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Chapter 1

1.1

1.2

1.3

1.4

1.5

. Vi Tips
Since pV = mRT, — =—=
P Vi Ty
P 288.15 1.1

. ) 3 — 2 3

S Vi= g COmY s o1 00 m

1.4 x 105 N-m™2
o=-L x 10" N-m —1.51kg-m™>

T RT ~ 287].kg 'K ' x323.15K

K= Q?)—Z Assume K constant. Then In(o/09) = p ;(Po
=1061kg-m™3
S e -
R= Q% = 1_3;3011; _Xml_‘ffz';;_fs <= 259.2]-kg . K
M= % =32.06

w=v0=400x10"°m? s x850kg-m™3 =0.34Pa-s

0.12m-s~!
0.1 x103m
Area = 70.2 x 1.2 m? = 0.754 m?

Velocity gradient = =1200s7!

Force = 0.754 m? x 0.34 Pa-s x 1200 s~! = 307.6 N
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ol 0
1.6 Total force on plate = Area x 1t { (_u) + (_u) }
ay side A ay side B

0.15m-s!  0.15m-.s7! }

= (0.25m)? x 0.7 Pa-
(025 m)” x “{ 0.006m ' 0019m

=1.439N

1.7  For annulus, radius r, width 87

Veloci
Force = Area x u x _veoaty _ anéruﬂ
Clearance c
.. Torque = Force x r = 2352
R R4
Total torque =f 2Py — TR RO
0 c 2c
7(0.1 m)*0.14 Pa-s x 27 x 7rad-s~!
= —7.44N.
2 % 0.00013 m 744 N-m
1.8 2y  2x0.073N-m~!
= — = = . P
b= 0.004 m 36.5 Pa
19 d4ycoso _ 4x0.073N-m ! x1
ogd 1000 kg-m~—3 x 9.81 N-kg ™! x 0.005 m
= 0.00595 m = 5.95 mm
Lo 4x0.377 N-m~! x cos 140°
(13.56 — 1)1000 kg - m—3 x 9.81 N-kg~! x 0.006 m
= —1.563 mm
1.11 31 I
Rez@zétgg =4x0.0025m s7' x 900 kg-m 1508
n mdu 70.05 m x 0.038 N-s-m—2
.s-m-2
Y 2000 _ 2000 x 0.038 N-s-m — 1.689 m.s-1
do 0.05 m x 900 kg - m—3
1.12 4 4 01 m3.-s 1
Re = Qo _ x 0.01m” s =430 ... Laminar

" mdp T 70.08m x 370 x 106 m2 - s~1
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2.1

2.2

2.3

2.4

2.5

200 x 103 N.m™2
p— P _ X o - =12.82m
08 1590 kg-m~3 x 9.81 N-kg~

Pressure depends only on depth below free surface.
(a) p=o0gh=(820kg-m> x 9.81 N-kg 1 )(3—0.15) m
=22930 N-m~2 =22.93 kPa

(b) p=820x9.81N-m3 x (3+2) m=40.2kPa

(c) p=820x9.81 N.m3 x {3+2—(1.25in30°+0.6)} m
=820 x 9.81 x 3.8 N-m~2 = 30.57 kPa

(d) Load = Pressure x Area

=820x9.81 x3N-m 2 x (3.5 x 2.5) m? = 211.2 kN

b p Owater§ hwater Owater b
air — = = water

Oair§ Oair§ Oair
1000 kg-m~3 x 287 J- kg™ -K ™! x 288.15K
N 1.013 x 10° N-m—2

0.075 m

=612m

pV = constant

4 mm

( d \’_ 101.3x 10> Pa+1000 kg-m~> x 9.81 N-kg™' x 9m
s - 101.3 x 103 Pa

whence d = 4.93 mm

Ap =820 kg -m~> x 9.81 N-kg™! x 2 m+ (13.56 — 0.82)
x 1000 kg-m™> x 9.81 N-kg ™! x 0.225 m = 44.2 kPa
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Ap* _ 0225 m(13.56 - 0.82)1000 kg-m > x 9.81 N ke !
o8 820 kg-m=3 x 9.81 N-kg™!
=3.496 m

44200 N-m 2 =820 x 9.81 x 2 N-m~2 + x(0.82 — 0.74)1000
x9.81 N-m™3

whence x = 35.83 m

2.6 New levels

Movement of fluid in
2!

