pu= S8 g ~(2# 18, ) (8) - 0.0728 [5s (i)rm (1 L)

12
=593 fcﬁ’; 499 16 ”’ 595’5 —3#.57{%

MNote -'—479{.—1,5, /s Jue to elevation , - 59.5 /s dve to friction.
b) Wh‘/) Zz_z.r = "6f7‘

£ =593 Hz-(o’zﬁ )-¢f}) - 0.077g L2 (—‘Eﬁ (—L)(/# L) 1144 ﬁ)

—5;?3ﬁlz + 374 i -Sash = 908 16, L

Note : 374 g is due fo elevation, - 59.5% s dve tfo friction.

-7




[ F.53

8.53 A 40-m-long, 12-mm-diameter pipe with a friction factor of
0.020 is used to siphon 30 °C water from a tank as shown in Fig.
P8.53. Determine the maximum value of k allowed if there is to be
no cavitation within the hose. Neglect minor losses.

The mj):imum | pressure s the vapor pressure Py = 4243 kP (abs)(7able B.2),
Assume the minimom pressure s af fhe ;‘op of the hose Loy, We will

check this assvmplion affer we obtain h.
Thos,

Zy=7m, V=0, 3=V, and g,=4.2%3kPa(abs). Thus, with f=0.02

(101-% 243) k8, | + ( 1om v: '
— = +0.0
e A () 2(4812%)

or
V=2.562
Obtain h from . . ,
%"’"'zlg:*zf . é’-w‘g‘%uz +f§'a‘§, where g, =0, V=V =2.56
22..: —AJ dﬂd [:#gm' Téd;‘js’ w,'fﬁﬂ:‘ﬁga

e b 3 40 2.56 ) _
3m=-h +(l+0.02(o.01fm )) 2([?.81{3;) yor h=]9.6m

Check if minimom pressure oceurs at (3). Copsider point (4)

2 2, 2

F’“"”_’ %’é+aﬁ+zy=ﬂ§,&+$+z’z+f—é‘-% with g, =0, =V =V
we oblain (sJ’\

P4=6‘(2’z-24)+f-§f’pl/‘ If we yse Z, =0, then S
fraﬂ? fhe figure ¢ —_é: =539  orl=l1282, | ”
Thus, h+7 =26.6m %\

2
£y = 98014 2,) 1(0.02)( L2821 g by s LU——

or 3 3'
A7 (-9, 80x10" + 6.15%10° )2y = -3650 2,

Thus, . decreases as 2y increases. That is , The minimm pressvre
oceors af section (D as assumed.

§-98




8.54

8.5Y4 Gasoline flows in a smooth pipe of 40-
mm diameter at a rate of 0.001 m?/s. If it were
possible to prevent turbulence from occurring,
what would be the ratio of the head loss for the
actual turbulent flow compared to that if it were
laminar flow?

Let ( ){, denote 7’/13 torbolent Flow andzf % the laminar flow.
7hvs, Py = % E% and blj =1 %T\; 0

WAEI‘G m3
V=V:V = Q =______O.00/_5 -.—_0,7?{..@-
e A -g(o.offm)z =

From Table /6 (9:680% and u =3-/X/0-¢%-f so that
ki m
Re =%/1_) b (680:%) (0.7965%) (0. 04t m) =6.98X/0“

-4 N.s
3./X/0 -F’"i'

//eﬂce, From /'77. 8.20 3 for a smooth plpe ;5::0.0/?2
while for laminar flow 75 = % s -27;—?”—# = 9./6x/0"%
Thus, from Eq.(1) ‘

bz:#_ft_ 0.0192_ _ .
hy f  9sxt ==

|

§-41
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8.55 A 3-ft-diameter duct is used to carry
ventilating air into a vehicular tunnel at a rate of
9000 ft*/min. Tests show that the pressure drop
is 1.5 in. of water per 1500 ft of duct. What is the
approximate size of the equivalent roughness of
the surface of the duct?

+z, %4 +Z; +fD;?, where Z,= Z2, 'V;=Vz, and (i)

s 'ﬂ = //’_0 (52 4;{3 ( H) 7.80 gg)z

,Q/_c;o, V""g' ?000#—)( Imm 2/2—&

Z(3r)?
This, from Eg.C0~ pp, = [ £ 40V* 4

[ 2000 _ 203f)(7804) .
eLv* (2.38)(/53_%)(/500{{)(2/ 287 0.0292
2128 (3f)

From Fi /y 8. 20 w,/b f 0.0292 and Re-' VD _ 157%/0 4{{1 =405%/0°

we obtain -—— = 0,004% Thus, €=0.0044 (3f4)= 0. 0/32 ft
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8.57 An optional method of stating minor losses from pipe com-
ponents is to express the loss in terms of equivalent length; the
head loss from the comporient is quioted as the Iength of straigh

with the same diameter that would gencrate an equivalent loss. De-
velop an equation for the equivalent length, £,

l
I
e,

=

Q¥

hLmMor‘ -

The /Di/be /\Mﬁéé From e Major [ oss
Can ée asa/ ‘o Pe/ﬂc..ce/tz“ t’ﬁ:c e?a:‘u‘q/e/zﬁ—
/&49'2‘4 ) jeg,.

s {’54" Wﬁj = KL V%ai
f:%?- = KL-

je?‘ i K7LE_

55/
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For ?()O threade d e/éou), KL'-'/ s
For Co/D}oer /o,'/oo. (dmwn 1_‘M[,,;:z/43J E=0.000005 f¢

So
e _ O.000005 _ SAID-T

D~ (0'75-//2) -
From ﬂ/foody chart (u)éo//y Eprbuleat f/O“J.)

f= 0.01l5

-_L_M/li)- 515 [+

o olls




8.59

8.59 Based on Problem 8.57, develop a graph to predict equiva-
lent length, €,q, as a function of pipe diameter for a 45° threaded
elbow connecting copper piping (drawn tubing) for wholly turbu-

lent flow.
- KD
J?e?_ = —J-c“-——

For 45° threaded elbow, A/L =09
5/‘ coﬁaer fub/“flf (Jram :‘u@:-"?)) E=0.00/5 mm
To caleulade £, use altemate form

i e\, 6.
7F = 1542)(22)" v &1

For Wéo//y f‘ufbu(e/lf f/ou), assume /fc ‘= f)(/0’7
This is large enovgh Re 1o make f essentially independent
of Re (see Moody chard, Fig, §,20),

D(mm) e/D f |_eq (mm)

30 0.00005 0.010602 1131.8
15 0.0001 0.012025 499.0

3.75 0.0004 0.015932 94.2
1.5 0.001 0.019678 30.5
0.375 0.004 0.028474 5.3

1200.0 S

1000.0 / |
800.0

600.0 /
400.0 /
200.0

I_eq, mm

D, mm

g-§3




| 8.60

8.GO0A regular 90° threaded elbow is used to connect two
straight portions of 4-in.-diameter galvanized iron pipe. (a) If
the flow is assumed to be wholly turbulent, determine the equiv-
alent length of straight pipe for this elbow. (b) Does a pipe fit-
ting such as this elbow have a significant or negligible effect
on the flow? Explain,

(a) h, = KL%;- , where from Table 8.2 K, = 1.5 for a 90°

threaded elbow.

Alsa,

feq = —I%Q', where from Table 8.1 £=0.0005ft for 4
galvapized iron pipe. Thvs, with
/D =0.0005t/(#/12)ff = 0.00/5 and a very
large Reynolds number (s.e. wholly turbulent flow)
it follows from Fig. 8.20 that f= 0,02,

Thus |
Pl Y *
e LI 53,51

(b) In general h, = }ﬁ_% + ffpg';};‘ = (K_’rf%);};
or 2
h = fﬂg‘[‘ﬂ% since Kf—f-%’f
Thvs, whether or not a pipe Tilling svch as his elbow has 4
significant effect on the flow depends on the relative size of

Z : (223.8F for this case) and the fpipe /eny)% { If je? «)
then the fithing /s negligible.

8- 59




8.6l

Flow reducer washer

8.61  To conserve water and energy. a “flow
reducer” is installed in the shower head as shown
in Fig. P8.61 If the pressure at point (1) remains

constant and all losses except for that in the “flow Q/
reducer” are neglected, determine the value of

the loss coefficient (based on the velocity in the

pipe) of the “flow reducer” if its presence is to

reduce the flowrate by a factor of 2. Neglect grav-
ity. FIGURE P8.G|

50 holes of )
diameter 0.05 in.

A
Vit

2 2
WH}MU* )%e redvcer % +§_‘% tZ, = 42 o -‘%-&ZI_ P where ﬂz =0, 2,52
an

Q _ 4Q 4Q
=X = = = 7330
7 " 70 = 7 azgy

= Q_ 4Q 5
Z-E—SOF(Q;’Q,_EH)Z =I#67Q (V and Vo~ & 4pd ~%)

Ky

e s

With the flow reducer the flowrate is reduced by a factor of fuo.
Thus, V, =%(7339) and Vo=4 (1467Q) with @
Ly Y= Wy W o g o= do(W2 K-V )

an 2; 2_; L 2
Hence, by combing Egs. (1),(2), and (3) we obtain
8.07x10pQ" = E.LP[ !%Qq)2+(m-l)(7_§:§62)z]

or
K, = 9.00

§-s5~



8.62

8.62 Water flows at a rate of 0.040 m*/s in a 0.12-m- D.=0.12m
diameter pipe that contains a sudden contraction to a 0.06-m- / i D:. =0.06m
diameter pipe. Determine the pressure drop across the contrac- b
tion section. How much of this pressure difference is due to W
losses and how much is due to kinetic energy changes? e 3 .

BY chang (N @=0.04Z ] @

éL-}zv' +Z = %—4— +z.z. [_g\_/; s where 2,=Z;

i r Q _ oo+
V= " Z(0.12m)* =t Vﬁ”z_—’f(o oém)*

Thus, with '%‘ (D;_) (006”’) 0.25 we obiain from Fig.8.30

O./2m

=412

K,;= 0. 4o
Hence, from Eq.(1)

f/ fa= 2 P K,_V22+ sz_viz] =-_L(¢q? f;g)[o.#a (;t/-,/é”-)"+(/lf,/is”—)z~(3.54gl)j1

f’f”ﬂz- 39.7%/0" s + 93.0x/0° X = /33 4P,

This represents a 39.7 kP drop from losses and a 93.0 kPs drop

dve o an increase jn kinetic eneryy.

im




8.4

8.4 (See “New hi-tech fountams,” Section 8.5.) The foun-

tain shown in Fig. P8. G"I is designed to provide a stream of
water that rises h = 101t to A = 20 ft above the nozzle exit in J_r
a periodic fashion. To do this the water from the pool enters a

pump, passes through a pressure regulator that maintains a con-
stant pressure ahead of the flow control valve. The valve is elec-

tronically adjusted to provide the desired water height. With
h = 10 ft the loss coefficient for the valve is K, = 50. Deter-
mine the valve loss coefficient needed for 4 = 20 ft. All losses / ; '
except for the flow control valve are negligible. The area of the Pump Flow control vaive

Pressure regulator
pipe is 5 times the area of the exit nozzle. IR URE Aaah
For any height h,
v* 2
'ﬂ-h?l*-i;_bl. gé'*zl ; W/JEI‘e Z; =0 Zz— h"'lfﬁ /2_"0 0,
Thus, and h- LAY

414 k-

For h=10#: (I(,_—-So)

£-z- -,;;Hg = (Joff +441) +(50-1) 2k } !
Also, from (3) 1o (2):
%“f}?g'}' 5\-/;- = ﬁ-+z,_ ;‘ where ﬂz:ﬁ.rg) 27_—23:/7) aﬂd W =zo
T/w&;
2

=h or V3=‘V27}T @

) farh=luH Vs Vz(szzﬂ)(;gﬁ) —25,,“?4
Also, Vi, =Vohs so that V, =2, =Lzt = sontt
Herlae Eq.(2) gjves

% /4#“&?(503“)/(2(327- 3)) = 33,6 ff

For h=20ft, from Eq. (3): Vs = ()22 8 )aotl) = 35.9 %
Hence, V, = 31/3 =(£)(35.94) = 7/3ﬂ
Since £ is camﬁm{ (independent of h), H)e valve =336 obtained above for
h=10tt is also valid for h=20H. Thus, wilh 2, = h+%/# = 2o+ 4 = 2411 & £.01s5

33,644 +(7218 8V /(2(32.2 /%) - K (2002Y/0 2(32.2 f/57) = 24 #4

or
K= 13.0
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.65

#8.65 Water flows from a large open tank through a sharp-edged
entrance and into a galvanized iron pipe of length 100 m and di- o .
ameter 10 mm. Thewaterexm&epzpeas&fx&jﬂatadmee : f

h below the free surface of the tank. Plot a log-log graph of the _?_ y D=0.00m
flowrate, Q, as a function of k for 0.1 < h < 10m. —
e =TT

; 3 2
ﬁ-f;;.;z, Iﬂ?'—+—v*‘—+21 +(f-g'+/ﬂ)§§_’ where £=9,4%=0, z=h,
£220, Vo= Vm{zz 0 Thus,
h= (*fp '”ﬁ.)zg where from Fig. 8:25 K 0.5

If the How is furbulenf then from Eq 8.356

/?JJH )'” 5'9]

That /. /S‘

The maximom h for laminar flow oc:cw:s when Re =2/00, or from £q.(2)
2./00
V=-gs35=02352 4 =55 2,00 = 0.030%, Thes, from Eq.0)

- (1L.5+/6,000(0. aao:.:))(o 235 Iy
h= 4.6 = 0.86/ m

Thus, for h<o. o1 m the flow is laminar. For ) >0.861 assome flow

is torbvlent.

For 0.1 m<h=ion solve Egs. (1) (%) and (3) or (¥) c/ependmy if h<o.88/m
or h>0.88lm to obfain V. Then

Hence,
h= (1+{(’0°"’ )+05) (98!33 or /qsh (L5+1000f)V* with 0
' hem, V22
/NSO M— = 0.0/5 (see Table 8.2.)
and '
Re'zyﬂg=%%g_v—“ or Re“8?30v : (2)
If the flow is laminar, then f‘—R- (i.e. Re <2100) 0)

ﬁ’ ==f fﬂo;[‘/ 05X/0 % 6,7 j @

0-"3‘"0 Ve=F(o.0m'y = 7.85x10°y ¥ , where Y~ 4 (s)

For laminar flow (i.e, f <0.86!m) Egs. (1) (2) aﬂd(-?) g9/ve
84
1. 6h =[15+10% 5L Tv"

V + 478V~ 13.1h =0, which can be solved vsing The quadratic
equation fo give

V= -23.9[£71 +13.1 h] Sr'nce V>0 we can disregard the *-

(Con’t)

”f‘aﬂ’.

§-5%




(Con’t)

T hus Using @ (5)

Qs}'/, gfx/a‘[—ai?-f—(;?/wﬁ/h )"f?j for O<h<).86lu @)
This €ouation was used in o AS Excel spradsheet Lo

Fud Q as a )Caxzcﬁbﬂ of 4 /Cb/ (ameitenr fo e

o el
NOTE ¢ The coefficients oF Eg. () must be very precsely
given because for small values of 4, (5'7/4—/\2[4)%&-‘,73,‘7

So tn the spradsheet
Q=7.85x% /0—5‘[-;73,93?5/,«- (570. 7087 +13. 0é¢4,é7z,)‘5j

For h=0.86Im, Egas. (1),2), and (4] were used ;2 +he
6/9f\eod_cheez& t0 manuadly V#rate 0N fi Egn (5) was used

o Fad Qlh).

Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new).

h,m f(guess) V, m/s Re f(new) Q, m*3/s
0.100 2.15E-06
0.150 3.22E-06
0.225 4.82E-06
0.338 7.23E-06
0.506 1.08E-05
0.759 1.62E-05

1.139 0.0639  1.87E-01 1667 0.0639 1.47E-05
1.709 0.0604  2.35E-01 2100 0.0604 1.85E-05
2.563 0.0675  2.95E-01 2636 0.0575 2.32E-05
3.844 0.0551  3.69E-01 3298 0.0551 2.90E-05
5.767 0.0531 4.61E-01 4114 0.0531 3.62E-05
8.650 0.0515 5.73E-01 5116 0.0515 4.50E-05

12.975 0.0501  7.11E-01 6353 0.0501 5.58E-05
1.E-04 = : ; . =
i !
/ H
A
(]
£ 1.E-05 { | i,
d ] = -
y N
‘ | |
1.E-06 | | WEE
0.1 1.0 10.0
h, m
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8,66

8.66 Air flows through the mitered bend shown in Fig. P8.66
at a rate of 5.0 cfs, To help straighten the flow after the bend,
a set of 0.25-in.-diameter drinking straws is placed in the pipe
as shown. Estimate the extra pressure drop between points (1)
and (2) caused by these straws, \_\

Tightly packed 0.25-in.-diameter,
12-in. long straws

FIGURE P8.66G

The exira pressere drop , ap , is equal tothe pressure drop thravgh the
/6‘!29#7 dlc the straws minvs the pressvre dro,a in thal 12 in. / eﬂy)’ﬁ of the
pipe withwt the straws. That /s

.
AP =Af ~Afps W/?c’re Afs = f +oV* with V— , =6378

Z(Zq)
Also, Re= %Q %‘%ﬁ—’ﬁ = 4.06x/0% I we gssume f/)e pipe is

S‘MW’%_’ it follows from Fig. 8.20 that f=0.0215, Thys,
A, = 0.0215 (Z22)(4)(2.38x16° 58 ) (6378 = .oy x5 o, ()

With the straws in p/qce afs= f 20V* where the valves of f, D andV
and different than these wed above. In gene/‘a/
the Flow 9eomeff'y /s qunle camp/ex — flow fﬁf‘ﬂdyﬁ the
straws and flow in the gaps befween the straws. For
simp/f'c/)jg assume 1he 9aps act as a circvlar flow
area of diameter D 2 D=2 (0.25in)=0.09381n.
Thus, in each 0.5 in. b/ 05”7 cross secf/m there N+
are 4 sfraws or a fotal of N = 4 L0 é)’z: )[I(Il m)] straw
ce. N=1/8/0 d/‘aws
I the Flow is Jaminar, then @~ D so that Qgap ( 0.0738n. ) =0.0/98

54 0.25n.
That js, OﬂQ// about 2% E{ the flow /s in )'/)e ?n:; region — neglect this amomt,
Ths, V= o =8./0
f/encje, WA 1852 1) )

( O'Et Q.25 %25 pf ;
B \LD 8; é 7)()”5 Z FP_) =/070 <2100, the flow is laminar with
s

_ g4 b 12, -3 2
f< % = To7o~ = 0:0598,0r 4R =0.05%(50 YA ) (o3 ) 5,10

o ap= 0.224 #1 Hence, when camﬁmed with rew/;’ )
Ap = AP ~4f,. = (0.224 ~0. 00/05‘) = 0.223 -?-a
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8.67

8.67 Repeat Problem 8.6 if the straws are replaced by a piece
of porous foam rubber that has a loss coefficient equal to 5.4.

foam rvbber

FIGURE P8.G7

The extra pressure drop, ap, is equal fothe pressure drop throvgh the
leng?h of foam rubber mines the pressore drop in that /2 in. Jength of the
pipe wh%wf ffl& foam. Téa{ I's 4

#
sp=aft-afyr , where afy={EdoV with V= §=F2 5578

2
ﬂ T
.37
Also, Re= _l_;%D_ = {%;f;-—g_%) = 2.06x10% IF we assome the pipe is

Sﬂmﬂ]%_’ it follows from /-7; 8.20 fhat f=o0.02is, Thos,

12 n. -3 gl 2 -3 Jb
AL, = 0.02:5(n_}Z)(—,_L)(z.sax/f%f%)(ﬁ.a?{f) =1.04x0°8, )

The pressure drop dve to the foam is
Aﬂf = K[_ 'iLPVZ
2
= 5-‘:‘(%){0-00138%}*1)(6.37{11 = 02418,
Thus
AF =Aﬂt ’AF’H‘ = 0.25/ _HJ. -0.00/104 ﬂ;_ = 0 FF‘

—
—

&-6l




8.68

8.6¥  Asshownin Fig. P8.68, water flows from one tank
- to another through a short pipe whose length is n times the
| pipe diameter. Head losses occur in the pipe and at the en-
trance and exit. (See Video V8.10) Determine the maximum
value of n if the major loss is to be no more than 10% of
the minor loss and the friction factor is 0,02.

MFIGURE P8.G8

I by = 1028, g, Hhen
v?. 1 V:L - Z K
IO'F'[%Z;'_ZKJ_;};‘ or 'g"fo{_-L (1)

where 5K, = }ﬁe”#ance -l-/\;_ex# =08+] =/¢8

TﬁVSJ with f=0.02 and 2=n)D Eq. (1) becomes

add o LAk
D 9(002)
C o oor
n=49
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8.¢9

8.69  Air flows through the fine mesh gauze
shown in Fig. P8,67 with an average velocity of
1.50 m/s in the pipe. Determine the loss coeffi-

cient for the gauze.

Gauze over

‘ /end of pipe
(2)
—V = 1.5 mbs . P

0"1""1lI'"ll"""”'-l".ﬂdl‘l"

FIGURE P8, 69

Bz = ﬁ;._Juzz fﬁ_z;,wﬁerez =%, Vy=lh=V=/52

“y

77703,}{1_2(: )
pv

Hence,

2 (78.4 %)

W/) ere

P==0 and g, = 8mm waler

or £ =(8x/0” m)(?soxlosﬂ Y= 78, #o L

.KL_.,

(1232215 2)

= 58,

N
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8.70

8.70  Water flows steadily through the 0.75-in. diameter
galvanized iron pipe system shown in Video V8/4and Fig.
P8.70 at a rate of 0.020 cfs. Your boss suggests that friction
losses in the straight pipe sections are negligible compared
to losses in the threaded elbows and fittings of the system.
Do you agree or disagree with your boss? Support your an-
swer with appropriate calculations. 90° threaded

2|bows 0.60 in. dia.

Reducer
1 in. length

4 in. length Tee

Closed ball
valve

Major loss = f'g ,“:jg where

f-—- (6+6+4+])n. =/7,‘,;,J D=o0.75p m FIGURE P8.70
and
&___ 0. ozﬁ - 452 1
17-‘(0 75/12) {2 s =
T/IV.S‘J wﬁ% (075
Re = X2 = f22¢ = 3.372/0% and

v L2 x10°% ,{i"

% = o.(ooosg) = & /0 (see Table 8.1) we obtajn (see 57 8.20)
5 17 in.
f=0.038 so that f%;‘é =0.0 807\,; —2{;— 086 33
Also,

Minor loss = ZK“; [2(/ L), ;2 4015]25; = §./85 57 ;

90° elbow €8  rodvcer w;'#;_gé v .9'_‘5_"5'-)2=0.69‘

! 0.75 i

Fig. 8.26)
Thos, from Egs. (1)and (2): (see Fig

major Joss _0.861 B
‘minor loss e j_z = 0,187 = 1627,
Gl

Probably disagree with boss because pipe friction /s abovt
177, of other losses.

Q =0.020 cfs

(n

(2)
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573
8.72 Given two rectangular ducts with equal cross-sectional area,

but different aspect ratios (width/height) of 2 and 4, which will
have the greater frictional losses? Explain your answer.

The duct withhe 7rea+a-laszres;s the one with the Jargesi head|oss
perlength , h, /4, where Jj, = f = V. If the areas are efz/a/ then the
velosifies are equal since V/<Q /. s

Lef () 2 cmd ( ) a/er)m’e a’uofs w:fr/ﬂ m/oea’ rm(/ﬁs mp b rma/ 5" feJ/oec//Vf /
T/)Vs

(h, /1?) T W L0d (h, /), = B W , where W, =lj.

Db D/lz
Hepce, ¢ F ¥
(h, /03, /Che /1) = / =% Dy 0
2 D/’
Let A, =(2a)a a[::] '
and 24
A‘/- = (%ﬂg ) %l L ng
T/?V.r S/ce A ”ﬁ% ik
andZa ‘%%‘ 3 or 061, V~
D, = 4h /P, = %(24%)/[4at24] =Za =1.33a @
and
by, = 48/l = #2a)/[argal = BE g2 3)
so that
Dy, %
—Ef; :iﬁ;[— — jViZ = 1,179 so that ch. (1) becomes
5

(h./1), /Ch/h), = 1179 £ ’C*‘
(4)

In qeﬂeral f=f(Re, £) insveh a Way thai I1C D lncrem’es f increases
and if Re decrgqses {increases, This is seen from Hhe Waap/y
chart as Widicatsd Belsw.

(con't)
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8,72

(con't)

[aminar
: iy & /h/rbulelﬁ
(2) 4)
E/DDJ,L
(2) E/Dhl
Reh
. £ £ :
For a given &, (Dh)xf >(-5;))2 Since Dh¥< Dh;, (See Efs, (2) and (3),

Also, since Rez= VD, /¥ H follows that
Reh‘f <Reb2_ Since Dﬁec<D/)z_ gﬂp{ V;_:V:,L.

This, whelher the flow is [ammar or torkolent if foffows
$hat f‘f s H follows from .57. () that

(h /L), /(b /4.)>!
Tha is, the dvel with the asoect ratjp of % has Hhe greater headjuss.
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8.73

8.73 Airat standard temperature and pressure flows at a rate
of 7.0 cfs through a horizontal, galvanized iron duct that has a
rectangular cross-sectional shape of 12 in. by 6 in. Estimate the
pressure drop per 200 ft of duct.

For a horizontal dvct aAp=h, = f'ﬁ;ﬁ’:fﬂf'z where V=3

or 7 .é‘f,

with

44 _ 4<(05Hl) 467 1
o= P “(z2+0H o
Thus,
RS - (10 08678) _ 5.95x10"

h 1.57x10 ¥ &£*
Also , for galvanized iron €= 0.0005 f} ,or
From Fig. 8.20 we obfain f=0.0227
Thus, from Eg. (1) with £ =200},

200 H _L
ap =(0.0227) 5500 2

£
Dy~

4 _ VD,;
V= (I?-m)(ém)( I'HZ ) "/“aﬁ C?/?J /?6

0,0008

0.667 4

=0.000750

(2. 3axm‘3§!f1)(/40f.) = /.59 ;{,—- =0.0/l0 psi

()
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8.74

8.74  Air flows through a rectangular galvanized iron duct

of size 0.30 m by 0.15 m at a rate of 0.068 m?/s. Determine
the head loss in 12 m of this duct.

\
a/ 2[0 3m +o.;5m_']
an b
= :__MB;_,T__ - m ___VD/’ (;5/.&1)(02,”)_
V % (0'3,”)(0'/5-”,) = /.-5/ K3 ﬁ/&o\, /th 7" IQJX/D-:_&-I 20 700

and from Tablp 8.1,

g __L_O"S’;"d”’ 7.5x10"% Hence, from Fig. 8.20 f=0.027
%~ 0.2m

50 that

nm\2
0.027)(12my _(5Is)
h=(002NED) S raarm =.2./88m

8.7%

8.75 Airatstandard conditions flows through

a horizontal 1 ft by 1.5 ft rectangular wooden duct
at a rate of 5000 ft*/min. Determine the head loss,
pressure drop, and power supplied by the fan to
overcome the flow resistance in 500 ft of the duct.

Lmin_
h, 'FD 25, , where V=4 = (5?7237?!{;;5) = 556 4t
Dh_ z,e/g _ 4:(1#)(;.5#) = Ja -
;}74 h~ P T 2[)ft HsH] "
So £
Re = Y# = Gf;:/ifiﬁf) = 425x/0° and from Table 8.1

Ez 0,0006ff to 0.003Ff , [se ap ”aueraye”é::0.0alB #H so that

%h =-Q'72—-:(ffi =0.00/5" [, Aw, from H'y, 8.20 f=o. 022 or

500 ff \ (55.6&)
b= (0.022)( =77 2(322ﬁ) = #%0f

For his horizontal pipe # + L *Z; b1l gt 221 where 2,=2;

and V=V .

T/ws, P fo= ¥ =(7.653107" &) (#30#) = 33.7 16, = 0.234psi
P=¥Qh, = Q (p,-p,) =(s000 ﬁ,,,)( 1) (33.7 1) =(agyo L ’5)[(55 < ;5)]
or
P =514
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8.76

8.76 Assume a car’s exhaust system can be approximated as Va
14 ft of 0.125-ft-diameter cast-iron pipe with the equivalent of . [ - ="
six 90° flanged elbows and a muffler. (See Video Vg./2) The : K =8 52
muffler acts as a resistor with a loss coefficient of K, = 8.5. 1)) L Im
Determine the pressure at the beginning of the exhaust system ‘l K ,=0.3
if the flowrate is 0.10 cfs, the temperature is 250 °F, and the Lel )
exhaust has the same properties as air. (Table 8.2)
, ¥t é
@' +ZI "% +Z t(f +2K )zg} where Z,522 , 0,70,
ﬂﬂd Q o, /L
=V = < S 1
Veli=Vo =7 = 77__?#_2' 8.5 % Ei
b 1 / o? R 3 ,M i
(fD t2K )20V, where o= = i gmUEER gy sl

(1716 21 ) (4604250)R
ﬁ/sa &= 27 ?25855 i, ~o 0068 (Table8.) "

<o that with R = £VD _ (L7430 %‘*3)(8157%3(0 B | oo e
4, 7X10 7 23
obtain from Fig. efi'-a’f‘-oJ f=0.047 §
Hence,
(0.047(0.$Z§"H)+6(0 3)+8.5) (%) (1.7¢x16 %)(8/53)
= 0.899 &
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8.77

877 The pressure at section (2) shown in Fig. P8.77 is not - FIGURE P8.77

to fall below 60 psi when the flowrate from the tank varies from
0 to 1.0 cfs and the branch line is shut off. Determine the mini-
mum height, &, of the water tank under the assumption that (a) mi-
nor losses are negligible, (b) minor losses are not negligible.

All pipe is 6-in.-diameter plastic
(e/D = 0), flanged fittings

’ 6ooft | ‘
with 15 : 900 ft i

90° elbows
4“-2% +2 = L2 4 31§+zz HIFE+ZK,)3 | where =0, V=0 2 =168%)
and 2220 Thus, with V=l
16+h = 2 +;Y; +HfE 15k, ),)é Note: h must be no less than that with
Pomin= 60psi a/,-d 0 = /cﬂ:} or

Vy=V=% = ﬂ( A 509?@
Hence, .

