CHAPTER 7

Internal Flows

Re:VD = ,VD_6. a) 2000 = v 2_6. \ V=0001m/s
n 1710 1" 10 —
b) 2000=——%2  \ v=o0im/s
1" 10 ——
c) 2000 = V, OOE \'Vv=10m/s
1”10 —
Vh Vh 1 Dpc,2 o
Re=—=——__ a =__ == PP 2.2y
=T 10° ) u(r) ( r$) = a1 (r'-r)
b) 1500 = V1 v- 0.0015 m/s. c) 1500_V 03 '\ v =0.005ms
1 10°° 1" 10°° -
Re—v—h—w =1790. Using R, =1500, the flow is turbulent.
n 147 10
Re= VN2 14_ 245 g, \ Very turbulent
n 10°
7 s _6
Re=£. a)V:Re n_2000 10 =01lm/ s
n D 0.02 ——
- . -6
b)V:Re n_40000"10° _, .
D 0.02
Le _oo0es5Re Re=YP. v-= (,)002 =1592 m/ s.
D n p~.02°
8) L, =065-202 04 - 4= 126 m.
131" 10°°
b) L, =065-—222 % - 04164 m.
1007~ 10 R
c) Le —.OGSM 04 =25.0m.
661" 10°°
d) L, =065-2202 0% - 54— g5 m.
367 10 —
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1.7

7.8

7.9

7.10

7.11

7.12

- . . -5
Re n _ 1000° 151" 10 —0378m/ s
D 0.04 -

L. =0.065Re’ D =0065" 1000° 0.04= 2.6 m.
L €L./ 4=26/ 4=065m.
Re’ n _80000° 151" 10°°

a V=

b) V= =302m/ s
D 0.04 —
L. €120D =120" 0.04= 48 m.
L €10D=10" 004 =0.4m.
v=—002 _gg1 Re =8'84—O'Oi =5.310°. \ Turbulent.
p~ 003 1.007" 10

\ L =120°.06=72m. \ Developed.

v = @8/ 10?0)/ 22 3600 _ h796 m/ s
A p " 0.001
Re=Y2 - 0'796, O'(_)SZ =1396. \ laminar.
n 114" 10

Le =0065Re” D =0.065" 139.6° 0002 =0.0181 m. \ negligible

Le =0.04Re h=0.04" 7700° .012=3.7m.
(Lg),,, =04" 1500 .012=0.72m.

5 06
(L¢) =0065ReD =0065————".06=755m.
am 155" 10
(Le),, =120 06=72m. (Re = 32 300)
Re= YD 202 004 _ oo,
n 10

a) If laminar, L, =0.065" Re” D =0.065" 8000" 0.04 = 20.8 m
L =L/ 4=208/ 4=52m
b) This is a low Reynolds number turbulent flow. A minimum entrance length
would be Ly =120D =120 0.04 = 4.8 m with a minimum inviscid core

length of L, =10D =10" 0.04 = 0.4 m.
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7.13 SF, = DpprZ - t ,2pr,Dx =mom,,, - mom . i
Dp_2, Dmom O T
—=—+ pA P+ Dp)A
Dx 1, Dx |
Dp 2t R

7.14

7.15

7.16

7.17

For developed flow — =—2 sincemom = Const. From the

rO
velocity distribution in an entrance (see Fig. 7.1) it is obvious that

Dmom>0

(t 0)entrance > ( o) deveroped SINCE Tu is greater in the entrance. Also,
wall
since the momentum flux increases from the inlet to the developed flow. Hence,

2208

8 D( gentrance gdevel oped

a) For a high Re flow transition to turbulence occurs near the origin. In the
entrance region the velocity gradient fu/ fly at the wall is very large resulting
in a large wall shear. This large wall shear requires a large pressure gradient.
In addition, the momentum flux is increasing in the x-direction, also requiring
an increased pressure gradient (see the solution to 7.13 for more detail).

b) For a low Re turbulent flow, the flow is laminar through much of the entrance
region, up to about L, (see Fig. 7.2). The laminar flow results in a much
smaller velocity gradient at the wall compared with that of the turbulent flow

of part (a) requiring a much smaller pressure gradient. This results in the
lower distribution of Fig. 7.3.

) The pressure distribution must move from the lower distribution to the higher
distribution of Fig. 7.3 as the Re increases. This occurs at an intermediate Re
when transition occurs near L,. Research that gives accurate data for such low

turbulent Re transition does not exist.