C = 60 mm x 70 mm?

= (500 mm?)x

X — (800 mm?)y
Init:(al ) Sox = 8.4 mm;
Separation y = 5.25 mm

Measuring above XX: Initially 0.855 = 0.9hp
Later: 800 x 9.81(Old by — 60 + 8.4)1073 Pa
=p 4900 x 9.81(Old hg — 60 + 5.25)107> Pa
o p=29.81 x1073(=800 x 51.6 + 900 x 65.25)Pa = 171.1 Pa

Az |8k
2.7 Fromeqn2.7 p=po (1 - T_>
0
9.81/287x0.0065
—1015pPa(1— 0.0065 x 7500
288.15

= 38.3 kPa

28 b <T0 —m)g/“ B ( Tiop >g/RA
po  \ To "\ Teop + 22

oo Top K@)W _ 1}
A p

268.15 {(749>287><0.0065/9.81 }
—_— * _ 1

= 0.0065 "1\ 566
=2257 m
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29 F=(12x1.8) m?x 1000 kg-m> x 9.81 N-kg "
x (x +0.9sin30°) m
(a) 2160 x 9.81 N-m~! x 0.45 m = 9.54 kN

a
(b) 2160 x 9.81 N-m~! x 0.95 m = 20.13 kN
(c) 2160 x 9.81 N-m~! x 30.45 m = 645 kN

3 2
Centre of pressure is at slant depth (bd “;;(;xbj_%?;;_ 0.9
42

=——+2 .

122x 1 0.9) + 2x + 0.9(metres)

(1.8 m)?

=——+2 .

D@xt09) THTOIm

1.8
that is [ T0x109) + 0.9} m from upper edge

= (a) 1.2 m; (b) 1.042 m; (c) 0.904 m from upper edge

2.10 By symmetry, centre X X
of pressure is on \ M
vertical centre-line

Depth = 2nd moment about XX \_/

1st moment about XX
B Jo x22(r* — xH)V2dx
- Jo x2(% — x2)1/2dx

fo/z(r cos 0)22rsin 6 (—rsin #d6)

_Jr

B fy?/z rcos 62rsin §(—rsin 6d6)

rfg/z cos26 sin20de

(;1/2 sin6 cos #do

rfy %sinZZQd(ZQ)
1.3 /2
[3 sin 9]0
r/8120/2 — (1/4) sin 40]37="
1/3
37 3md

“827 32
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X
Full depth = (2.5 m) sin 60°

Breadth of strip
(2.5 m)sin60° — x
=25
m{ (2.5 m) sin 60° }

= 2.5 m — x cosec 60°

.". Second moment of area about XX

(2.5 m)sin 60° 2.54
= / (2.5 m — x cosec 60°)x*dx = ETh sin60° m*
0

. Depth
First moment = Area x P

2.5sin 60° 2.53

1 .
=525 x 2.5sin 60° x 3 m’ = = sin260° m?
2. Depth
.. Depth of C.P. = 75 sin60° m = eTpt

.. Thrust is equally divided between XX and bottom.

Thrust = Area x Pressure at centroid

1 2.5 sin 60°
- Z2.52 sin 60° x 1000 x 9.81 x 5%11601\1 =19160 N

.. Load at bottom = 9580 N at each upper corner 4790 N

2.12 Let shaft be at depth b below free surface. Then force on disc
= nR?ogh.
By parallel axes theorem, 2nd moment of area about free
surface = 7R*/4 + 7 R2h>.

1st moment of area about free surface = 7 R%*h

RZ
.. Depth of C.P. = — + b below free surface, that is, R2/4h

4h
below shaft

.. Turning moment on shaft

R? . nR*og

— 2 - ;
= 7 R%ogh x - 2 [independent of 4]

_ 7(0.6 m)*1000 kg - m~3 x 9.81 N-kg ™"
N 4

=999 N -m
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2.13 t

0.5m Force on plate

=1150 kg-m™3

x 9.81 N-kg !

x 1.5 m(«/z m)2
= 33.84 kN
ar
6
Al?