. (63%9-)(/6‘6‘ ) h+6+6oo+qaa (.gop )
m{; 18# + 28 x #(1+£( < )z’/r)z(s22 e

h -122.5-;-(/ +f("5°6”’) t3'K, Jo.402) i, where ph~ft 0]

_ o 5, ft
With 5‘—0 and Re = —\{72 = (,‘fojﬁg) =2./0x/0° we oblain

f=00155 (see Fiy. 820)

a) Neglect minor Josses (£ K,=0):
From Eq.(1)
h= 122-.\5+(/+(0 O/ssj(’s"‘*"))(a.zxoz)

Or h=143 ff

b) Inclvde minor lpsses

K= Keomtranee /58 gy * 1, =05 #15(0.3)+0.2 = 5.2
(see Table 8.2 , assome f/aﬂyed
fittings)

Thus, from Eq. (1)

h —/225+(/ +(0. 0/55)(’5"6”’)+5 2)(0.402)

or

h=14%6+

Nofe : For this case minor losses are pot very important
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8.78

’ - FIGURE P8.77
8.78 Repeat Problem 8.77 with the assumption that the
branch line is open so that half of the flow from the tank goes _
into the branch, and half continues in the main line. All pipe is 6-in.-diameter plastic
(e/D = 0), flanged fittings

i

6 % (a) @Branch line (4) (2) Msin
LU= | WATREIETES L i T g SHLTHITPO Y § lina
e ]
FBr 7%9 f/ow ffﬂm (N 7L3 (.'Z-J ‘ gow‘jtzlbows ' R i
V2, . _ W s, Ve A W
Gooprn= B optne(lf 1) +(h B oKL 2

where ( )y and ( )y denote pipes ‘a” and “b” as indicated in the figure
Thus, with £,=0, V<0, 2,=16#th , 2,=0, and p,=60psi, Alsq,
3

@ 53
Ve gh -sonlt Y% = 02K s, B0 b

2 Dk ELTE
_ (605 (1) h+6+600 (5.098)*
[6+h= 62.4L, +(1 ? ’2( & )*Z h:a) 2(32.28)

900 (2.55 &)*
'f-(ﬂ( 1'62: ) +Z/£l,)2 (32.2 5222.)

orh '—‘122.-._5'*(1*72(—6%.65—%) + 2K No#02) +(18004 + 77K )(0.101)  where h~H (2
b £ _ Wb, _ (s098)ER) s
With 5 =0, R %72 = rant 207, and

Re= V%D; =2 Req = 1.05x19° we obfain f,=0.0155 and f,=0.0175 (Fy, 8.20)

a) Neglect minor Josses (£ Ky=5 K, =0):
From Eq.(2)

=122,5 4 (| +(0.0/155) 806 th (0.402) 4 (1800(0.0175)(0./01)
0.5
or

h= 135 ff

b) Inclvde minor losses :

Z‘Ktq = Kle/rlrmce + /5!(“/60” =0.5+/5(0.3) = 5.0 (see Tab/e 9-2“; assupme

and flanged fithings )

2&6 * k[fee= 0'2

From Eg.(2)

h=122.5+(] +(0.0155) “%‘.‘-;‘-"-)4 5.0)(0.402) +(1800(0.0/75) +0.2 ) (0./0/)
or

h= 137f#

Note : For this case minor losses are not very important.

p—
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8.79

8.79 The exhaust from your car’s engine flows through a com-
plex pipe system as shown in Fig. P8.79 and Video V8.5. As-
sume that the pressure drop through this system is Ap, when
the engine is idling at 1000 rpm at a stop sign. Estimate the
pressure drop (in terms of Ap,) with the engine at 3000 rpm
when you are driving on the highway. List all the assumptions Exhaust header

that you made to arrive at your answer. W FIGURE P8.79

For sfeaa’y 'f/aw,
4§,L+Z,+;‘|-{’l;‘-z~/z£. -~ %’:—!-Zz —71;’1-

Assyme Z, =2, gnd V <o <o that with /71 =[1C§+/12]3%
and Ap= g, we obtain

ap=Th = 1(15+K)35 < LoV (15 +K)
Hence,

‘ 2
i’é’ﬂ - iLe;oao Vaoaa (763000 bi"'/ﬁ)
Af1000 5 €000 Viooe ({/aao I)!"} K)

Assome Qopo = Cross A8 Fr000 = F1000 (i findesendoni of Re )

Thos,
4 £.3000 = (M)z J \g
Va) f/aa 0 V[ 000 Re

But V= -%-)— where Q Is assymed proportional o engme rom,
That /s ]{;ooo =J V/aao so at

2B (s - g

Aﬂrooﬂ —
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3.80

8.80 According to fire regulations in a town, the pressure drop in
a commercial steel horizontal pipe must not exceed 1.0 psi per
150 ft of pipe for flowrates up to 500 gal/min. If the water tem-
perature is above 50° F, can a 6-in-diameter pipe be used?

|
Determine the pressure drop jn a in. diameter pipe.

2 . =
4%+i%+z,=£‘%+%+zz+{§¢; , where V<ly and 2,22, ,

Thus ) Vl
-2, _ v - E
ﬁ,aﬁ —{52; , where f =f(Re %), ()

4
-4
From Table 8.1, & = 0,000 o that 5 = % = 3X/0

The largest £ f» will occor with the largest £, ¢
which occurs with the <mallest Re, or /argest ¥. \\

Since the Visesly of wafer increaces 4 the femperatore

decf‘éwes; we consider the coldest care — T=50°F. o Hi
From Table B, af S0, &'=62.4/ /1> and ¥'=/ #o7wli* -
ﬁ/xo . . 3 L

7 ; |t
/- @ _ ool (B0 3150 N mms) _ . ot

a Z(54)* <
Thes,

Re =V - (s.672) (8712 )
v T%?xlﬁsgf

3 5 - 5
Hence with Re=2.01x10" apd & =3x15% wes obtain from Fig.8.20

5
=2,0/x]0

f<o0.018

Tﬁer'efare ; -From 57‘ (,J}
fg“f’- =0.0/8 (1sot) (5,47 l?)l
d°h (6 o2 2ty =2.79 1
s0 that
by . o lh o HE . \
f, “fz :.\ (2 :70{#)(624‘)‘_){\73) = /68;@1 (%2‘) = /‘/7 ’DS‘/ >/J p/ﬂ‘é‘;
A &in. diameter pipe requiress/ighily more than fhe allowed /.opci per/sof)

This, no, 4 éin: pipe cannet be dsed. The minimom diameter can pe
shown—10 be D=0,513Ff=6.37n.
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8.8l

8.2 As shown in Video V814and Fig. P8.81 water “bubbles
up” 3 in. above the exit of the vertical pipe attached to three
horizontal pipe segments. The total length of the 0.75-in.-
diameter galvanized iron pipe between point (1) and the exit is
21 in. Determine the pressure needed at point (1) to produce
this flow.

m FIGURE P8. %]

ﬂ ‘ = - 2 V:a.z

Where Z,=0, 0,20, Vo =0 Thus,

(1) «ﬂ?—’=22+/7,_«.5_%-1 Where V =V;=V
With no head loss from (3)10(2) and F2fs = V=0 wo obtain
.i-;—.z t23 22,  or Vy=y29(2,-2) ={2(32-2;{gi,.)(13zf4) = 4o ft

Thus, # (0..75‘H
D WD _ 40s 'Ti—.z 4

Re; \—/V— & i 121x0° 2 s

an

£ = 000950 _ 0008 (see Table 8.1), 50 that (sec Fig. §29)
—7’-2")1‘4

-F: 0.039 2 N

A/.S‘OJ hA = .F-g'—i\{}‘ -[-ZKA?_% wﬁereZKL:S’(/.é') =4E

Hem:ai Eq. (1) becomes '
V'V -
#-—:Zz-fﬂ’g”rﬂkz]‘ij“z}' where V, =V

2
Rl : (4o )
Z £l - S = +1.147)H
z% = 75 11 +[o,03q - 4 1]2(32.2%) (0.583 )
=173 §
Thys,

£ = (52.?‘%%)(/.73#) = /08 #"g,o_'ﬂf_ﬁ_"
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3.82

Length ¢
8.82 Water at 10 °C is pumped from a lake as shown in D = 007 m

Fig. P8.82 If the flowrate is 0.011 m*/s, what is the maximum Elevation ¢ = 0.08 mm

length inlet pipe, ¢, that can be used without cavitation 50m(l)
occurring? Z

(22

Elevation ©0.011 m%s
653 m
FIGURE P8. 32

+>'*} 4‘-+ +Z; + fihﬂlé)%;, where #1 =10 kfa , 2,=650m

(
V=0, Vz V, 2,=6535  and from TableB.2 f,= p,=1.228 kPa !

/Sﬂl V-‘: -g- -g(:.” iz 2-863‘ S0 ]%qf

m
Re = _\./y-‘-'-’ = (f;?;x)/?';::f’ ) _ ;53 x10°, With this Re and from Table 8.1 with
’ S

0.0 .
%: —7%’:’-1’ = 0.00//% we obhin f=0.0216 (see Fig. 8.20)

Hence, withZ’K, = 0.8 for the enfrance , £q.l)) becomes

(10]-1.228) %10 ﬁ,% (2.062)
9.80x/0° & TSSO m +(} Hi 02“)(__ +0 8)2{991@-)

or
/= 50.0m
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£.93

fm PiP“ system shown in Fig, P8.83

added to the water by the pump if the pressure immediately before
the pump is to be the same as that immediately after the last filter.
The length of the pipe between these two locations is 80 ft.

@BFIGURE P8B.83

From the enezy €7"“1”’M
hp=hy = (FE+k) g
R=VA, V= 097£(;,/h)z.) = J275 P

Vh _ (1.9% 2
fe = £~ );{,/’;;go(_ﬁa) /95107

% - 202 x/073

From the Meoody chart, Fz o025

D

" hp = 002/5__,, + (f)(éj(’i____ﬁ
72

i (32.3)
=[10.32 + 30 (2.9%4)
(Note: the Fithrs produce 3% the pipe [oss)
ho=118.5Y f
Caloulate the power
W = ¥Y&hp = (62.4)(0.3) (118.5%)

24
= ar19.] B ';%,57& = {034y
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8.34

18 in.

|
en

e ()

D\Thfeaded 180°

ﬁ') return bend

8.84  Water at 40 °F flows through the coils of
the heat exchanger as shown in Fig. P8.84 at a
rate of 0.9 gal/min. Determine the pressure drop
between the inlet and outlet of the horizontal
device.

D
(2)

anNnN-+

\ 0.5-in. copper pipe (drawn tubing)
FIGURE P8.34

ﬁ-hl- +ZI _4——13‘-{; g +(7C35' +Z,K )2. Wﬁe/'e .Z’,-‘Z-.{2
V=V =V = _Q_ (09#)(23”7)(77’2'&73)( Z0s

=/.4z7-3§f
25 H)" .
Thus,
prpu=(t4 +£m>%evz, with £= 8(7 ) = 12 z

and Z’/ﬁ= 7(1.5) =/05 (see Table 8.2)
Also, from Table 8.1 % (a ooooosH/(o 5/12 f))=L.2x10 ¢

0.5
and M = 3690 (see Table B.1

1/ e vasﬂ'z for v)
Hence, from Fig. 8.20
'F:' 0.04/
and from £Eq. (1)

fpe= (0 Ofﬂ( 124 +/0,5)(':L.)(/-9"‘%’g-)(/-47§)2

or ,
£ —po= 4685 = 0.325psi
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§.55

8.85 For the flow in Problem 8.84, ethylene glycol is added to the
water for freeze protection if the temperature drops below the freez-
ing point. The density is unchanged, and all flow conditions are
the same except that the viscosity of the mixture has changed to
0.01 Ns/m” at the given temperature. Recalculate the pressure drop
between inlet and outlet. Discuss how this loss will change if the
fluid temperature does drop below freezing.

First, convert the Viscosity ko B6 unts
Usmj Table /.9
—y bs

M= O.ol %2_— (2’,0??)(/0;2) = ZO?X/O FFz

From Table 3./, P (.94 shss/py 3
So
/ -y A5
y= A 20T/ ¥ e _y f2
Calculak, aul :uP&q-r—ed i?ey,q.p/()g ,oum[aerwhl/} l/=/.6¢7‘9f(see

_ VD _ (.47 %) (0‘57/7,H‘J I Prop.8.85)
e 4 [.OTIxI0H A% 5é7

menﬂf»/\c, the new fow is [aminar
F= Y. - é%‘é? =0. 11

H‘Om /O/‘oék/m f?ﬁ/
F-72 = (F#+EK)ZpV"
= (0.112(225 ) +0.5) (L) (174 25)(1.472)

O:5hz

R-F = §89.( Yy = D.6AR psc

7%‘5 ao'of:‘z%‘ow a[)/om?(;'mak/y o’oubles %6 p/usam o[ro/o.

T i’[r(’. Fluid fem/oemr‘w'c does cl(‘o/o below /ff‘ee?r'ﬂjz

there will be o Further increase 11 ViScosity oned the
pressuce c/!‘o/a.
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8. 86

8.86 Water flows [hrough a 2-in.-diameter pipe with a ve-
locity of 15 ft/s as shown in Fig, P8.86. The relative roughness
of the pipe is 0.004, and the loss coefficient for the exit is 1.0.

Determine the height, A, to which the water rises in the piezome-
ter tube.

@ FIGURE P8.85s

BE<h, 2 <0 /,_sa Z,= 8 Y =0 Ma/
A= (fg ; with V=V, and K,

| Tﬁm, N 2
(n h+£1£- :_(f‘DZ+K)‘£‘,/§=Z
Bt Re=ED - 19438 (5 $) (4]

<
= 2,07X/0
2.34x/55 165

T o F?y 8.20 with €/0 =0 vout we obtain f=0.029
S0 that Eg.0) becomes

' 5 Hett (15 £)* 3
}7+[[ o.ozq(ig_im /]2(322ﬂ) 8t

or

h=/6.5f
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&.87

(2)

8.37 Water is pumped through a 60-m-long, 0.3-m-diameter ¢
pipe from a lower reservoir to a higher reservoir whose surface ()

is 10 m above the lower one. The sum of the minor loss coef- +
ficients for the system is K; = 14.5. When the pump adds

40 kW to the water the flowrate is 0.20 m*/s. Determine the w
pipe roughness. |

& = = =z 4
£ +.—V§_ 12, +hy-h, = B2 + 1o v2, | where pp0, V=02

; and Z.=10m
Thus, hf, -fi, = zz, where

1 - Yox103N-m/s
P aifii (980:{7:73/\;/;933)(0 amfs) = 2097
Hence,
20.4%m ['FD ZK}Z’ = [0m
with
V= % =(0.2m%) /(¥ (0.3m)") = 2.82m/s
Thus, from Ez{ (1)

2
20.4m = {; ) +/4.5 ] 2 (9.1 m/sD

(n

or
S D 999 kg/m3 (2.82m/s) (0.3m)
- m 5 m(: 2m »
Also, Re = £72~=. 9/'12”0_3/'/'5/,”2 £ 7 .E5xio®

Thus, from the Maao{y chart (F,'y, £.35), with Re=7.55x0°qnd f=0.0560

it follows {hat g/D = 0.02.8 , or
\\ % =0,028

£z 0028 (0.3m) =0.0084 m
Re=7.55XI0°

f: 0,0560
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g.89

8. 89 As g;m in Fig: | PS 89, a standard hmzsahold waler meter is

dﬁnﬁg an “aﬁ" cyele. List any assumptions needed to arrive at
your answer.

BFIGURE P8.89

The eﬂergy equation for This Haww

B 5542, [ +2K]zg -f +zz ¢
wher'e Z=Z, , f70, V= v aﬂa/ Vz_ 'ZLV

Tﬁz/s fr‘om Ey(/} 4

fr= zev” [fn +5 K, *( ')'f] (2)
But Q= =AY = X, where Yis the volme of wafer sypplied

during an “n”cycle and 1 is the length of fhe cycle.

For a given sy.rfem $K, is independent of Q. Similarly, for large
Re pive flow, £ is ma‘ependenJ of Ro (or Q). Thus

[+ +5 K (4L Y~ 1] ie constant, jndependent of &.
Hence, from Eq.(2), if the length of the cycle is constant,

ﬁ/)f.ﬁﬁs - % PV:—)I.SO o vl)urn ‘: (%:a )2 /150 ) /543
ﬂ JIID‘H'? '2L PVA’-)‘.M Vi),zo i o
or

=/, 543 ) = ) S0ps/) = 5 /
fl)m / ﬂm 1.563(50psi)= 78./ psi
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8.90

~ 20m =
A . . (T > = T,
8.90 A fan is to produce a constant air speed of 40 m/s Edg V=40 mis "—'—
throughout the pipe loop shown in Fig. P8.90. The 3-m-diam-
eter pipes are smooth, and each of the four 90-degree elbows
has a loss coefficient of 0.30. Determine the power that the fan De=@imes |l
adds to the air. 10m
(N=(A
| & | \ /Fan ]
o : J
\\ « 1/

@ FIGURE P8.380
/gj-+z,+-5_‘§ —h, +h, = fe iz, %
If we locate () and (2) af Hhe same place iF follows Hhat
ﬂ:/dz.) st%u“”‘{ Z, =%,
Thos, .
b= ) '—'(f% 45&‘)355 where 5’/@ = #(0.30)=/2

Also, Re = oYb _ ;23 5 (402)(3m)
' = /.7?::/0'5%‘;s

and f— =0 so that from }'75? £.20 f=00083

= 8.25x/0°

//eﬂc,c, ¢ pomy?