Pe .2 2v_ 1Dpe 2 2
u ———r-r =——=(r"-1r9).
()= 1) = =% - )
In a developed flow, dh/dx = slope of the pipe and p is a linear function of x so

that dp/dx = const. Therefore, d(p + gh)/dx = const and it can be moved outside the
integral. Then,

2_d(p+gh® b - o - 1 _dp+gh @& 3. 29_ 13 d(p+gh)
g dx 0 2me dx 4 2 OB 8m  dx

(D)
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7.18 1600 = W_JV '?/ 1_25. \ V =0.254 fps.
106" 10

2 . ;g2
Using Eq.7.3.14: L =Pl 007 144 47/ 144,00y
8m/ 8 206 10 .254
_ Dp _ .4/ 12 07 .
Using Eq. 7.3.18; t,=o0P - A112 O7 184 _ o0t 104 pet,
oL 2" 268

t 27 1074
\f:10 :1627 10 =004
ZrV?Z =7 194 2542

8 8

719 1s00=YD - _V 01

= .\ V=00992m/s. \Qh
n 661 10 T
a =Dn/L
Eq. 7.3.14: ¥+g2h:8—n2V \ D—h: 82rrv .

L L ro L r.O r g
- - iy

|\ q =SV _8 661 10 0992 _ n5p14rad or 0.123°

r2g 0052 9.81

Q=AV =p .005°" 0.0992=7.79" 10° m?®/ s.

===———>-=0.637m/s Use Eq. 7.3.14.
A p° .0

2) Dp:8rr\2/L: 8" 0.1 .6237 10:51000 Pa.

s .01 -

s ’ _31 Ve

b) Dp:8m2/L: 81 10 2.637 10:510 Pa.

s 01 -
&) Dp = 8rrr\2/L _ 8 1.50.5237 10 — 764 000 Pa.

5 .

-019810(.00015
Q= o 22O g5y y2)100dy
o 210

For a vertical pipe Dh =L.
01° 3
- T) =0.049 m°/s

7.21 Eq.7.3.14:

=73 600(.01" .01

Thus,
v = rory _ 9 _9817.00° _1226° 10°*
8m  8n 8n n
, -4 3
v =222 10" _g57 M | Q=p 01*" 807=00254 1.
152" 10 s

S
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1.22

7.23

7.24

7.25

80.7" .02

Re=————=106"10°. \ not laminar
152" 10 s
, -4 3
pyv==2228 100 533 ™\ 51047 104™. Re=178 \ laminar.
034/ 917 s S aminar,
, -4 3
gv=226 10" _5108™ \ 0=324"10°"" Re=173. \ laminar.
15/ 1258 s s BE—
VD 4QDr 4°012° 178 1
2000= = = er - 40 - 8 130\ p-opesoft
n pDm p°2°10°"D D
v mr a4
ppBTVL 8727104730 (o

ié 0.34°

Neglect the effects of the entrance region and assume developed flow for the
whole length. Also, assume p,,, =gh (neglect V?/ 2g compared to 4 m).

h 2 4 - 2
\ Dp=ch- 0\ rgh=MVE =90 981 4 0025 _ o561 s,
I 8L 8 1 10° 40
3 -
\ Q=AV =p”.0025°".766=15" 1050 L. =.065" —'716,61285' .005=12m.
S

Neglect the effects of the entrance region and assume developed flow for the
whole length. Also, assume p,,, =gh (neglect V?/ 2g compared to 4 m).

, - -3 -
\ Dp=dh= 8m2/L and r2 = 8vnL _ 8(0.0034/ 69 6,0) 210 4

s gh 9800 4~ pr,
where V=Q/ A=Q/ prZ. Thisgivesr,=704" 10" m or 0.704 mm.

0.0034/60" 60
p ~ (0.000704)2

The velocity isthen V = = 0.6066 m/ s.

2 2
v- = O',6066 =0.0188 m. This is negligible compared to 4 m.
2g 27981
- . -4
L. =0065Re” D =0.065 0.6066 14.08 10 . 14.08" 10*=12m

10°°
This entrance region may be significant; to include its effects would be quite
difficult, certainly beyond the scope of an introductory course.

VD _V’ 8/ 12

Re=2000="2 =Y 8112 "\ '\, _ 45 1ps
n 16" 10
8mVL _8° 3827 107" 48 30
_ - - 0.396 psf.
=0 (4] 12) il il
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s, Ve -3 Ve
726 Dp+gbh= 8m;/L. - 6000 +9810" 10sin10° = 8 1 10 2V 10
o 002
\ V=0552m/s. Re="2= '55,2 024 =2210.
n 1710
2L . 2°t,° 10
Dp +gbh=—"—. - 6000+9810" 10sin10' =—————. \ t ;=11Pa
fo .002
727 Re=40000="2 = V,O'l_s. \'V=604m/s. \ V,,=2V=121m/s
n 151710 -
e e -5 Ve
Dp = 8rrr\2/L -8 18 1%52 604 10_35pa Le =.065" 40 000" .1= 260 m.
o :