(Akz)c, diagonal = E

(Akz)c, 1 plate =

since diagonals are perpendicular

.. Depth of C.P. below free surface

A2/12) + Ay? 12 2)2

— M =y+-—=11.5+ &
Ay 12y 12 x 1.5

= 1.611 m, thatis, 1.111 m from top of aperture

. Total moment about hinge = 33.84 kN x 1.111/+/2 m
=26.59kN -m

2.14 Width of gates = (3 m) sec 30° = 3.464 m

Thrust on ‘deep’ side of gate

= (1000 x 9.81 x 4.5)(9 x 3.464)N = 1.376 MN
Trust on ‘shallow’ side of gate

— (1000 x 9.81 x 1.35)(2.7 x 3.464)N

= 0.124 MN
Net thrust = (1.376 — 0.124) MN = 1.252 MN

1.252 MN
W = 1.252 MN

Resultant force F acts at height y given by

b b 2.2
Fl?l — FZ?Z = Fy, since F1, F, act at §h1’ §h2 below free surfaces
_ 1.376 x9/3 —0.124 x 2.7/3
Y= 1.252

Total hinge reaction R also acts at this height.

.. Force between gates =

m = 3.208 m

7
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2.15

If top hinge is distance x above bottom hinge,
Riopx = R(3.208 — 0.6) m

R

X =
Rtop

2.608m=3x2.608m=7.82m,

that is, 8.42 m above base

Horizontal component H

= Thrust on vertical

projection AC divided by width

1
= 51000 % 9.81 x 272 N.-m™~!

2
=3.576 MN .m™! acting at 3 x 27 m

= 18 m below BC

Vertical component V = Weight of water ABC

27 27
2
Area ABC = / xdy = 4/18/ yl/zdy — g /18(27)3/2 mZ
0 0

=396.8 m?
.. Vertical component = 1000 x 9.81 x 396.8 N.-m™!
=3.893 MN-m™!

It acts through centroid of ABC. Moments of area about AC:

27 27 272
396.8% = / xdy> = [ 9ydy =9 x £ m?
0 2= Jo 2

whence ¥ = 8.27 m

3.576 o
@ = arctan 3893 =42.57

Resultant = /(3.5762 + 3.8932) MN - m~! = 5.29 MN - m~"!

It intersects free surface at (18 tan® — 8.27) m from C

=8.27 m from C
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that is {8.27 + /(18 x 27)} m

=30.31 m from B

2.16 A Relevant forces are only those on
t Xl vertical plane 0.5 m wide.
0.8 m oil
y 1 B Total force on AB = Fy
I y 0.8 m 1 5 0.8m
1.2m = 1gxbdx = | = 0,18bx
l Water /O Qoil& [2 Qoil& ]O
C

1
= 5850 kg-m™> x 9.81 N-kg ™!
x 0.5 m(0.8 m)? = 1334 N

1.2 m
Total force on BC = / (06i1€0.8 m + Owatergy)b dy
0

1.2 m
= waaterg/ (0.85 x 0.8 m + y)dy
0

5 1.2m
= bQWaterg |:(068 m)y + y?i|
0

=0.5 x 1000 x 9.81(0.816 + 0.72) N
=7535N
Total force F = (7535 + 1334)N = 8869 N

Let total force act at height z above base of tank. Then moments
about axis through C:

0.8 1.2m
Fz=F; <1.2 + ?> m + / bowaterg(0.68 m + y)(1.2 m — y)dy
0
=1334 x 1.467 N-m + 0.5 x 1000 x 9.81 N.m~?2

1.2m
0.52m , y3:|

X |:(0.816 mz)y—i— > y 3

0
= 1957 N-m+ 500 x 9.81[0.9792 + 0.3744 — 0.576] N-m

=5771 N-m

5771

R
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2.17 :
9 —-—%
/ Force = ogba?
3 y Qil 2
/ Force = o (c—f)a—
——H A =008 2) 2
b
N ( N a> a?
oogc - ) =
‘ ! XT ‘ 08 Qg4 B
1 3
a
4 = oggcaz + %
- x (1 —o0)
Water / Water
/ For zero net force

a
b=oc+-(1-0)
8
Total moment «~ about centre-line for forces on left

aj2 a/2
=— / 0g(b — x)ax dx + / 0g(b + y)aydy
0 0

I S i NS S
= 08 8 "24" 8 "24)T 12%

— 1
.. Net Force acts at Egga4 = ogba® = a*>/12b below centre-line.