=3 (2.0 +2.04 /0+j0)m. 404 _
hs = (0.0083 — +4.2) 2O /m
so That

W, = ¥Qh, = 090h, =l:23 )00 B Zsm* 40 2] 1im
S 279k10° K2 = 379 4W
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8-9! (’) -

8.91  The turbine shown in Fig. P8.9/ de-
velops 400 kW. Determine the flowrate if (a) head
losses are negligible or (b) head loss due to fric-

tion in the pipe is considered. Assume f = 0.02. %‘g;gfg/ = B |
Note: There may be more than one solution or 7 1
there may be no solution to this problem. 120 m of 0.30-m-diameter 4
cast iron pipe
FIGURE P8.9/
‘ﬁL"'-—’— tZ = %“f‘ "'Zz + fD 2g +bT where A "ﬂ =0, Z,=20m,
=0 Thus, Z = —%--}fil’rhr ()
a) A/Egr/a’cf head losses (f=0): 3 Nom
z = Yoy thy | where =L = HOOXNI 'S =220
I 2g Y T &9 (q _gox/[;’.gs)g(/m)z Vs Va
Thus, 2
2 22.0 V*-392V4 +/020=0 (2)
20m =77t + —2 - =
2(9.8/12 - .

Determine the roots of this cubic equafion. Let V,'-392V, +/020=F
As indicated by the graph, there
at two real positive ram‘s fo F=0

5000
SUTT ]

Vh=2.652 op V, =183 2 Thus, J/ N

Q 142V2 'ﬁ(’m) V2 0)" F/ 1000 7

Q 2.082° or Q= /M s = ’i’fﬂ = gﬂ

T/)e negahve f'oaf (V2<0) has no 3000

physical meaning. .

"

b) Inclvde head loss (f=0.02): From Eg.0) V= Vz'q’ =l (D,) v, (o Im

20m—(l+002(’o"3°n';’ (129m )1y )2(q3 y t oy =l
Thus,

V,® ~0.398V; +1.03420 /el 6= V.'-0.398V, +1.03% ; determire
V2 that gives G=o.

b wh
v &

As indicated by the graph, there % /7
s no positive real root. Hence, s~
the flow canngt occur with 4 05 —~
W, = 400k . = )
1 -(;.5 ’ 0 0:5 j|
V2

8-83




.12

_or

Also, g 2 VD y[0.05(1-0.024)] ks

*8.92 In some locations with very “hard” water, a scale can build
up on the walls of pipes to such an extent that not only does the
roughness increases with time, but the diameter significantly de-
creases with time. Consider a case for which the roughness and di-
ameter vary as & = 0.02 + 001t mm, D =50 (1 — 002:) mm,
where ¢ is in years. Plot the flowrate as a function of time for t = 0
to t = 10 years if the pressure drop per 12 m of horizontal pipe re-
mains constant at Ap = 1.3 kPa.

_%-’-_L-l-zl ._.%-j— +22 +,CD 2’ ) bﬁ‘/‘e ZI 2‘2 ) V %«'.’V, aﬂd

Thus, sp=p-f4=1.3kFa
/2Zm y?
Aﬁ ICD g‘gd‘ or 1.3)"]0 f(o 05 (]- 0025))2(‘]8/ M (?5’0)(/03%)

FV2=0.0108(I-0.028)  yhere ¢~ yr, Vi

Lizxa™® o #48X10" ( [-0,02£) Y

(0.02 +0.0/4)
D - 50(|-0.021)

E’nal/y) From the alfernate ‘farm‘a., E"z 8.354,

=19 bg[[Sa)" 427

and

()

(2)

3)

)

For O=t=/0 yr 3 obtaiy -f% from £E9.03) and solve Egs. (1), 2), and 4)

for' £V, andRe.  Then @=VA = V’Z(o-0-5(/"0.02£))2
Q 196x107(1-0.02¢)"V " whepe @~ Vv 8  f~yr

(5)‘

E?”‘ )-15) were used in a MS Excel 5 preadsheet

to manually jlerte on the Solution.

?
fuess V2L Re L/ Sorew = f?uess
T

No

Téﬁ- Sﬂ‘cad}'h“f results are shoun be lw ojoy
with o plot of the data.

(cpm‘:>
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8o 74

(tont)

Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new).

t, yr e/D f(guess) V, m/s Re f(new) Q, m*3/s
0 4.00E-04 0.0243 6.67E-01 29758 0.0243 1.31E-03
1 6.12E-04 0.0249 6.52E-01 28496 0.0250 1.23E-03
2 8.33E-04 0.0257 6.35E-01 27195 0.0257 1.15E-03
3 1.06E-03 0.0264 6.20E-01 25998 0.0264 1.07E-03
4 1.30E-03 0.0271 6.06E-01 24845 0.0271- 1.00E-03
P 1.56E-03 0.0279 5.90E-01 23692 0.0279  9.37E-04
6 1.82E-03 0.0286 5.76E-01 22625 0.0286 8.75E-04
T 2.09E-03 0.0293 5.63E-01 21595 0.0293 8.16E-04
8 2.38E-03 0.0300 5.50E-01 20602 0.0300 7.61E-04
9 2.68E-03 0.0307 5.37E-01 19643 0.0307 7.08E-04
10 3.00E-03 0.0315 5.24E-01 18686 0.0315 6.57E-04
1.40E-03 i
1.20E-03 4
|
1.00E-03 !
2 800E-04 |
[3¢]
<
E
g 6.00E-04
4.00E-04
2.00E-04 - S .
0.00E+00 ‘ ‘ : : , |
0 2 4 6 8 10 12
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8.93

8.93 ‘Water flows from the nozzle attached to the spray tank shown
in Fig, P8.93. Determine the flowrate if the loss coefficient for the
nozzle (based on upstream conditions) is 0.75 and the friction fac-
tor for the rough hose is 0.11. T E

0.80 m

FIGURE P8.9%

Nozzle diameter

2 i
%""{;*Zf: %+3‘%+Zz+({£+l(,_)v wbere,ol=/50/r/%,ﬁ=0, o

23 ,
Z,=0.8m, Z,= £ sin %0°=(1.9m) sin49°= /,22 m, V| =0,

-5 aod Ym0 -8 (5 1
Thus, with =04l and K=0.75 Eq.() gives

81%3)

3N 2
Toog At O-8m = L.22m H 45+ 0‘”("—“_'0,wsm)+°‘75)2'—"_(9_
m
or
m
Y= 3.09F

- 3
Thes, Q=AV=F(0.015mY (3.092) = s.44x10 L2
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g.74

8.94 When the pump shown in Fig. P8.94 adds 0.2 horsepower to
the flowing water, the pressures indicated by the two gages are
ﬂual. : . Saeh T ﬁw ﬂ 8

Length of pipe between gages = 60 ft

Pipe diameter = 0.1 ft

Pipe friction factor = 0.03

Filter loss coefficient = 12

BEFIGURE PB.94

[ SO & )
;’7-731 Z)522, \/1=V;2
50, /7/)‘-'- /7}__ (1)
The Pump adds 0.2 é/a o//aowef,
A = () ssp Al Y/
W=0.2hp » = = UO fe 2
Convert to head by:

b= W _ 110 &4 A
YR ok S

5('.!{9 /nte (1) . (CQ/ )2.
LZe- (Fh o2k )Y = (FE+2k) &

or Q7 :(5;176;_{2;@!2?— Where A*a%(&/ﬁ)z=75’5‘)r/0'3féz
iy L
_ 1.7 (644) (7.95%107)
(0.03 €% 1 /3)
Q2 = 2.328% /0~

O = 0.06/5 A5
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8'?5

8.95 Water is pumped between two large open tanks as shown in
Fig. P8.95. If the pump adds 50 kW of power to the fluid, what is
the flowrate passing between the tanks? Assume the friction fac-
tor to be equal to 0.02 and minor losses to be negligible.

(1
AT
Diameter
D =05m
Pump 3 /
o R TR

Pipe length = 600 m
B FIGURE PB.95

Mt/q £=%2=0, V= \é O, and 7, =2a
=g )
D >9 07 (

With the Pum,v addvy SO kw OJC'/Dowef‘
W = S'OK/O?W=/?fQY

= _Soxs? - 5.0
hP & (9.8x10%) R
Sub jote (1)

5210 _ J VZ
Q%= & /O(‘?JCBM ) where /4=;’,f(0.5"/?'=0. /96 m*

T FIL
/ma = 5.10(2)(0.5)(2.51) (0. 1%6)*
(0.02] (600)
=0./602

Q = 9. 5¥3m%

or
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§.47

897  The pump shown in Fig. P8.97 delivers ahead of 250 ft
to the water. Determine the power that the pump adds to the wa-
ter. The difference in elevation of the two ponds is 200 ft.

Pipe length = 500 ft
Pipe diameter = 0.75 ft
=08 Pipe roughness = 0

= 2
%’_ +Z +%— -4, 4, = é"— 12, +2.%_
where fl=fl, =0, || =W.=0 =0 7 =200¥f 4, =250
721/5, .
s f—},—% -5k, z; Wy =Zs o that with S K, 1% (oe+¢(/s)+50+/)z?
Vz -/2 ¢ -;é'
PR ilgars; 250 =29
0) (667f+/2 9V~ *H220
| _ oVD _ (193 V (0.754)
/%9 Re M 2. 3¢xla'f s
- or ft
(5 < Re=622x0"V
| and from F;'y. 8.20:
i \\
) %:O
Re - 2
7rial and error solvtion. Assoms §=0.02 —= =i/ £ —-,Qe £,9x10°

B f=0.02+002
(IJ (z (3)
/stme f=0 0/2 V=724 _{E—’l i 4 /?e = 7.7X/0J-—-P f= 0.0/2] = 0.0/2

Thes, V=128 454

M.‘/‘= M)/? =(62"%7{%) 7(075’%2(/2 v&)(250) = g5y Tl

5
/b
_9.5‘.5')(/9? H / .S'DH/b =/JSA/0

Alternatively, we could replace Eq. (3) (the Muody chact ) by g 8.35
(cm ‘t)
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§.97

(con't)

()

(5)

(the Colebrook equation) and obtain Vas follows.
From Eq. (1)

V=[3220/(6&Z+‘- Hz.a’):! I/"J which when combined wiih Eq.(2) gjves

Re = 15.7--2)(’/0"'![3’2.?.:7/(:567{-#/2.6’)]{l - 3.53 X/Dé/(,{o’7~r+/2“?)”2/
Also, the Colebrook equation with £/ =0 s

= 2.5 )

T =i 109( RCV{T

By combining Eqs (+)and (<) we obtain a singls equatim imvolying only ¥

—le‘: = =20 /09[ 2.51(6671 +Iz,g)%.]

3,53 x10¢ YF

Using a compute root-findjng program to solve Eq(6) gjves
f'=0.0123 | copsistent with the above frial and error method.
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8.93

Free jet
8.93  Water flows through two sections of the - (2)
vertical pipe shown in Fig. P8.93. The bellows T F
connection cannot support any force in the ver-

tical direction. The 0.4-ft-diameter pipe weighs e wiighs
0.2 Ib/ft and the friction factor is assumed to be .~ 0.20 Ib/ft
0.02. At what velocity will the force, F, required

to hold the pipe be zero? — |—D = 0.40 #t

(” é Bellows
=
Hv

-
FIGURE P8, 93

From the momentsm equation applied to the

Y,
control volume indjcated ’l
PP = Woyo=Woine = m (Vo-;) =0 l‘s/z}‘yce V=V, T (2)
Thu, g Mo 528,51 i
or ' '
PR %% =80 41590 where gl IH L  Waine
Also, ) . ﬂgj)ﬁ,
#L+g+z,=ﬁ}%+-i% +zz+f‘§;\§ ,w/)e/‘e;ﬂzsa, [/

w: V‘z..--:l/J 2,:0’ aﬂdzz::j
Thos,

f/ =82, “'1[%%9 VZ)
or when combined with the above force balince resylt
=00 +HE Loy =0t+159/

. [ 200.4)(159)
T/Ja#is, fieg’:/,gy or V= )/%2(“—”=]/(.M)(0.02))=5,73—§

Note: This answer js independent of the pipe length, L.
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8.99

Ky et =1.0
Ky etoow = 1.5 *‘Iﬁ ﬂf_ el
b e ) T i, ‘
8.97 Water is circulated from a large tank, through a filter, and K} valve = 6.0 ik
back to the tank as shown in Fig. P8.99 The power added to | K, =120 =0.8
the water by the pump is 200 ft - Ib/s. Determine the flowrate i i .
through the filter. s ” ‘H” T 200 ft. of 0.1-ft-dia.

Filter % Pump  PiPeWith &/ =001
B FIGURE PB.99%
v Voo red 3
J%’-+Z,+E;¢’— +,hp-_-%-+zz+-£;; t(f3 +§’K£‘. 25 )
where
L=, V/=Vz"0, and Z,=Z,
Also, W, = ¥@h, or
b
- 20088 408
Psasg (PP TV

Thus, Eq.(1). becomes :

v
408 200 ff
“08 '&Tf?f +(0.8+5(1.5) +12+6 */)) m

or

3 /3./3
= (2)
V (f +0.013¢45)
e VD _ 194 %’-5’?{ v E)(o.141)
Re= £7- = - 34‘x/;9';/b"-; or Re= 8290y (3)
= i

7rial and error solvtion:
Assume f=0.04. From Eg.(2), V=6.26 2 . from Eq. (3)

’

Re =5.20x/0%. Thus from Fig. 8.20, f= 0.039 # 0.04

Assvme {<0.039  or V=6. 2904t 4pd fo =5.2/x10% and £ =0.039
(Checks)

Thos, @=AV = F(0.11)"(6.298) = 0, 0 494

Al femafive/y ) The Colebrook equation ( E?. 8.35) could be used
rather than the Moody chart. Thus,

(con't)

§-12




8.99 |(con'f)

I
T ° -2.0 109(5/0 + R:Vf ), where from Eq(2,

(4)
f=(13.13/3) - 0.01365 (s)
Thus, by combining Egs. (3) (4) and () we obiain the folloving equation
for V:

[ /(13.13/v2) -o0. 01365] =-2, oloqf 22 2.5 /[8290V)(13.13/v3)-0. 01356)1]}
Using a computer root-finding program gives the solbion 1o Eg.(6) as “
V=6.29 1

, the same as obigine, by 1he above frial and error meihsd
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8 .100

8.100 A certain process requires 2.3 cfs of water to be deliv-
ered at a pressure of 30 psi. This water comes from a large-

diameter supply main in which the pressure remains at 60 psi. C_) ; :

If the galvanized iron pipe connecting the two locations is 200 ft ) (4 O :l

long and contains six threaded 90° elbows, determine the pipe = @
diameter. Elevation differences are negligible. » (2)

2 2 2
@ﬂ +-2¥’§ +Z = ‘%‘— +—Y2;-+Zz +(1( % +5 KL)E% ; where £:=30psi , g, = 60 psi,
3

4
7,220 V= V= = K - 22 L i D-p
Thus,
prpe=(FE+5k ) 4eV
or ind

b : off 93 t1\2 h
(60-30) iz (4 e )=(HE (2T D+ 6(1.5) +0.5) (AR LY (£)(19#0)
where we have used

Z K’- =6 K-’-e/bow i /ﬁenfrmce =6(L5)+0.5
Thus,

s /9.0y _L
49‘4‘“(I+F'D—JD4 )
Ao, _yp_ () 293 &
Re =2 =

(1)

v [aacsiEp or Me =2.42x/0" @
‘ 3
and from Table 8.1
- 0.0005 ff (3)
R 2 de

b
Finally, from Fig. 8.20*
_ d : f Q )
Trial and error solvtion of \
Egs. (1),(2),(3),and (%) for
f,D, &, and Re. D
Normally it is easiest to quess a valve of §, calculate D, ete. In #his case
(becavse of minar losse), Eq.(1) [s not easy fouse jn this fashion. Thus, assume
D, caleolate £ (Eq.0)) Re (£4.(2)), and & (F7.(2)). Look up Fin Fy. 8.20
(Eq.(%) and compare with that from Egq. (0.