7.28 If Q=pR?,/2gH, thenV =,/2gH. The parabolic velocity profile is

r’o r’o r’o
u(r)=u 6?.- :ZZV%.-—+:22H - —=
()= U gl e =2VE1- o= 22081 £
But, the manometer requires
u? u?
+—r-p=gH. \ H=—.
Y 5 p=9 29
Substituting yields
r2o R?
u=20d-L2 2= or r=Rr/V2
& R 7 O I=R/\2

R?Dp+goh  R*g(-L) dgR?® 9800 0.001°
"8m L  sm L 8m 8 10°

Q=AV=p 0001°" 1.225=385"10° m® /s
_VD _1225° 0002

n 10°°
It probably is not a laminar flow. Since Re > 2000 it would most likely be
turbulent. If the pipe were smooth, rigidly held, vibration free, with a well-rounded

entrance and disturbance-free water entering the pipe it could be laminar.

729 V= =1225 m/s

Re = 2450

) & r?o
7.30 a) Combine Eg. 7.3.12 and 7.3.15: U=Ug, gl- —+
ry @

2

r’o , TS
—+ N\ ro=—andr=0707r,
ly @ 2 —_—

b) From Eq. 7.3.17: t =Cr whereCisacongant. Thent , =Cr,.

lad,0_To
2

&
V= 2\/81-

Ift =t/ 2, thent ,/ 2=Cr and M=o
2€Co
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7.31

7.32

7.33

7.34

) 2\2(_]
go - (r0/2) H :|

”

i
Qpipe _ P19 Dp /p Dpi 4 ¢

i10 - ¢os -
Qanuiuis 8M L/ 8m Ly 0 &2 In(2r /1g) f/
T p
4
= 2 =7.938
4o 9y /16
16 In2
Re=20000=2 =Y 2112 "\ oy 4atps
n 12° 10
’ ’ _5 ’ ’
h, :E _ 8m\£L _ 8" 2.36 ELO 1.424 30 — 0.0188 ft.
g gr, 6247 (1/12) -
r,D : " 62. . .
{,=00R _(1712)0188 624 _ 10163 psf. L, =065" 20 000" -2 = 2171t
2L 2" 30 —_— 12
- Dp) é rz-r2)?u
See Example 7.2:.  Q =- b D) at-rt- - 1) (
8m L g mry ! r)g
- A 2 A92\2 ¢
\ Q= P (100) €554 gps (03 -02)°U_ 510 150 2 s

"8°1°10° 10 § /n(.037.02)

1(- é Z-r2 1u
t, = ul  _1( Do)ézrl- - 1
frl., 4 L & m(r,/ r)rg
z 2_ 2 <
100 & o2- 202 18 go54pa
4" 10§ (.03 .02) .02}

ﬂ@é4_ 4 (rzz' rlz)zl‘;l
sm L & ' n(r,/ )
. (032-.02%)%0_
" (o3 02) 4

See Example 7.2 Q=-
p 10
\ =
Q 8 181" 10°" 10
- -4
\ V=9= 7257 107 _

725" 10* m?3/ s

é
é034 -.02
e

———-=0462m/ s
A~ p(032- 022)
flu Dp € r7-r? 10
t. =m— =--. — A < 1 -/
“rl.,  ALETT n(r,/r) r b

4 2_ o2 N
=20 % oo B2 14 g0051pa
4”10 n(.03 .02) 028
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7.35

7.36

7.37

7.38

7.39

dp n(T) d mdUo
dx r dr ar & dr @
known. The energy equation is needed to find T(r). But, as Eq. 5.5.1 shows, we
must know u(r) to find T(r). Hence, the above momentum equation and the
energy equation are coupled. A simultaneous solution (a numerical approach is
needed) would provide u(r)and T(r).

See Example 7.2: The function n(T)requires that T(r)be

1 dpé rz-r? ru
From Example 7.2 u(r) = ——pé’z -1 +—2—1—in—y
4mdx & mrylr) 14

r2_r2
Asr,® 0, /n(r,/ r,)® -¥ sothat —2—2~—/n ‘oo
m(ry/ry) o,

1d
Thus, u(r) = Rd_i(rz - roz) where r, =1,. See Eq. 7.3.11.

r7-r7 0 -2r

Asr,®r,, m =0 \ differentiate w.r.t. r;: Trll:-ZrlZ.
Also, Kn——fn 1- ——@ —, wherey =r, - r.
r, I, o 2
1dp,, ., ) 1dpé 27 0 1dp
\Vulr)=——(r"-r, +2ry/r 2.2 — — .
") 4mdx( 2 TELY 2) Amdx 2y r yL" 4mdx( )
A)
. . -5
a) 2000 = vh .\ V= 2000 12 10 =0576fps. \ Q=AV =004 ft*/ sec.
n 1/ 24 -
. - -5
b) V= 2000_ 16 10 =0.768fps. \ Q= 1.2, .768 = 0.053 cfs.
1/ 24 24 12

: . . Vv
There is no pressure gradient. \ Eq. 7.4.13 gives u= gy.

The friction balances the weight component.
g _ fu_ VvV _ 2 tA
tA=Wsing. t=mMm—=m—=m— W

Ty a  .0004°

a)mi 1" 1=40sin20". NS,
0004

b) mi 1" 1=40sin30°. N S
0004 m?
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7.40 With the pressure gradient zero, Eq. 7.4.13 gives u :Ey. Thus,
a

. -3
tA=Wsing. t=mid=mL=110"y
Iy a 0004

. -3

a) L0V, 1 1=40sin20°. \ V=547 m/s.
.0004 EEE—
. -3

o) 220 V- 1=40sin30. \ V=8m/s.
.0004

7.41 The depth of water is a/ 2,with the maximum velocity at the \bﬁ
)

surface. \k}
dh _ . g sinq( -

-—=sing. Hence, u(y)=- 2. ay). a=0012m
dx 2m
a2 :
~gsing, , SOgsmqaea ao 25
=- 05 (v - ay)50dy = - sing a’
Q 92m(y ay)s0dy 1 85 1misnd
=2 9810" sin20" .012° =121m®/s. \ V=—21 _=403m/ s
12”10 E— 006" 50
\ Re _Var{ 2 40?0 306 241000. \ The assumption of laminar flow was

not a good one, but we shall stay with it to answer the remaining parts!
9810 " sin20° &012° 6
umax 3
2°10° €& 4 g

-=604m/ s

fu sin 9810sin20°
t 0 - - - %(_ a) -

Y
Obviously the flow would be turbulent and the above analysis would have to

be modified substantially for an actual flow.

~.012=201Pa

dh 9810 . y
7.42 2. ay) = -.00015)(y?- .02
u(y) = 2 o —(y" - ay) > 107 ( (Y y)
019810(.00015 a=002m
Q= o(—g)(02y- y*)100dy
o 210
. o 018 3
= 73 600(.01" .01 -—) 0.049 m/s
= 'Oflg =0049m/s. t,= du _ 9810°.00015 .02 _ )15 pg.
100" .01 dy|, 2 EE—
8tO
f=—2% =0.050 Re = 490
rv -
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12m\/L \ V= 50" .022
12° 181" 10° " 60
\ Q=AV =02 .9° 153=0.028 m?/ s. This is maximum since laminar flow

743 EQ.7417: Dp= =153m/ s

is assumed. Check the Reynolds number: Re =—=————=2030. Thisis
n 151" 10

guite high unless care is taken to eliminate vibrations, disturbances, rough walls.

744 (P, - Pa)uaic =91 =9810° 20sin30° = 98100 or 98.1kPa. \ flow isdown.

- -3 -
LZmY  \ - 96000+ 98100 = 22 18082 Sul

\V=056m/s t,=P N__ 008, 56600+ 08100 = 0.42Pa
2L 2L 220

8t, 8 .42

Eq. 7.4.17: Dp +gbh =

\ f= > = —— =0.0107.
rv 1000" .b6° —
7.45 Assume laminar flow:
, , -3 ,
Dp—lzn}/L. \ 600" 144= 12°12" 107V 2/ 12. \ V =100 fps.

(02/ 12)2
\ Q=AV =(.02" 4/ 144)" 100 = 0.0556 ft*/ sec

7.46 u(y)=i@(y2- ay)+gy. t :mﬁzlﬁ(Zy- a)+mg.
a dy 2dx a
. s an~-5 -
a)ty:a:O—lﬁ(Za a)+m2 @:- 2n _ 2 181 10 6:-13.6Pa/m.
2 dx a dx a? .004? -
. s an-5 -
bty =0=-2P 0 200 _2 181 107 6_ 136 puym
2 dx a dx g2 10042
U u 1 dpae004® .004°0 6 , .0047
C = - +—vray = — - ~+ =
) Q= °e2 d (y ) ayu“dy 27181 10° dxg 3 2 5 004 2
% _ 407 Pal m.
4= 1 2 6 dp _
d)u(002)=4=——— —— (002 004" 002) +——"002. \ —=905Pa/ m.
27 181" 10°° dx .004 ax —

1 dp du dp U
1747 u=—— a + t=m—=——-(2y- a)+m—.
2mdx(y Y) y dy 2dx( y-2) a

a) t = 06 :%(- 20)(.006) +1.95" 10° 5% =0. \ U=185ms
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b) t oo =5(- 20)(.006) +1.95 10-5% ~0. \ U=-185ms

¢) Q= 006e L (-20)(y2- .006y)+—L yy \ U=-615ms
6 & 195 10°° .006 " —
d) u(.002) :;(- 20)(.002° - .006" .002)+ Y002\ U=-123ms
27195 10°° .006 —
748 u =£y = Ly =67,500y. t = md—u =10"*" 67,500 = 6.75 psf.
a 008712 dy

\ F=tA=675" (2p 10/ 144)= 295 Ib.