= S &€ _
Assome D=0.4ft  Thus, f=0.00557  fie = 6.05%/0° & =0.00/25

or from Fig.8.20 £=0,02/ ¢ 0.00557

Assome D=0.5f; f=0.055/, Re =48%x10° £ 20,00/ or f=0.0203#0,085/
Assume D= 0.451t, f=0.02 %3 Re =5,38x/o§ £ = 0,000/ or f=0,0205 #0.0243
Assume D =0.44ft; £=0.0/97, Re =&5.5ox10% £ =0.00/%0r f=0.0205#0.0197
After enowgh trials oblain D= 0.442 ff

Note : If Fig. 8.20 (Ef- (%) /s f‘é’ﬂ/aced_ b}/ the Cole brook eym//on’

—

(con't)

g




8.100 | (con't)
this problem can be solved as follows.
Thus, from Eq. (1),

f=(49.40°-0) /19 so Hhat with the Colebrook 871/47[{0/7 ( £g £.35),
when combined with Eqs. (2) and (3) gjves

s /b, 2.51
=20l (37 + Zgr )
X sk 0 i
5 0.0005 2.51D VY
“_-_(4‘7.‘:‘35—0)] =-2.0 ’09[ 370 ' 242 x;o£(49.4D‘—DT”z] ¥

Using & compuier roat-finding rovtine gives #he solvtion to Eq.(5) as
D= 0442 # which is the same as 1hat obtained by the trial and ervor

melhad above.
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&./01

8.10] Water is pumped between two large open Ieservoirs ' ‘(I) (2)
through 1.5 km of smooth pipe. The water surfaces in the two

reservoirs are at the same elevation, When the pump adds 20 kW

V
to the water the flowrate is 1 m*/s, If minor losses are negligi- N fy
ble, determine the pipe diameter.

T

P Y B i

2 ) 2
G 433 kb = G 80 b o o

7770’:

Ws  20x10°Nom /e
; - g ~ = 2.04

aﬂd 3
2 Im/ 3 .
ho= 5 with V== i < 132wl with e
Hence By,
J X 3 (,,23/1):) 371 _
sy hp=f I E"”" 2(?.3lmm/st =1239{/0° m

From Eqs ()and (2),  2.04 = /23.9F/D° op f=0, 0145 D°
(3) D=2.27f%
/‘:2/&0 E—ZB 7/,5,?-,'0.273/02)m Da

JI2x]73 .4’5;

or
(#) Re= /./6‘):/0 /b
Finally, with €/0=0 the Moody chart (Fig. €.20) is the final equation.

\\e,o

Trial and error solyfion of Eqs.(3) (#) and(5) for f Re, and D:
Assume £=0.02 so E? (3) qu/es D=2.27 (o "2)/“—'/ 040; andE /4
g/ves Re = 1.14x10%/), 04 = /.Jox10® Thos, from Eq (5) f=0.0us wbmé
Js not eqval fo he assomed f=o. 02 Tty again wn‘b F=0.005 which
gives D=0.93/m | Re = /.22x10% and f=0.0113 £0.0115 . One {;pal

try with f= 0..0113 gives D=0,92«7m) Re =1. 23X/0J and f=0.013
as a.mmad. Thvs, D=0.927m.

An alfernate method is 4o yse The Colobrook formvla (£4(.35))
rather than the Moody chart (Eqes)). Thus, with €/b = o,

(con't)
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8101 | (con't)

E.ZG? 35) s
-v-;.—-* = -2.0log ( %ﬁ%) which when combjned with Egs. (3)and (4) g ves

1,14%[0%(0.0/45 D® )2

N S " 2.8 D
(¢) (O.OI&SDS)% —‘—2:0/09[ ]

Using a computer root-finding program fo solve Eq (8) g/ves
D= 0.926 which is consistent with fhe trial and error solvtion
given above.
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8.)02

8./02, Determine the diameter of a steel pipe
that is to carry 2,000 gal/min of gasoline with a
pressure drop of 5 psi per 100 ft of horizontal
pipe.

ﬁ--}--—i—-}z’ %“l‘z? +Z,_ +]c'bl'2"5 5 w/)ere 2}:22 a”d V]:'-lé.

Thus, A

P = f $eV* with ﬁ"'ﬂz-—-ff’”z (Iffffﬁ,) A= jooff ()
-/32_._/'_’25'/4 553,05-'55 and

T
oolr- “'"" 2312
V=2 . ooodin) = mEn) |, - U7 4 it )of
J

//ence Eq. (1) g/ves
5-(,44)#% _,_)(‘ IOOH) (ng__ugé)(s 67 ’.fsi

D:..
or -
D= /2‘} slvgs, (5.67 ¢} é (2
F
Also, Ke = ‘&}72 032?&2/(06 ;“)D flor Re = ﬂ%xﬂ &)
and HE
.% e 0:000/5 050’5 , where D~ ff )
Finally, the fourth equalion is the Moody chart ¢ .
(or the Colebrook equation) \ E (®)

Note: 4 equations (@, (34,(4), andts)) and
#unknowns (f, & D, Re)
Trial and error solvtion'

Re

- Be=2.03x/0
Goess F=0.02 Fw D= 0,547 h/\: fsf f=0.0/48 #0021
Thus, the guessed valve @ 5 = 0.000265

/s /)a correct.

Re 2.15 /0%
Guess f=o0. 0149 2 D= 0.534ff / E

& f= 0,0/50 = 0.018

(% -D— =0.00028]
)
Thus, D=124(0.0150)% = 0.535 f}

By using the Cole brook equati on ,Eq. 835 rather-than the Mpa‘/y charl
Eq is), we have

V?‘ = -2.0log[ E22 .;fv-’,] which, Using Egs (23,(3), and s is,
— ——2.0 0.000/% 2,570
(D /124y =~2 I""[ 550 ' TiE%0s(b,l2g)a |

Using & computer roof-finding program fo solve Eq.(6) gives D=0.536,¢4
which is consistent with the above trial and error solvtion.
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8./03

8./03  Water is to be moved from a large, closed tank in
which the air pressure is 20 psi into a large, open tank through
2000 ft of smooth pipe at the rate of 3 ft*/s. The fluid level in
the open tank is 150 ft below that in the closed tank. Determine

the required diameter of the pipe. Neglect minor losses. -

()

L=2000f]
(n

2 Vﬂ. llﬂ
J§L+z,+% - é,i t2 +45 +£ 5 3
where ‘
Vi=Ve=0, 2,-2,=/50#  and p =20ps/, p.=0

Also, o

Ve = G5 = 2R, whers V-E, b-f
y7]

Thus, Eq.(1) becomes

: 3.82\%
(20 ,%1){144#3) . 2000 F# ("Tp
£2.% T{ié-’ +/50ft =f =p 2(32.2 SE,_)
or Ve
D=118f (2)
Also 3.82) P
s 94 (3.82) . _ 3.17x0
Re = %u.@ = P(—Er) = ;.3¢xm'50 yor Re= =5 i

[rial and error solution:
Assume F=0.02 so from £Eg.(2) D=0.540# and from £q.03)

Re =5.87%10° Thus, from Fig. 8.20(with % =0) f=0.013 #0.02
Assome £=0.013 which grves D=0.495 H ,Re =640 /0° ,and f=0.0125
Assume f=0.0125,50 D=0.49/ff, Re =6.44x10° F=0.0/25 (Checks)
Thos, D =0.49/ff

Alter nafe/y . 4he Colebrook eymfiaﬂJ Fq. 833 rather than the WWJ/}/
chart, Fig. 6.29, covld be ysed 4s follows:

Geon't)
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8.3 | (con't)

With €/b=0, £g. 8.35 Is

’v—"; = -2.0log (2.5 /(Re¥F)) where %)
from Eg. (2) f=( D/1.18)° (5)
Thus, combining Egs. (3) (#) and (5) gives

1/(0/118Y7% = =2.0 |og [2.51/((3.17%10%/D)( D/1./8) %) ] (8)

Us/n? a computer root-finding fecﬁﬂ[fye g/yes He <olvtim to £g.(4) s
D= 04924, whichis congisteni with the above trial and error solvtion.
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- 8.104

8.104 Rainwater flows through the galvanized
iron downspout shown in Fig. P8./0Y at a rate of
0.006 m*/s. Determine the size of the downspout
cross section if it is a rectangle with an aspect
ratio of 1.7 to 1 and it is completely filled with
water. Neglect the velocity of the water in the
gutter at the free surface and the head loss as-
sociated with the elbow. !

- 2
%4“2 +Z _£_+_;+22 +f_§h§\ﬁ

3m !
FIGURE P8, /04

24 3 . where AEfa=0, \4=0, =V,
Z407m, and Z,=0 ()
Also, D, =24 - £U707)  _ 54
a”d’ h P 20.7h+h) g 3
. =7
v=2_ _’% = 0.003s3h" 2, where h~m T
Thus, from Eq.(1) )
7m .353’(/0-
5.¢/x/a A‘* | +s.55¢ I A
From Table 8.1 %h = %ﬂ = L/%_’,‘/L , where ph~m (3)
VD;, _ (0.003s35*2)(I. 26hm) 3?70 )
R " l.12x/0742> r Rey=

F/mr//)/J fram Fig. 8.20:

Irial and error solvtion of

\-—-_——
Flo ™ e
Egs. (2),(3),(#),4nd (5) for \\ (5)

£
f,b Re,,, '5;' . Reh
ﬁswme /) 0. 06‘/); from (z) f=o0.11 from (3) D = {.07 x/o
and from (4 /?e,, & ??ax/o*‘ //eﬂce f/m m =0 0223 0.1/

Assvme h= 0.03m ; from (2) f=o. 0227 —5- = %0x/0"2 gpd Rey =1.32x10°
Hencs, from (5) f= 10,0290 # 0.0227

Aswm h= 0.0257 : or f= 0.00677 ﬁ
Hence, from (5) F="0.0303%# 0. 00677

Assume h = 0,035 m; gr f=0.0544. £ =3 ox10™ .,
Rey = 1.13x10%, Hepce from (5) f=0.0280 £ from Eq.(sy

Plot f from Eg (2) aﬂd f from £q.(5) as

= % 7x/9"° 4pd Rey = 1.59x10°

a fonction of 'h. Solvtion is wbere the S 1
two curves infersect. Halni? SRS
Thus h=0.031m and b=1.7(0.031p) S /(
o 0,03/m by 0.053m o Lzt” ~from Eg.(2)
) _(“’,’7"‘) 0.025 th 0.035 1
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8. /%4 (con'4)

This problem can be solved using the Colsbrook equatron, £g. 8,35,

rathsr than the Noody chart, Fig. 22 ac follows
From E'g. 8,35

I D, 2.5
’v’f=*2.0/09(%h+ . )

W (é)
where, from £q, (2)
f=(6.4x10°h=-h) /5.55 2
Combining Egs. (3).(%),(8), and (7) gjves a single equation for h °
I X 119x 10 # 2.5/ h
[(64x10%h*h)/5,55] 2.01095 s7h 3970[ (8.4/x10%h=-h)/5.55] } )

Using a computer root-fitding program gives h =0.03/3 m, which is the
Same as that obtainsd by the akeve Hial and ervor methad.
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*8.105 Repeat Problem 8./64if the downspout is circular,

& 4 3m
.%+i‘%+z,=%+zv +Z, +fD,;, wémfy, fz =0, )] =0, Vz V
Z,=4%07m, and 2.=0  Thys, £ - (1+f5 )L or

(407 m)(2)( 9612 = =(1H(Z2) v* 0

Hence, with V= _E%z or V= ;%%6—#) Qﬂﬁ’ Eg.(1) becomes
: - 7f 0.00764 \2
7?-?‘_ (I+ D )( Dﬂ. )
Of= 1956 x/0°D° ~0.1#29D | where D~m (2)
A/_yo Re = _ZQ = %_D. 0.0076% .S
P T e D
R = O 842X/t7'9 (3)
Fram 7215/,9 8.1 i % —Qﬁgx"—s at £g. 8. 35 becomes )
Vf' sl ]og[ * ;;—i] or when combined with Egs. (3and (#)
7= —2.0/03[4.ogx/o*5+ 2.485/0 “D] (%)
Solve Egs. (2) and (5) for fand D 4 fa//aws-' Substitvte § from
Eq. (2) into Eq. (5) to obfain a single equation for D
| 5ok [4.05 x1075 3.68x107*D
(L956x10° D" _o.m290)% D (/.9.:5;:;051)5_9,/4:.?1))'/2] (6)

U.smg a campufer raof-fmdfng te chﬂfyt/e qrves
D = 0.0445 m
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K. /167

8./067  Air, assumed incompressible, flows through the two
pipes shown in Fig. P8/0% Determine the flowrate if minor

lin
losses are neglected and the friction factor in each plpe is 0.015. Lo 0'5? |n.(2) 3)
Determine the flowrate if the 0.5-in.-diameter pipe were re-
placed by a l-in.-diameter pipe. Comment on the assumption ! ‘ f
of incompressibility. 20 ft ' 20 ft--

FIGURE P8./07

%).9-*5;-2*‘2 =h, +/7£2+§‘+ *2} where l/a =0, 2,222, =0
=V, b {4 L | bt ,_.Vs and V= % = (3)= (ﬁ.’:,;,”)vz

2D 23 )
TAUJ E? (1) becames =0.25Y,
1 L v, W
i i A
or

= '2’.'PV2 [fl (0. 25)2+ .] _!Mé‘_—(
‘ ) i (0.5 4147 /‘H‘
With £o=C R or PO— R T (17/6 F‘f lb )(]50.;9!50)‘%

and f,=1,= 0,015 £g, (2) gives
/ 20t 2/ 20
(05 ) (19425 ‘{.’f’; ) =4 (o. oozo?:s—f:#)\é?‘[(o.als )((—I_%T)(o.zs) A —z_ﬁ_))iL }]
or 3
l/?_:: q90. 4 _éf 77”/\9’ @:ﬁz VZ = -g(;%ﬁ)z(?a‘t‘-g) =0./123 ‘E‘i

It both pipes were / in. c{l'amefcr Yen V=V, and E9.()) becomes
2= FV R L 1tk 1] o with ot BL, apd b0

o =%P‘4’[€%ﬁ- ”]

f

Hence /
(05”’)(/4# ) -L(oooza?iﬂ) [0015 40# +I]
or

V=97 {i 7'@;) Q=f Vo= %(;%H)z(fi/.:rgi) = 0.500{{95
Since p=0RT it follows that
es_(&) _£ % %

=0.00209 4

()

(2)

e % % 7 L weassme T =T, (i probably will not bs,

but it shovld be a reasonable approximation ) then

/47057 . . ;
% E -: : (o. ;:/; 7 );,J,- =0.967  The flow is neaf/)' /ﬂamlo/'e.s.r/é/e.
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w .
8./10% - 05

1in. 0.50 in.
tm | (2)

(3)

and the friction factors are not known a priori. 20 ft |

FIGURE P8./97

ﬁ I Ve
5 +zh}7/*zz+%§+i+z~3 where % 0,2,=2, , =0, V2= M?