749 v =£y. \t—mCIL 0.1’ 230
“ a dy .0008

T=F R=tpDL" R=750p" .4".8".2=151N>m.

=750 Pa.

7.50 Assume a linear velocity profile between the rotating disc and the wall.
’ dA = 2prd
\vq=gy=my. \t=mdvq=mNr='01 60r=500r. N

a a dy a 0012

2 2
T =dA" r=¢po0r” r2prdr = 1000p ¢y dr = 1.26 N >m.
0 0

Rw a_ 2" 60°.0012 _
.01/(.86" 10000 ~—

The largest Re occursat r =0.2m: (R€)ax =

The laminar flow assumption is valid.

7.51 Neglect the shear on the cylinder bottom; assume a linear velocity profile:
d
_Hy =L 300 3000y, \ t =mSVe =042 3000 = 1260 Pa.
001 dy

\ T=F " R=pDL t  R=p .2" 1" 1260 .1=7.9N >m.

rw 50r

7.52 Assume a linear velocity profile: Vy=—y=—y=——

yp y a y= 002)/

dV .0707 0707 dr
=m—==2 .T=¢6 dA r= 2 2 )
t mdy 5000 r ? dA" r o O (25000 1)(2pr == 707 r
2p .0707
\ T=25000" == (y’dr =0.694 N xm.

0

7.53 Assume that all losses occur in the 8-m-long channel. The velocity through
the straws and screens is so low that the associated losses will be neglected.
Assume a developed flow in the channel:

131

© 2002 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.


altit
Text Box
© 2002 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Ren 7000° 15  10°°

V= = =875m/ s
h 0.012
12" 187 10°° 875" 8
Dp = 0 0122 =105 Pa
: - Dp
Energy: W;,, = h —m —r—(rAV) = DpAV/ h

=105" 12° 0012 875/ 0.7 =189 W

7.54  The solution for v (r)is(see Eq. 7.5.15) v, :%r +$.

vaq =0asr® ¥,A=0. \ v, :E. Also, vV, =Rw atr =R.
r

\ R‘N:% \ B=wR? \ Vg =wR? /r. The shear stress at
r:Ristlz-gmd—Véiﬁz 2mw. \ T =t 2pRL" R=4pnwR>L.
r

- .. .2
\ T=4p 236" 10°" géooo P9 210 - 4_749 1941 1p,
60 © €120 12

4pnr 7rfLw, ©.035 .02%° .03 4~ ’
755 UseEq.75.19: T=—200 _4p’ 035 027 08" 4" (3000" 2p/ 60)
ry-r’ 03°-.02
\ T=0040N>m \ W =Tw=04" (3000" 2p/ 60) =126 W.

wr(rp, - rp)r 3000° 2p " .02" (.01)" 917

Re= = - =1650. \ Eg.7.5.15is OK.
m 60" .035
4npr,ryLw, 2" 057 57
756 Use Eq. 7.5.19: T = 2P2lWs _ g 4pmMO4® 05 57 40
ry -1 .05°-.04
N’S Re=X0 04(05-.04)" 1000 -9 _ 157y g, 7517 is OK.
0134
: _ rfw, & rf('j @, 0 _ 2nriw,
7.57 Withw, =0, Eq. 75.15isv, = 5—5c¢r- =—. t, :
ry -1 ro dr ro ry-rf
2nr/? Apnr/rrL
\ T, =t,A,r,=—12 1W22 2pr,Lr, = P oW, 2 ZWZ :
-1 -1
2,2 , , 2 - 2 - ,
758 T = dpnrryLw,  4p 7 017 0.2°7 0.2008° " 08" 30 — 152 N xm

2-r2 0.20082 - 0.22
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% error = %1151 100 = 0.66%

759 (D) Theflow in a pipe may be laminar at any Reynolds number
between 2000 and perhaps 40 000 depending on the character
of the flow.

760 Letu=u+u(v=v+v( w=w+wC( The continuity equation becomes
l(ﬁ+u@+l(\7+V®+i(V_V+W@ :E+E+E+M+M+M_
fix Ty 1z x Ty 9z ™ W 1z

Now, time-average the above equation recognizing that 1111—?( = %and

M: 1Ucl:: 0. Then, ALK +ﬂ + Iw = 0. Substitute this back into the

% X x Ty 1z
continuity equation, so that flu¢ +M + Iwe _ 0.
™x My 9z

7.61 Du =(u+ u@l(ﬁ+u©+(\7+v<pl(ﬁ+ucp +(v_v+wﬂ)l(ﬁ+ud)+1(ﬁ+u©
fix Ty |74 1t

Dt
:a“_“+a¥‘+mﬂj+uMw&w%ﬂmeMmﬂ_‘Jw—v
X y

1 x 1 x x 9Ty Ty Ty 1z

e T el u®, Tu
_ ~ ‘ﬂz_ ‘ﬂ_z qt
—qu —ﬂ_u —fu fqu flu¢ flu¢ flu¢

=u—+ +W—+—+u¢—+ve + w¢

ooy Ve T ey T e
ﬁ_—ﬂ+—ﬂ+—‘ﬂﬁ Tu

—=u v W +—.
Dt ™x 9z z Mt
Du Du J— - -
\ bu_ Du_ 1utl? +1u¢/¢+1u¢/v¢ (We used continuity.)
Dt Dt 9x Ty )[4
7.62 Use the fact that %Wﬂ:z %udw: See Eq. 7.6.2. This is equivalent

t0 —¢— (WGt == —(u®qdt, which is obviously correct. Also,
yeT g Ty

lu¢1¢+‘"—uﬁ:/(12+lu¢/v¢:u ae~|1_u¢+ ﬂv¢+—¢2+ UM+ v¢ﬂ—u¢+ W¢ﬂ—u¢
1x Ty 1z (E iy Tz, X Ty 1z

Time average both sides and obtain the result.
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7.63

The x-component Navier-Stokes equation for a horizontal channel is
al’u Y4u ‘ﬂ uo

BT T
et X

ﬂu
ﬂy

luo_ .

Tzs

rrgﬂx2 ﬂy2

‘sz

Substitute u=u+u¢ v =v¢ w=weinto the N-S eq and time-average:

¢ u ¢ 2y 0
BT T 00 . Bror U Byrvr L L &ﬂf ffu, I
eﬂt it ﬂx 1z x fx em W ﬂz o
where we used the result written in Problem 7.61. Then
— 2_
r lutlml:— - E ﬂ l;
Ty X ﬂy
In terms of stresses
- —ﬂt turb = - E+ ﬂt lam E _l(t turb +t |am)
Ty ™x Ty x Ty
764 u=Su/11=162m/s. v=Sv,/11=-16m/s. u¢=u-u, ve=v-vV.
t 0 .01 .02 .03 .04 .05 .06 .07 .08 .09 1
ud -1 95 56 11 11 6 0.9 124 95 3 5.4 .
u¢ .01 902 314 12 121 36 81 1538 902 9 292  u@=51.2 m%s?
V2 )/{ P2 - +K .32 36 70 51 5.7 44 02 8.3
29
36 66 31
v€ 102 144 49 26 325 194 04 689 130 436 9.6 v®=26.1 m?/s?
u¢¢ -3 361 392 56 62.7 264 2 1029 342 -198 167  u®&9.7m2s?
— fu 't fu rDp . . .769-607 69 8
7. —N—-—=n—-—""2=16"1 - - 263 ft?
5 uWeEng - TENy T2 T Y T e T 230 003 22 fsec”
uwe - 263
766 h=-— =- = 0146 ft2 /
du/dy  (769- 607)/09 ——2
oo uwe 203 g8
Ju@vé ~/316+156
=.Jh/fu/ vy =./0146/ (769 - 607)/0.09 = 00285 ft or 0.342 in.
1. 2p. — 1724 . dad 6. 12,
767 vt=—sin—t. ut/¢=—¢x—=snl10pt=¢c=sin10pt=dt =— cyin“ 10ptdt
27172 2 SN TP SN TR T g G
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ot
c‘gil+ cosZOpt—dt——f§9—0125m / .

uwe _ 125 mosmzs s

du/ dy  -10
=fh/ [T/ 1ly| =+/0.0125/ 10 = 0.0354 m or 354 cm

uafzisinzlopt:vcr? \ u@ =veE =125,

K = uwe 125 - 10
Jué-vé 12515

768 a)Re=YD =002 02_ 55 ©_026_4455
n D 200

10°°
From the Moody diagram, this is effectively a “smooth” pipe so we
conclude thatd, >e

b) Re=22 22 - 40000, £ =00013
10° D

From the Moody diagram, this is in the transition zone where d , may
be near, in magnitude, to e. The pipe is rough.

c) Re =400 000, g =0.0013 and the Moody diagram indicates a rough pipe.