T/vvs Eq.0) becames
f__-fﬁ (0?-5V2.2 +1C Vz
o:-r 29 - "? "3
=t oW a2y i
Wih =0 RT, or @o=

Eq (2 becames
gfg’”,)(/yy ) = J—(aoozo? £V, [(0 25) f(i"ff +szLof?)+1]

6.89x10% = V,“ (IS5 f, +480f, +/)
Also from Table 8.1 i %—I = o.%c:o5{+= 0-0_23;5H = 0,006

(o555 41475 )(/6‘6"”;)
RT "7 *”’R)(/sw%a)ﬁ

=0.00209

!l
and -5;=—%’—‘}—fﬁ=o.0/2
and &
Rey= Yl Re =Ylo \here from Table B.3
i v 2 _TJW ere 1rom Jable

los :
y=H o 218N _, oxs0 "‘—Eﬁ

Hence, Pq - (02515) (7 )
and B 2.00x/07HE T

_ VW (zq-H) 3
Re, = W =208V,

For torbulent flow Eq, 8.35 gives “v%' '“2‘-”"’9[ g3 ; H
e

=104 Vs

By combining Egs. (4) through (8) we obfain
. B -3, 2.4/x)07
Tr = 2.0/09[/.62;(/0 + _%W
and -2
a4 3 L2(x10
T =-2.0 }09[3.25“‘/0 + T.W:—J
(con't)

*3J0 ¢ Repeat Problem 8J07if the pipes are galvanized iron (0) l t | t \ : /
| 20 ft
i

hy =453, b= zﬁzz‘émﬂa'v-—r”‘- (5] =( 5 =025

Q]

(2)

slog
12

(3)
(%)

(s)

(8)

(7)

(8)

(9)

(10
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28, 10T | (con'{)

/} campufer ff/a/ and error .sa/mlwn me{}:ad QIV&F f/?e So/wlm/y ‘h? E?J‘ ( 3.) i ?J

and (19) gs*

f= 0.0%25 f, 20084 and = 47
Thus,

Q=4 V=50 Vo= 7 (%24 (54782 Z46x)0°* f"

If D=D,, then Vi=ls , f, =f, since £ = 4§, =0.006, and
<P = Vebs o Vo l(rzfl)
fie, = Re, = 21-/ T2 oozxfo i
Thus, Eq.(1) becomes
#0220V [£(55) +1]
or
(Osmz.)(l‘f'lf' "”,) =5(0.00209 & #_, sy 1t [fz iog +I]
Hence,
6.89x10" = \[*[4801,+]]
ﬂ/so from Eq. (8)

- —— -3, 4.03xj072
v- 2 olag[/,gzx/o + Wr_ }

2

= 416V,

(1)

(12)

A compuler solution of Egs.(Nand (12) gives
fa=0.0351 and V,=62.214t
Thys,

Q=A.V, =LV, =F ,—%f,t)zfgz.z{ipagyfﬁ

Nofe: Since =pRT it follows that

& (). ez

e 7 £y~ = If weasssme To=T, (it probably will pot be,

but it s/povld be a reasonable apprax;mafmn) then

L ﬁ. _IBIPN . 0.967 The Flowis nearly incompressible.
Co™ Lo (0.5 +47)psi
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8.110 |

8./10  The flowrate between tank A and tank
B shown in Fig. P8.1/0 is to be increased by 30%
(i.e., from Q to 1.30Q) by the addition of a sec-
ond pipe (indicated by the dotted lines) running

6-in.diameter; 6-in. diameter;
600 ft long 500 ft long

g/

from node C to tank B. If the elevation of the J . o0 —r{ 2

free surface in tank A is 25 ft above that in tank i

B, determine the diameter, D, of this new pipe. - N(3)
Neglect minor losses and assume that the friction Diameter D, 500 ft long
factor for each pipe is 0.02. FIGURE P8.//0

With the single pjpe : %-;.%i +Zg = %’*i\’% + Zg 41, 'é%ih;“;%ig P
where ﬁ=f8=0.r %:;VB:O ’ Zﬁ-'-'ZSf;’J Z5=0,
and V=V, (since D, =1,), (5004500}t 2
_ N (f +}] V; R 001500 !
T}]US, ZA )"; _._I.D:__z_'. é 3 or 25;’ (0.0ZJ (}%‘H) 2(32-2 %)
or 2
16,958 Hence, Q=AY = (£ (eosh) - 1185 £

With the second pipe @=130(l/88 éf) =l.5¥3f3f
Thes, @=1.548'=0,46, o Y= ';,‘TI(S,I:F% = 7644
For flvid flowing from A to 8 throvgh pipes 1 and 2,

Zy = }7‘, +ﬁ£2 =4V +f, -ﬁi % (see £g.(1)

/ Dl 257
p (284 &y # W
25t = (0.02) 620 (7845)" | 0.02)-500 A
"R 2fmatl) @2 em 2G2.10)

Heﬂce, V... 2 soﬂ

P == 5
ﬂﬂd 3

Q= Ao =Z (5 ) (2.608) =0.5// &
Thus,

Qg = 0;"' 01‘1.5’1‘-_?3-0.5”?-3 :/.og.éf

For floid flowing from A to8 throvgh pipes and 3,

_ ~ b vz A VA _f_1_l_3
Zy=ly by, "g'bf'i? +£'Z§E;_,wée/‘e l{;=% =J’T'031" = ’b‘?i
T/)Us’ 13y 2 Oy s

fy2 (
25 =(p.02) 820 (7.8%4% 02) 500t (ThAx)
ko (G2D) 2(32.2?;) S D;  2(32.2£1)
or
D,=0.662ft

Note : With the parameters given, Hhe solution is quite sensitive 4o
rovnd off errors in the calcolations
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Elevation =

| WmnH',g P8. 111 mconnecwdbyplpes
onias 850 ft
- (B)

0 i e

Ele\a’atlon =
805 ft
<)

BFIGURE P8.111

Assume the flow from both tanks A and B js info fark C or Q= @, 10x
Thus, ED Vs = FD} V+;¥D‘V, or 12%Vs=10*Y, + 117 V;.
Hence, Vs =0.6%V, +0.8%0 Ve | m
For H;e flow from 4 :‘oC wd}) Pafe=0, Vy=V.=0, we obtain

‘ bV 0.03 [gooif 2, 6oofty
Zﬁ £75L {3% g ,or 838 ft =805 {4 2(32'2§)[:H Vi+ 20 ]
)

33 = 0.373 ? +0.2334° (2)

Similarly for the ffow from B:‘aC with o / =0, ]{3 ¥ =0, we obtain
Za 2c+a‘;~5 35 ’3 X 4 G50 - aasm_mﬂ_)[ma 82081

4‘5 0.296 Vi* +0, 233‘.{3 (3)
Thus, 3 equations ((1,(2)and(3)) for V], Vo, and V5. Solve as follows
Subfracf (2) from (3) fo obtain
4)

1220296 V" - 0.373 V2
From (2): Vg =y/141.6 =1.6;* or when combined with (1)

J1#.6-16y% =0.694V, 10840V, or Vo= {200 -2.27V* -0.826V, (s)
Combine Eqs.(¥)and (5) to obtain’

'0.2?:)6 = [{200 -2.27Y* -0. 325V] g_% , Which can be simplified to

V, J200-2.27 V% =q6.5-1725V,* By Squaring this equation we (é)
oblain (afler simplification) : :
+ z2_ 7
V -/msvz H774 20 Hepce: V2= 1225 “V”g"s #1774) _ x

T}m =8.8948 o V=473 4
/Vofe T/Je Vi =8.89 solvtion is an extra root infroduced by squaring Eq.(%).
It is not a solution of 1he original £gs. (1),(2)(3), For 1his valve 61 £6)

becomes 85?/200 ~2.27(8.89%) £ 94.5-1.725 (s, 8?)) or 40=-40"

Thos V= 4738 | from Eq. () Vs =[22=93BEBI12 0 5 4

and from Eq.() Vy= L2206 C473) - .35 ff
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8.11'2

Elevation = 60 m
o (A)

Elavation = 20 m

8.122 The three water-filled tanks shown in Fig.
P8/IZ are connected by pipes as indicated. If

minor losses are neglected, determine the flow-
rate in each pipe.

D
t
f
FIGURE P8.1/2

Assume the flvid flows from Ato B and AtocC. Thus, @, =@, +8,
or E(oim)*V, = Flo.08m)*, + Z(0.08m)*V,

Y9y =064V, to.sn,
For flvid f/owmq fram/HaB with 4= fa=0 and V=V

2
Zy = 23+ID,2;+{212\./;
or z

. 200m\ __V, 200m\ Vi
60m 20m = (0,0/5)( o.lm ) 2(48/&) +(0 020)(0.08”1 2(48[

‘l

chce,
40= 1529 V,*+2.55\,*

Similarly, for flvid flowing from AtoC with VY
2=, +§4 2\; 3

” : 3 29 )
2.
= 200m 1 400/” Vs
60m (0.015)( oim ) 3t78; +(0 ozo)(oogm 2-——-(? Yy
Hence,

60=1.529V? + 5.0V,

Solve Egs. (1),(2), and (3) for V,, Vs, and Vs, From E;s (1) and (3):

60=1.529 (0.64)*(Vy +V;, )* +5.0 %% or 958 =(Vat VoY + 8.4 V*
Svbtract Eq.(2) from £g.(3):

60-40=5.10V;*+ 2.55U% or =2V ~ 785"
T/}Us from Egs. (%) and (5) : 8. 14V, + /2% 797’“{3) ~95.9 =0
This can be simplified to

2V /2 -784 = 103.6 - 1. 14V,*

rearrange 1o give V,”

by the quadratic formvla to give
™ 19.63% \/19.63*- 4(42.5)
i3

or Va=2.802

Square both sides and

=177 opr 7.86 Thys %:3‘43.\%

__ (con't)

fc =() and %:—:VC :0}

/?63\{-,. +492.5 20 which can be solyed

(n

(2)

(3)

4

(5)

(6)
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8' I ,'2

(con't)

Note: The valve V,=3.43%2 is not a solvtion of the original equations,
Egs. (1),(2),and (3).  Wrih {his valve the right hand side of Eg.(6)
/s negative (i.e. 103.6 - 114 Vs> 03,6~ 1114 (3.43)%= -245) s
seen from the letf hand side of £4.(8), Hhis camot be. This extra
root was infrodvced by squaring £q.(6).

Thus, §,= AsVh = (008m)” (2.802) = 0.0 2°
ﬂ/so, from Eq. (3)-

60=1529)*+5.10(2.80)° 4 Vi=3422
o @ =AV, =E(o1om)?(3.622) = 0.0284
and from Eq.(1):

3' 62 = 0.64 Vz_ +0.66L(2.80) or VZ:: 2'86%
or T 2 3
Qz =R, Vo = % (0.08m) (2.86 %) =0. 0/43%
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g3

B-113 (See “Deepwater pipeline,” Section 8.5.2. ) Five oil \ Lateral {Q
fields, each producmg an output of Q barrels per day, are con-

nected to the 28-in. -dlamctcr main line pipe” (A—B-C) by 16-

in.-diameter “lateral pipes” as shown in Fig. P8.113 The fric-

tion factor is the same for each of the pipes and elevation effects Mam line kQ

are negligible. (a) For section A—B determine the ratio of the

pressure drop per mile in the main line pipe to that in the lat- HFI G URE P&/I3

eral pipes. (b) Repeat the calculations for section B—C.

2 2 i
For any of the pipe sections éﬁ = f%;‘% Lo ApEpV i
ﬂa .
(@) 7771!::J Afhs = 5 p%; ﬂ,g %i and AP Z 2_9 fﬁ,; lut w/wre fyg = f/,,,t

Hence,

Afrs /Jas _ (Vo /Dag)

801t D Vit / Dit)

H/.IDJ 2
Qns =3Q sothat gbﬁ: %5’ 3 'ZIED/‘: Vit or MVB/VM ':S(Diaf /Dﬂe)

Thus, E‘? (1) becomes

/j 2 s
oharty el (32)-9( 3 eo( )0 50

(b) 5im/'/ar/)3 for section B¢
AL /jﬂc ‘iLPV&z f/Dgc so that
apgcPac _ (Vat /Dac)
2Pyat /)t (Viai/ Djat)

Also,
Qoc =50 , or Voe/Viey =5 (Diag /0pz)" so that Eg.(2) becomes

e [0 i

APt 200t/ Dt Dge 20Mm:) e

)

(2
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8./16

8.116 A 2-in.-diameter orifice plate is inserted in a 3-in.- 7 3
diameter pipe. If the water flowrate through the pipe is 0.90 cfs, ; oy
determine the pressure difference indicated by a manometer ""b D=3in. d=2in.
attached to the flow meter, } |'r

3
'%" P Q: 0‘70_{5;{-) and

@=C,A, ]/%%g%) where @ = %

Also, ' Ao= git"
Re="2, where V=5 = 975 2 it
Thus Lo
Re = “:fzf‘: fo( 's}ﬂ) = 295x10°  Hence, from Fig.8.4! ¢ C,=0.608

S0 ‘H’naf

=(0.608 Z(2 ) 2 (Pl -fa-)
0.9 £=(0.608)Z fﬂ&%%gw@m

or _sua I
f -ﬂz -—-35?0-{-71 2. * Tﬂ_-"
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8.//7

8.1/7  Air to ventilate an underground mine flows through r il' 6m
a large 2-m-diameter pipe. A crude flowrate meter is constructed V
by placing a sheet metal ‘‘washer’’ between two sections of the — ke 2Zm .
pipe. Estimate the flowrate if the hole in the sheet metal has a (1) (2)
-diameter of 1.6 m and the pressure difference across the sheet l I
metal is 8.0 mm of water.

ap=dh

- 2(P1-fa) _ ~ 4, v2 |_2(0.008m)(4.80x10°L%)
Q Co/qo P(,— e%) C; 4 (/-5”1) (/'23%;)[1— (/.‘m )y-}

2.0m

or
Q=295¢C, £

= DV
A/é-Q, ﬁe_ v

d
an_ d _ Lém e
e= D -~ 2om ~Y

Trial and error solution:

i 3
Assvme C, =0.61 so 7‘/7:7‘ from Eq.(1) Q=29.5(0.61)=18.0%"

m

8.0 = m

Hence, V= 76;— = —L—l = 573 &
Z (2.0m)

W

(2m) V
/. %6x]p™5 :r"f i

Re=1.37x10°V where V~ 2

From Eq.(?—)) /?e =/.37x/05(5,73) =785 x/05

This Re and B give C, = 0.6/ (see Fig.8.41) which agrees
with the assomed valve.

P
Thus, @=/8.0%

§ =]

(1)
(2)
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8.1/8

8..//8 Water flows through a 40-mm-diameter
e I

nozzle meter in a 75-mm-diameter pipe at a rate
of 0.015 m/s. Determine the pressure difference —AD=0.075m  d=0.04m
across the nozzle if the temperature is (a) 10 °C, 71

or (b) 80 °C. 9=0.015 2
‘ S

2(f-£) =4 _ Z0mm
Q:Cn /)ﬂ —?(;’—%, where p..%: 7.gmm o
Thus, [ 200-f2)
0.0/52 =, % (0.04m) p({-ofsas’*‘)

or
Cn"/ﬂ_fg =8-o9eli"Wbef? PN%J ﬂ_ z“ﬁi i
Al _ VD _ V(o075 . @ oos

S0, Re = -YV— = \L"V_ﬂ)’ with V'E%g = *_—g(o.wsm)z = 3,6‘03”-7'

W
a) Assume T=10Cor from Table B.2 : (3-_-9927%% , ¥=1.307x/0 g &

Thus, m
Re = (3. 405 )(0.075m) =1.95x10° so that from Fig.8.43:

1.307x)5 %"
C, = 0.986
From Eq.()°  0.986 =8.09(9%9. 7)Jior Prpe= 6.73x10"‘mﬂz

Thus, P, ~fa= 67.3 kPa

b) Assume 7=807, of from Table B.2 : (J=97A8-,-lf,% , ¥ =3.65x0 n
Tbu.r, m
Re= (3407 )05 ) = 6.?57?(/05:0 that from ﬁ'g. 8.43:

3.65x)0 72
C,=0.99/ .
From Eq.00:  0.991/g~p, =8.09(971.8Y%0r g-p,= 64850
Thus,

£, =648 kla
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8./19.