769 Re= VD__ 6 01 _ 5455. From the Moody diagram, if % = 0.001, then the

n 11 10°*
pipe is “smooth”. Thus, e=0.001D =0.001" 100=0.1mm.

7.70 a) Using Re = 4000 and e/ D =0.0013, the Moody diagram provides f =0.04.
f
Then t, _§ rv? =0—§41000 0.02° = 0.002 Pa

\ U, =4t o/ r =4/0.002/ 1000 = 0.001414 m/ s
Eq. 7.6.16 gives

U =u, ?.44zn“‘Tr° " 5.7%

- o.oommg‘%mm%?m + 5.72; =00251m/ s

b) With Re = 40000, e/ D =0.0013 the Moody diagram gives f =0.026. Then

t,= O(;261000 0.2° =0.130Pa

=4/0130/ 1000 =0.01140 m/ s
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7.71

7.72

7.73

Eqg. 7.6.17 gives

Umax = Uy ?.Mﬁn%’ + 8.5%

= 0.0114§%.44£n +8. 5— =0262m/ s

0.00026

c) With Re = 400000, e/ D =0.0013we find f =0.022:

t,= O2}221000 2% =11Pa

=411/ 1000 =0105m/ s

Umax = Uy ?.Mﬁn%’ + 8.5%

= 0.105§%.44fn = +852=241m/ s
0.00026 g —
Here n =7 so that, from Eq. 7.6.21, f :izziz 0.0204. And from Eq. 7.6.20,
n

V=49 m/s.
a\ t, :%rvzf :%’ 1000° 4.9%" .0204 = 612 Pa.

1 - 6/7

b) E =92’ . SY '|,=0=¥. (The profile is not too good near the wall!)
c)ﬂ—p:-%:-zoz 2 612 _ 2450 Pa/ m.
fix L r 05

d) t varies linearly withr. \ t _,. . = %t o, =306Pa. (r,=5cm)

du 1 O
t=rhig ) 30.6=1000h§5.2' 7'.025'6”%. \ h=985"10*m?/s

25 VD _1833" 5/ 12
Q- _=1833fps. Re=-——= =2=700" 10°.
A p’ (25/ 12) n 108" 10

From Table 7.1, n €8.5. From Eq. 7.6.20
_(h+Y(2n+1),,, 95" 18,
max 2 V= . 2
2n 2785

1833 =217 fps

2 4 2
= 2éumax = 2,—5umax = 0'758umax
(n+1)(2n+1) 6" 11
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OpdA Q  Una Y 720(1, - Y)AY) 2

Jfo

— 3/n _ 1+3/n
RRVENY 758%ul At 7583 Q(r°y vy
459 é r2+3/n r2+3/n l:l &1 1 0
= 0 - = 1= 4.59 =110
(290 €143/n 2+3/ nd T €le 266 T
. 2
With n=10, V = ﬂumax =.866u,,,,
11" 21
2 =1 16
= -—==103
866° 613 230
7.74 Withn =7, Eq. 7.6.21 gives f=—2=4—19=00204
\ t, =%rV2 T f =%' 1000" 10%" .0204 = 1020 Pa.
Since t varies linearly with r and is zero at r =0,
=ty =222 _ 50400
-~ %r, 05 = "
fu . €& 11 u 10°° 1224 . o
tlém =m 10 é"lmax 7 1/7 y - 7 05]!7 y = 000268y
u A

=]
.—c-‘<

t,=t-t, =20400r- 0.00268y ®" wherey+r =05.
tan(Y)is good away fromy = 0 (the wall).
t,.,(00625) =21, t . (003125)=.38, t,,(00156)=68, t,, (.00078)=124

dp _ 2t, _ 271020

= - 40800 Pa/m.

dx r
775 ayv="2=_12 -1963m/s Re=Y2 =198 08_.1 0
A p 42 n 22 10°

b) gzo. \ From Fig. 7.13 f=0019. t, = % 917 " 19.63%°.019 = 840 Pa.

2n? 19.63° 8" 15
OV=r—ror——U.. \ U =
(n+1(2n+1) 27 49

_oh 522" 10 N
d) d, q W = 00015 m whereu, =+/840/917 =0957 m/s.

=240m/ s

0.957" .4
e) u max—0957€244€ — 57 =229 m/s.
227 10" i ——

Note that u,,, is nearly the same using either form of the velocity profile.
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7.76  We must find u, :

v=2:=_12 _1963m/s Re=228 984 400
A p’ 04 227 10

e _026 . _

— =—22-0000325. \ Moody diagram b f =0021

D~ 800

0 =§frv2 =%' 0.021" 917" 19.63° = 928 Pa

U, =4t/ r =+/928/ 917 =1006 m/ s.