8.1/9  Air at 200 °F and 60 psia flows in a 4-
in.-diameter pipe at a rate of 0.52 Ib/s. Determine

the pressure at the 2-in-diameter throat of a Ven-
turi meter placed in the pipe.

W= Cﬁ-,- [2(p1-£2) wbereﬁ’ —d- L0

e 9") , Zn =05 and ¥@=0.52 16 )
Alse, o= = G las’ 2 ) =7.43x0°5
H” (1 7161 ,R)(zoowgo)‘w f
S0
i I= Pg = (753x/03-§%2)(32-2ﬁ) =0, 2%}% 5
T/w_q _ o522 . 13 L _ 2105 _ 1
Q= e b = 2/ and V=g (i =242%£
Also, fram Table 8.3, /a 4 49x]0 ”’3 s0 f/)qf
. _ (7630 3775")(2%2 )(;éﬁ) _ 5
Re 44‘?X}0”b5 /.37X/0

Eiid
HenceJ from Fig. 8.45,
o (#-£5)
fin T = )
E;om Eq(1)¢ 2.1 ’;098) (—%H)l/(?ds 10'3%%39)(1—0.5*‘)
_ﬂl fz—* 31)‘8 H: (W) —'002-42. ;%"i

Thus, p,=(60-0.242)psia = 59.76 psia
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8.120

.......... air

8..120 A 2.5-in.-diameter flow nozzle is in- I h_:ﬂﬂv
stalled in a 3.8-in.-diameter pipe that carries water |
at 160 °F. If the air—water manometer used to
measure the pressure difference across the meter V 5 [ ’ (i

indicates a reading of 3.1 ft, determine the flow- = D=3.8fn.(- . : d=2.5in
© Sin.

rate. l (_*
Q:Cnﬂn %J where g——i ::85‘;? =0. 658 0!

From Table 8.1+ 0 =1.896 S¥% | 4=832x10° %3 5o that
fe= B12.E sos 3y y 3B

8.32x10°¢ ’gf
"Re = 7.22x)0 “V, where V~&
ﬂlsa with @ = ﬂDzV £9.(1) becomes (Usmg £ =pP2=0h):

(2)

2. _ 5 2(32.2£.)(1.896 %)(3 1)
R V=G R ) [ (1895 £%) (1-0.658") J
or
V=678 Cn &)

/rial and error solvtion using Frg. 8.43 for Cp=0Cp(Re, B=0.658):
Assume C;,=0.99 From £q.3) V=678 (0.99)=6.7/14
From Eq. (2) Re=7.22x10%(6.718) = 484x19° which from
Fig. 8,43 gives C,=0.99 (checks with assumed valve)

3
Thus, V=6.718 and @=Z0*v=Z(EEH) (6.718) = 0529 £
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8,429

T Pt ar
8./21 A 0.064 m-diameter nozzle meter is installed in a 0.097 m- £ |
diameter pipe that carries water at 60 °C. If the inverted h=lm i
air—water U-tube manometer used to measure the pressure dif- ¥
ference across the meter indicates a reading of 1 m, determine | 4
the flowrate.

@ d=0064m
'r¥

I\

(1) Q=Cnﬁ,,]}—?é%€{l€%"—)) where @=—g- %%?;—,mn- =0.660

From Table B.2: g = 983.2 .,%7_5 , A= #.JJSXIUJ’&-/,\,,/";' so that

| k
_ VD _ (9832 5%) V (0.997m)
Re="Z 665n)07 LS

or
Also, with @=L 0*V  and pr=p, =Th =pgh= 9832 £ (98/%%)(Im)
equation (1) becomes _ 9,65xm‘7’.’})’%

3N A
E 0 A — _ﬂ- 0‘056‘ Z 2 (?'6.5"/0 m2 2
4 fadirml il # ”) (983.1 ;.13) (1-o0.460%)

or
3) V=214#C,
Trial and error solvtion using Fig. 843 for C,=C, (Re, 8=0.460)
Assome G, =0.99  From £9.03), V =2.14(0.99) = 2./12.1
From Eg.(2)  Ke=2.04x/0°(2.12) = 44 32 x10° which from
Fig. 843 gives Cy= 0.99 whish checks with the assimed yalve,

3
Thys V=225 and Q =ZD*V=F(0097m)*(2.122) =0.0157 5
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8./22

8./122 Water flows through the Venturi meter
shown in Fig. P8./22. The specific gravity of the
manometer fluid is 1.52. Determine the flowrate.

¥=cC, /)T/%(%, where @=-g—= g:g =0.5 ;

Also,
P U= ) U or -y (s6-Dh = pg (s6-Dh

Hence, T
9=G,A l/zpe(f fe'*)— i

A
2(32.28) (152-1) Zu)1*
chv?(ﬁﬁ) [ (1-0.5%) % ]

Thus,
@=0.1198C,  Assume C,=0.98 so that Q=0.1198 (0.98)=0.117 4t
Hence, 3

£
@ 0.117 % " ﬂ
== == = 0,59%
ﬂ‘Dz 2(,2{#)2 < So 7‘/)07!
Re = 3 . 2/xm“sﬂ3 '
From Fig. 8.45 af this Re, C,%0.96 +o. 98, the assumed vale.

//el)ce, assume C,=0.,76 , or
3
Q=0.1198 (0.96) = 0.1/5 4 4pd V=:‘% =0.586 {

6
D :
Tberefor‘”ej Re= ?236’0(_}) =2.42x10% so that from Ff-g, 8.5

CV 2 0.96 Checks wi1(/) assumed valve.
3
Hence, @=o0.115&
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123

823 Water flows through the orifice meter shown in

Fig. P8.423 at a rate of 0.10 cfs. If d = 0.1 ft, determine the
value of h.

FIGURE P § 123

Q= c,qo]/?ﬁ—@% where @ = =—°2’—g-06 £,~f.=Th=e3h

Alse, V=L o108
B Z(zA)
R, = V0 _ tseB(FEr)

=458 ifg‘l' so that

= = /2“/05_&, =&, 3/X/0# Hcem:eJ from Hg 8.4/J C,=0.616

There faf‘e from Eq.(1):

28
0.104 @é/é)E(Olff)J zpiffzofgih or h=5774

()
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8./24

8.124

flowrate,

Water flows through the orifice meter shown in
Fig. P8./23 such that h = 1.6 ft withd = 1.5 in. Determine the

i

Ty FIGURE P8. /23 N
V=0, HOV% , where g=4 = —éfn—’” = 0.75 and p,,=¥h=pgh

9= ;, '%(—,%5{-})2[ 2 p(sz.z-_fgt)(!.éﬁ‘)] £

9(/—07.54)
or
@=0.151¢, (@ 0
/q/SO RE" 1V/D %? ‘/38)(/04 WAEPE V ﬁ%‘z-—-ﬁf‘_g.sq) (2)

Trial and error solvtion:

Assyme ¢, = O 6: or from Eg. (), @ = 0.5/ (0.6)= 0.0906 {:is

/fel)ceJ from Eq.(2), V'=45.8(0.0906)=4.15 4p] Re =5,73% 0%

From F;'g. 841 with #his Re and g i Co=0.622 0.6 (the assumed valve)

RAssume C,=0.62 or Q=0.151(0.62)= 0.0936 L’ Thus V=455 (0. 0934)
or V=429 4,4 Re = 5.92x10", From Fi. 8#/ C,=0.62, the

assumed Valpe. .
/VE!)CE, Q:: 0.0934 -g—
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8.125

8.125 The scale reading on the rotameter shown in Fig, P8.125
and Video V8.14 (also see Fig. 8.46) is directly proportional to the

volumetric flowrate. With a scale reading of 2.6 the water bubbles =

up apprommately 3 in. How far will it bubble up if the scale read- ! 6

mg is 5.07 5 i' =1 ;s ;
&
: 1:]@ 3.

Rotameter

W FIGURE ¥8.las

ﬂ,lz‘-fvlz'—-z‘ = L2 42,_41/22

iy =
Wfle:;z-’ﬂ Z,=0, V=0 50 that with no Jasses (b, =

(1) Z =2z,
For the rotameter @ =K xSR where SR =scafe /‘eaa(/'ﬂq and
8 K is a constant
| A ’ -%— = }%—I‘E@ so That when combined with £4.0/)
K (sp? K(2.4) 2(2.6)" K"(s.o)" N
TQ,T(Z%) =% or ﬂ/(?} '(/?-H) /9,(2;) 7

By dividing these fwo equations,

=

= -‘50.925'{ =//, “
o R f =1t
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3./26

8./2¢  Friction Factor for Laminar and Transitional Pipe Flow

Objective: Theoretically, the friction factor, £, for laminar pipe flow is given by
f = 64/ Re, where the Reynolds number, Re = pVD/u, is based on the average velocity, V,
within the pipe and the pipe diameter, D. Also, the flow is normally laminar for Re < 2100.

The purpose of this experiment is to use the device shown in Fig. P8.126 to investigate these
two properties.

Equipment: Small diameter metal tubes (pipes), air supply with flow regulator, rotame-
ter flow meter, manometer.

Experimental Procedure: Attach a tube of length L and diameter D to the plenum. Ad-
just the flow regulator to obtain the desired flowrate as measured by the rotameter. Record
the manometer reading, , so that the pressure difference between the plenum (tank) and the
free jet at the end of the tube can be determined. Repeat for several different flowrates and
tube diameters. Record the barometer reading, H,,,, in inches of mercury and the air tem-
perature, 7, so that the air density can be calculated by use of the perfect gas law.

Calculations: For each of the data sets determine the pressure difference, Ap = y,.h,
between the plenum pressure and the free jet pressure. Here v, is the specific weight of
the manometer fluid. Use the energy equation, Eq. 5.84, to determine the friction factor, f.
Assume the loss coefficient for the pipe entrance is K; = 0.8. Also calculate the Reynolds
number, Re, for each data set.

Graph: On a log-log graph, plot the experimentally determined friction factor, f, as ordi-
nates and the Reynolds number, Re, as abscissas.

Results: On the same graph, plot the theoretical friction factor for laminar flow,
f = 64/Re, as a function of the Reynolds number. Based on the experimental data, determine
the maximum value of the Reynolds number for which the flow in these pipes is laminar.

Data: To proceed, print this page for reference when you work the problem and c¢lick here
to bring up an EXCEL page with the data for this problem.

W FIGURE P8./26

Lcon’t)
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§.126

(con't)

Solution for Problem 8./26: .Friction Factor for Laminar and Transitional Pipe Flow

Il
24

h, in.

D=0.108 in
D
6.75
6.26
5.54
4.66
4.29
3.92
3.48
3.21
2.34
1.86
1.11
0.63

D =0.046 in
9.52
7.68
7.08
5.26
3.39
2.61

D =0.063 in
4.58
3.32
2.51
1.48
0.86

Hatm: in. Hg  T,deg F

28.9

Q, mli/min

. Data

6600
6200
6000
5650
5150
5000
4860
4600
4500
3700
2900
1800
1100

. Data

560
475
425
315
221
165

. Data

925
680
530
325
190

p = Pa/RT where

Patm = YHz2o Hatm = 847 Ib/ft*3*(28.9/12 ft) = 2040 Ib/ftr2

73

Q, cfs

0.003887
0.003652
0.003534
0.003328
0.003033
0.002945
0.002863
0.002709
0.002651
0.002179
0.001708
0.001060
0.000648

0.000330
0.000280
0.000250
0.000186
0.000130
0.000097

0.000545
0.000401
0.000312
0.000191
0.000112

R=1716 ft Ib/slug deg R

T=73+ 460 =533 deg R

Thus, p = 0.00223 slug/ft*3 and y = p*g = 0.0718 Ib/ft"3
Also, p = 3.83E-7 |b s/ftA2

Theoretical for laminar flow: f = 64/Re = 64/(pDV/p)

V, fps

614
57.40
55.55
52.31
47.68
46.29
45.00
42.59
41.66
34.26
26.85
16.67
10.18

28.58
24.24
21.69
16.08
11.28
8.42

2517
18.50
14.42
8.84
517

Re

3202
3008
2911
2741
2499
2426
2358
2232
2183
1795
1407
873
534

638
541
484
359
252
188

770
566
441
270
158

0.0341
0.0349
0.0345
0.0344
0.0349
0.0339
0.0325
0.0322
0.0307
0.0338
0.0461
0.0758
0.1194

0.1007
0.1134
0.1311
0.1785
0.2348
0.3256

0.0838
0.1140
0.1431
0.2270
0.3893

Theoretical
Re f
100 0.6400

2100 0.0305

Aply = (fLD + K_ + 1)(V*2/2g) where K_= entrance loss coefficient = 0.8 and V = Q/(nD*2/4)

(con't)
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(con’t)

Problem 8./ 26

Friction Factor, f, vs Reynolds Number, Re

1.00

0.10 N |
N
N ‘ 1§
X |
P3N
!
0.01 J
100 1,000
Re

10,000

& Experimental, D =0.108 in.

= Experimental, D = 0.046 in.

® Experimental, D = 0.063 in.
—— Theoretical, laminar
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8.127

8./27  Calibration of an Orifice Meter and a Venturi Meter

Objective: Because of various real-world, nonideal conditions, neither orifice meters nor
Venturi meters operate exactly as predicted by a simple theoretical analysis. The purpose of
this experiment is to use the device shown in Fig, P8./27 to calibrate an orifice meter and a
Venturi meter.

Equipment: Water tank with sight gage, pump, Venturi meter, orifice meter, manometers.

Experimental Procedure: Determine the pipe diameter, D, and the throat diameter, d,
for the flow meters. Note that each meter has the same values of D and d. Make sure that the
tubes connecting the manometers to the flow meters do not contain any unwanted air bubbles,
This can be verified by noting that the manometer readings, &, and h,, are zero when the sys-
tem is full of water and the flowrate, 0, is zero. Turn on the pump and adjust the valve to
give the desired flowrate. Record the time, #, it takes for a given volume, V, of water to be
pumped from the tank. The volume can be determined from using the sight gage on the tank.
At this flowrate record the manometer readings. Repeat for several different flowrates.

Calculations: For each data set determine the volumetric flowrate, Q = V/t, and the pres-
sure differences across each meter, Ap = vy h, where v, is the specific weight of the manome-
ter fluid. Use the flow meter equations (see Section 8.6.1) to determine the orifice discharge
coefficient, C,, and the Venturi discharge coefficient, C,, for these meters,

Graph: On alog-log graph, plot flowrate, Q, as ordinates and pressure difference, Ap, as
abscissas.

Result: On the same graph, plot the ideal flowrate, Q.. (see Eq. 8.37), as a function of
pressure difference.

Data: To proceed, print this page for reference when you work the problem and ¢lick here
to bring up an EXCEL page with the data for this problem.

. PUMP Venturi meter  Orificemeter  w FIGURE P8. 127

(con’t)
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8.122 | (con’t)

Solution for Problem 8.127': Calibration of an Orifice Meter and a Venturi Meter

d, in.
0.625

t s
27.0
13.2
34.2
16.6
12.0
1.7
15.4
25.1
20.4
17.3
16.7

D, in.
1.025

h,, in.

9.3
37.1
5.5
23.9
43.2
51.3
27.9
10.1
14.7
21.4
26.7

V, gallons
2.00

h,, in.
3.8
14.5
1.9
10.1
18.1
219
11.2
4.2
6.2
8.7
11.2

Ap,, Ib/fth2  Ap,, Ib/ftr2  Q, f/s

48.4
192.9
28.6
124.3
2246
266.8
145.1
52.5
76.4
111.3
138.8

19.8
75.4
9.9
52.5
94.1
112.8
58.2
21.8
32.2
45.2
58.2

0.0099
0.0203
0.0078
0.0161
0.0223
0.0229
0.0174
0.0107
0.0131
0.0155
0.0170

Average discharge coefficient:

Q =V gallts x (231 in."3/gal)x(1 ft*3/1728 in.A3)

AP = Yu20*h = 62.4 Ib/ftA3 *h ft

Q, =A[1 - (AJA, )22]"0.5*C,*(2*g*APy/Y120)"0.5

and

Qo =A1 - (AzlA1)"2]10.5*Co*(2*g*APo/Y120)"0.5

where

A = D"2/4 = x (1.025/12 ft)A2/4 = 0.00573 ftr2

and

A; = d"2/4 = nt (0.625/12 t)72/4 = 0.00213 ftr2

Co
0611
0.626
0.627
0.620
0638
0.600
0.618
0.631
0.643
0.629
0.620

0.624
orifice

C,
0.956
1.001
1.067
0.953
0.985
0.923
0.976
0.978
0.990
0.986
0.957

0.979
venturi

Ideal
C=1
Ap, Ib/fth2
18.0
75.5
112
47.7
91.4
96.1
55.5
209
31.6
44.0
53.4

0.100

0.010

Q, ftA3/s

0.001

Problem 8.127

Flow Rate, Q, vs Pressure Difference, Ap

+ Experimental, orifice
m Experimental, venturi

| 1
T ‘7
] e ®
o®
r .
| = 5 _‘ :
|
10 100 1000
Ap, Ib/ftr2

Theory, C = 1
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§.127

8.428  Flow from a Tank through a Pipe System

Objective: The rate of flow of water from a tank is a function of the pipe system used
to drain the tank. The purpose of this experiment is to use a pipe system as shown in
Fig. P8.12% to investigate the importance of major and minor head losses in a typical pipe
flow situation,

Equipment: Water tank; various lengths of galvanized iron pipe; various threaded pipe
fittings (valves, elbows, etc.); pipe wrenches; stop watch; thermometer.

Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit-
able pipeline through which the tank water may flow into a floor drain. Measure the pipe di-
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea-
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe.
Also determine the cross-sectional area of the tank, A, Fill the tank with water and record
the water temperature, T. With the pipeline valve wide open, measure the water depth, A, in
the tank as a function of time, ¢, as the tank drains.

Calculations: Calculate the experimentally determined flowrate, Q,,, from the tank as
Qex = —Aunk dh/dt, where the time rate of change of water depth, dh/dt, is obtained from
the slope of the & versus ¢ graph. Select a typical water depth, A, for this calculation.

Graph: Plot the water depth, A, in the tank as ordinates and time, ¢, as abscissas.

Results: For the pipe system used in this experiment, use the energy equation to calculate
the theoretical flowrate, Q, based on three different assumptions. Use the same typical water
depth, hy, for the theoretical calculations as was used in determining Q,,. First, calculate Ou
under the assumption that all losses are negligible. Second, calculate Q,, if only major losses
(pipe friction) are important. Third, calculate Q,, if both major and minor losses are important.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

Fittings

® FIGURE P8. /29

(con’t)
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§.- 2% |(con’t)

Solution for Problem 8.128: Flow from a Tank Through a Pipe System

The pipe is galvanized iron with threaded fittings.
The system contains:

D, in.
0.595

h, ft
1.00
0.90
0.80
0.70
0.60
0.50
0.40

one sharp edged entrance
one fully open globe valve
two 45-deg elbows
four 90-deg elbows

Avan, ft2 H, ft  Total pipe length, in. T, degF
0.654 1.00 135 ¥l

t s
0
13
26
40
54
67
81

Experimental: Qgy = -(dh/dt)*A, = -(0.0074 ft/s)*(0.654 ft12) = 0.00484 ft 3/s

Theoretical with no losses: Qy, = V,*A,, where when h = 0.90 ft

V, = (2g*(h + H))A0.5 = (2*32.2*(0.9 +1.0))*0.5 = 11.06 ft/s
and with A, = tD"2/4 = 1*(0.595/12 ft)"2/4 = 0.00193 ft"2
Qu = 0.00193 ftA2*(11.06 ft/s) = 0.0213 ftA3/s

Theoretical with major losses: Qy, = V,*A,;, where the energy equation gives

h+H= V22/2g(1 + fL/D), where again use h = 0.90 ft and f is a function of Re and /D
Thus, with h = 0.90 ft,

1.9 = (V,2/64.4)*(1 + f*135/0.595), or

122.4 = V,*(1 + 2271)

Re = V,D/v = V,*(0.595/12 ft)/(1.04E-5 ft"2/s) = 4768*V,

and

¢/D =0.0005 f/(0.595/12 ft) = 0.0101

Trial and error solution: Guess f, solve for V,, calculate Re, obtain new f from Moody chart
The solution is: f=0.041, V, = 3.44 ft/s, Re = 16,430

Qy, = 0.00193 ftA2*(3.44 ft/s) = 0.00664 ft*3/s

Theoretical with major and minor losses: The energy equation gives

h+H=(1+fL/D +ZK)V,%/2g

where ZK_ = 0.5+ 10 +2*0.4 + 4*1.5=17.3

Thus, with h = 0.9 ft

1.9 = (V,%/64.4)*(17.3 + f*135/0.595), or

122.4 = V,**(17.3 + 227f)

Trial and error solution gives‘? f=0.42, V, =214 ft/s, Re = 10,200
Qq, = 0.00193 ftA2%(2:14 ft/s) = 0.00413 ft"3/s

* As an altemate solution method, use the Colebraok equation (Eq. 8.35) rather than the Moody chart (Fig. 8.20) and
use a computer root-finding technique to solve the equation.

(con’t)
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(con’t)
Problem 8.123
Water Depth, h, vs Time, s
1.2 1
1.0 \
0.8
b= 06 ¢ Experimental
£ N —Linear h vs t
0.4 \
= -0.0074t + 0.9965
0.2
0.0 : | |
0 20 40 60 80 100
t,s
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8.129  Flow of Water Pumped from a Tank and
through a Pipe System

Objective: The rate of flow of water pumped from a tank is a function of the pump prop-
erties and of the pipe system used. The purpose of this experiment is to use a pump and pipe
system as shown schematically in Fig. P8.12 %10 investigate the rate at which the water is
pumped from the tank.

Equipment: Water tank; centrifugal pump; various lengths of galvanized iron pipe; various
threaded pipe fittings (valves, elbows, unions, etc.); pipe wrenches; stop watch; thermometer.

Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit-
able pipeline through which the tank water may be pumped into a sink. Measure the pipe di-
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea-
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe.
Also determine the cross-sectional area of the tank, A,,. Fill the tank with water and record
the water temperature, 7. With the pipeline valves wide open, measure the water depth, &, in
the tank as a function of time, 7, as water is pumped from the tank.

Calculations: Calculate the experimentally determined flowrate, Q,,, from the tank as
O = —Apn dh/dt, where the time rate of change of water depth, dh/d, is obtained from
the slope of the & versus ¢ graph.

Graph: Plot the water depth, A, in the tank as ordinates and time, 7, as abscissas.

Results: For the pipe system used in this experiment, use the energy equation to calcu-
late the pump head, hy, needed to in order to produce a given flowrate, Q. For these calcu-
lations include all major and minor losses in the pipe system. Plot the system curve e,
pump head as ordinates and flowrate as abscissas) based on the results of these calculations.
On the same graph, plot the pump curve (i.e., hy as a function of Q) as supplied by the pump
manufacturer. For the pump used this curve is given by

hy = =244 X 10°Q* + 51.0Q - 125

where Q is in ft’/s and hy is in ft. From the intersection of the system curve and the pump
curve, determine the theoretical flowrate that the pump should provide for the pipe system
used.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

® FIGURE P8./29
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Solution for Problem 8.12%: Flowrate of Water Pumped from a Tank and Through a Pipe System

The pipe is galvanized iron with threaded fittings.
The system contains:

one sharp entrance

eight 90-deg elbows

two 45-deg elbows

two globe valves

one union

D, in. Aang A2 H, ft  Total pipe length, in. T, deg F

0.625 0.647 3.50 242 62
Pump equation System equation
h, in. t s hp, ft Q, ft*3/s  V, ftis Re f
25 0 12.50 0.000 0.00 0
24 7.6 12.31 0.001 0.47 2070 0.0309
23 16.1 11.63 0.002 0.94 4140 0.0490
22 252 10.46 0.003 1.41 6210 0.0470
21 32.3 8.80 0.004 1.88 8281 0.0450
20 40.8 6.66 0.005 235 10351 0.0430
19 48.9 4.02 0.006 2.81 12421 0.0425
18 ol 0.90 0.007 3.28 14491 0.0420
17 65.7
16 74.9
15 82.7
Experimental:
Qex = -Aank“(dh/dt) where from the graph, dh/dt = -0.1204 in./s
Thus,

Qex = ~(0.647 t72)*(-0.1204/12 ft/s) = 0.00669 ftA3/s

Theoretical:
The energy equation gives

h +h, - h, = H +V?/2g, where

h, = (fL/D + ZK)*V?/2g = (f*(242 in./0.625 in.)+0.5+8%*1.5+2%0.4+2*10 + 0.08)*V?‘l2g
= (387*f + 33.4)*V?/(2*32.2) = (6.01*f + 0.519)*V?

Thus, with h =18 in. = 1.5 ft,

he=H-h+h +V%2g=35-15+(6.01*f + 0.5619)*"V? + V(64 4)

or

hp = 2.0 + ( 6.01*f + 0.535)*V?

But V = Q/A = Q/(rD%/4) = Q/(x*(0.625/12 ft)*2/4) = 469*Q

Thus, the system equation is

hp, = 2.0 + ( 6.01%f + 0.535)*(469*Q)* = 2.0 + (1.32E+6*f + 1.18E+5)*Q?

Also, obtain f from the Moody chart with

Re = VD/v = V*(0.625/12 ft)/(1.18E-5 ftr2/s) = 4414*V

¢/D = 0.0005 ft/(0.625/12 ft) = 0.0096

From the graph, the pump and system equations intersect at Q,, = 0.0051 ft"3/s

(con’t)

h,,

2.16
273
3.62
4.84
6.37
8.27
10.50
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8130  Pressure Distribution in the Entrance Region of a Pipe

Objective: The pressure distribution in the entrance region of a pipe is different than that
in the fully developed portion of the pipe. The purpose of this experiment is to use an ap-
paratus, as shown in Fig. P8.139 to determine the pressure distribution and the head loss in
the pipe entrance region.

Equipment: Air supply with flow meter, pipe with static pressure taps, manometer, ruler,
barometer, thermometer,

Experimental Procedure: Measure the diameter, D, and length, L, of the pipe and the
distance, x, from the pipe inlet to the various static pressure taps. Adjust the flowrate, Q, to
the desired value. Record the manometer readings, h, at the various distances from the pipe
entrance. Record the barometer reading, Hy,, in inches of mercury and the air temperature,
T, so that the air density can be calculated by use of the perfect gas law.

Calculations: Determine the average velocity, V = Q/A, in the pipe and the pressure
P = Ynh at the various locations, x, along the pipe. Here v, is the specific weight of the
manometer fluid.

Graph: Plot the pressure, p, within the pipe as ordinates and the axial location, ¥, as
abscissas.

RESULT: Use the graph to determine the entrance length, L., for the pipe. This can be
done by noting the approximate location at which the pressure distribution becomes linear
with distance along the pipe (i.e., where dp/dx becomes constant). Use the experimental data
to determine the friction factor for fully developed flow in this pipe. Also determine the en-
trance loss coefficient, K .,.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

T
h
4

Water

Static pressure

& | I (e
/_.

le— o —

# FIGURE P8.130

(con’t)
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Solution for Problem 8.130: Pressure Distribution in the Entrance Region of a Pipe

D, in. L, in. Q, ft"3/s  Hym, in.Hg T,degF
0.74 50 0.481 29.7 75
X, in. h, in. p, Ib/fth2

0 9.98 51.9

1 £.21 7.5

2 6.61 34.4

4 6.19 32.2

6 5.82 30.3

10 5.15 26.8

15 4.23 22.0

20 3.64 18.9

30 2.28 11.9

40 1.09 8.7

50 0 0.0

p = Pam/RT where
Patm = YHg Hatm = 847 Ib/ft"3*(29.7/12 ft) = 2096 Ib/ft’2

R = 1716 ft Ib/slug deg R
T=75+460=535degR
Thus, p = 0.00228 slug/ft3
V = Q/A =(0.481 ft3/s)/(n*(0.74/12 ft)*2/4) = 161 fi/s
P = Yh20™h

From the graph, the p vs x results are linear after (approximately) x = 15 in. Thus, L, = 15 in.

For the fully developed flow portion, dp/dx = -fpV*2/2D and from the graph dp/dx = -0.635 (Ib/ftA2)/in.
Thus,
f=0.635 (Ib/ft"2)/in.*2*0.74 in./(0.00228 slugs/ft"3*(161 ft/s)*2) = 0.0159

From the entrance to the exit of the pipe p = (K, + fL/D)pV*2/2
Thus,

KL = 2pen/(pV*2) -fL/D= 2*51.9 Ib/ftA2/(0.00228 slugs/ft"3*(161 ft/s)*2) - 0.0159*50in./0.74 in.
=0.682

Results: L, =15in.; f=0.0159, and K_ = 0.682.

(con’t)
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8,131 Power Loss in a Coiled Pipe

Objective: The amount of power, P, dissipated in a pipe depends on the head loss, A,
and the flowrate, Q. The purpose of this experiment is to use an apparatus as shown in
Fig. P8.131 to determine the power loss in a coiled pipe and to determine how the coiling
of the pipe affects the power loss.

Equipment: Air supply with a flow meter; flexible pipe that can be used either as a
straight pipe or formed into a coil; manometer; barometer; thermometer.

Experimental Procedure: Straighten the pipe and fasten it to the air supply exit. Mea-
sure the diameter, D, and length, L, of the pipe. Adjust the flowrate, Q, to the desired value
and determine the manometer reading, k. Repeat the measurements for various flowrates.
Form the pipe into a coil of diameter d and repeat the flowrate-pressure measurements. Record
the barometer reading, Hy,,, in inches of mercury and the air temperature, T, so that the air
density can be calculated by use of the perfect gas law.

Calculations: Use the manometer data to determine the pressure drop, Ap = y.h,
and head loss, i = Ap/y, as a function of flowrate, Q, for both the straight and coiled
pipes. Here v,, is the specific weight of the manometer fluid and 7 is the specific weight of
the flowing air. Also calculate the power loss, P = yQhy, for both the straight and coiled
pipes.

Graph: Plot head loss, &, as ordinates and flowrate, 0, as abscissas.

Results:  On alog-log graph, plot the power loss, P, as a function of flowrate for both the
straight and coiled pipes. Determine the best-fit straight lines through the data.

Data: To proceed, print this page for reference when you work the problem and click hrere
to bring up an EXCEL page with the data for this problem.

Manometer
Air supply
wé,,,b ’ . Yy Coiled pipe

T B FIGURE P8.13]

(con’t)
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Solution for Problem 8.13): Power Loss in a Coiled Pipe

D, in. L, ft Hetm, in. Hg T, deg F

1.44 18 29.9 80

h, in. Q, ft*3/s Ap, Ib/ft"2 h, ft P, hp

Straight Pipe Data (d = infinity)

10 1.19 52.0 709 0.1125
8 1.06 41.6 568 0.0802
6 0.913 31.2 426 0.0518
4 0.731 20.8 284 0.0276
2 0.505 10.4 142 0.0095

Coiled Pipe Data (d = 8 in.)

10 0.835 52.0 709 0.0789
8 0.745 41.6 568 0.0563
6 0.641 31.2 426 0.0364
4 0.517 20.8 284 0.0196
2 0.357 10.4 142 0.0068

Ap = ypp0h where Yuzo = 62.4 [b/ftA3
h, = Ap/y where y =gp

P = Pam/RT where

Patm = YHg Hatm = 847 |b/ftA3*(29.9/12 ft) = 2110 Ib/ft 2
R = 1716 ft Ib/slug deg R
T = 80 +460 =540 deg R

Thus, p = 0.00228 slug/ft*3 and y = 0.0733 Ib/ftA3

P = (yQh)ft Ib/s*(1hp/550 ft Ib/s)

(con’t)
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Problem 8./3 ¢
Head Loss, h,, vs Flowrate, Q
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