1006° 04 _ ¢
\ max—1006?44£ ot +574=242m/ s
22”10 B ———
Dp 15° 2, & .
777 ay 2= Moo o\ y qopsf \ :,/1—2:0.786fps.
L 15 r, 2/12 194
7867 2/12 ¢
b) U, = %44% tfo 574 —7862 44— +579=232 fps.
736" 10 H ———
2n? 27 64,

c)Assume n=8: V = 23.2=19.41fps.

—u = —_
(n+)(2n+1) ™ 9”17

d) Check Re: Re= VD _ 19'41, 4/%2 =879°10°. \ n@8 is OK.
n 736" 10

e) Q=AV =p (2/ 12)>" 1941= 169 cfs.

7.78 a) From a control volume of the 10-m section of pipe

pD? _ _ 012" 5000 _
=t,pDL. \ t,=————=15Pa
Y oP ° 4 10
Assume n =7. Then Eq. 7.6.21 gives f :—2:4—; =0.0204
From Eqg. 7.3.19,
8t g
vi=—"2C= 8 5 =641 or V=253m/ s
rf 917" 0.0204
Check: Re = 22523—1%142 = 1381 This suggests laminar flow. Use Eq. 7.3.14:
r.2 ] 2
= 0 P =— 096 ,50094 ——=112m/ s.
8. 8 (917 22°107)" 10 —

Check: Re —w 611 OK.
227 10"

Finally, Q=AV =p "~ 006°" 1.12=0.0127m?®/ s
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7.79

7.80

7.81

7.82

_ 0.06(- 20 000)
2" 10
Assume n =6. Then Eq. 7.6.21 gives f = 3_16 =0.0278

b) From a control volume or Eq. 7.6.18: t , = =60 Pa

and
V2= 8, _ 8 60 =18830rV =434 m/s.
rf 917  0.0278
434° 012

Check: Re =—————=2370. OK.
227 10
Q=p  006°" 434=00491m°/s

0.06(- 200 000)
2”10

Oty = = 600 Pa

Assumen=7. Then f= 4—19 =0.0204

and

_ &0_\/ 8 600
V_\/rf =\o17” 00204  L60m/s

160" 012
Check: Re = ————==8740. OK.
22° 10

Q=p’ 006 16=0181m°/s

@ ('j]j 8 u 6.6 M/ ]
u max = © S
U nax @ n=8‘><-"f -
" Eq 7615forylr,< .15
i

(D)  The friction factor f depends on the velocity (the Reynolds number).

(A)

, 2\ -
2) Re= VD - (0.020/p” 004%)" 008 _ 100 15
n

€ -0\ f=00143.
1076 D

b) Eq. 7.6.26 provides f by trial-and-error. Try f = 0.0143 from Moody’s diagram:

1 O.86In(3.18' 105«/0.0143)- 0.8. \ f =0.0146.

77

Another iteration may be recommended but this is quite close. The value for fis
essentially the same using either method. The equations could, however, be
programmed on a computer.
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e _0.26

, 2y -
783 a)Re=Y2 -(008/p 005) 01_sq0 g5 T = =00026. \ f=0026

n 114" 106

b) Eq. 7.6.28 provides f by trial-and-error. Try f = 0.026 from the Moody diagram:
1 In% 0.26 251

-0.86 " -
I "$377100 335 10°” 0026

The value for fis essentially the same using either method. The equations
could, however, be programmed on a computer.

—6189 \ f =0.0261

. -6
784 a)Re= w 1000. \ laminar. \ f= 64n __64 10 = 0.064

VD 0025 004 —>
by Re=222 904 15000, 22026 - 0065 \ =0.04
100 D 40 s

o) Re=2229 _ 100000, £=220-00065. \ f=0.034
10 D 40

d) Re =10°, —=00065. \ f =0.033

£
D

785 (B) Dp=f——. e_015_ 0.0075. \ Moody's diagram gives, assuming Re>10°,
D2g D 20
2
f =0.034. Then 60000 = 0.034" N :
0.022" 9.81
Q=AV =p’ 001?> 6.79=0.00214 m%s.
6.79” 0.02

1076

\ V =6.79 m/sand

Check the Reynolds number: Re= =1.36" 10°. \ OK.

= % 0.00325. AssumeRe>3" 10°. Then f = 0.026.

£
D

2 2
i sing = fiv— sin30° —0026i v
L D 2¢g 0.082" 9.81°

Check Re: Re-ﬂ-w_mg' 10°.  \ OK.

786 (D)

\ V =549 m/s.

2 2
787 v=2:_2 _o55myss DpzgfoL = rfl02% o

A p’ .05 D 2g 10

255 o050, 2= o0 \ f=o185
D 100

= 3251r f.

\ Dp=1000".0185" 3251 =60 100 Pa
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