Total moment ~ about centre-line for forces on right

a/2 a/2
=— / cog(c — x)axdx + / (cogc + ogy)ay dy
0 0

22 3 243 1 i
= pga —oc§+oﬁ+ac§+ﬁ =ﬂgga( +0)

e L 4 2
.. Net force acts at ﬁgga (1+ o) =+ ogba

= a*(1 + 0)/24b below centre-line.

1| 4* a*(1 + o)
- Axis of leis -1~ _ 42V T77
. Axiso coupelsz{lzb—i— 24b

2

a .
= m@ + o) below centre-line

2.18 Pressure at centroid = (15000 + 900 x 9.81 x 1) Pa =23 829 Pa

. Total force = 23829 Pa x 0.24 m? = 5719 N
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This acts on vertical centre-line

1
.. Force on lock = 3 x 5719 N = 2859 N

15000
Ai i ival —————— m=1. f oil
ir pressure is equivalent to 900 x 9.81 m 699 m of oi

.. Equivalent free (atmospheric) surface is at 2.699 m above

centre-line
.. Depth of C.P. below centre-line = (Akz)c/Ay

= %/2.699 m = 0.00494 m

Moments about horizontal axis through upper hinge:

5719(0.125 + 0.00494) N-m = 2859 x 0.125 N-m + F (0.25 m)
.. Force on lower hinge = F = 1543 N

and force on upper hinge = (2859 — 1543) N = 1317 N

2.7 kg

g-m

2.19 2.7 kg of iron occupy
. Buoyancy force = 0.00036 m> x 1000 kg-m~—> x 9.81 N -kg~!
=0.36 x 9.81 N

.. Spring balance reads (2.7 — 0.36) kgf = 2.34 kgf
Parcel balance reads (5 + 0.36) kgf = 5.36 kgf

2.20 l Archimedes for case II:
—_I— /20
(1--1/20) 19
{ 9=1 Bl =I/—-
T 1 0 xs+0.8 < 55! s>
0'19/ _I whence s = 0.7!

Volume of water is constant

%(3d)2x +0.91
T 2 T
x {007 -3
- %(3d)2x/

+0.71 {%(M)Z . %dz}

59+ 0919 -1} =9x"+0.7{9 -1} . &' —x=0.17781

11
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2.21 | d |

Archimedes %dz (x —h)og

+—— Pressure p

=27x981N

P M At base of cylinder, pressure

h
_______ 1__ =po +ogx =p+ogh

7 Sp—po=o08x—h)
_ 27x 981N
T (7/4)(0.3 m)2
= 3747 Pa

For isothermal compression pV = constant

s p(H—=h) =poH

',th_pOH 3747

> = 105047 x 450 mm = 16.05 mm

B 27 x 9.81N
(/4)(0.3 m)21000 kg - m~3 x 9.81 N-kg ™!

cox =398 mm

=0.382m

az \$/R*
2.22 Fromeqn 2.7, p at 6000 m is pg (1 — T_>
0

9.81/287x0.0065
— 101 kPa (1 — M) — 47.01 kPa

288.15

47010
6000 m i kg-m™3
@At Ouum IS 5 87288.15 — 0.0065 x 6000) & ™

=0.6574 kg-m™3

which must be same as effective density of balloon.

.. Total mass of balloon = 0.6574 x %0.83 kg = 0.17625 kg

.. Mass of helium = (176.25 — 160)g = 16.25 g

_ap2v g4 ) )
223 BM = Ak /V_64d/(4d x0.61)_d/9.61

B is at 0.3/ above base.



2.24

2.25

2.26

Chapter 2

.. When M and G coincide, BM = 0.2/
d>=02x%x96% -.d/l=+192=1.386

Weight of pontoon
= (6 x3x0.9 m’> x 1000 kg-m~> x 9.81 N-kg™' = 158.9 kN

BM = Ak?/V =[(6 x 33/12)/(6 x 3 x 0.9) ] m = 0.833 m

GM = (0.833 + 02—9 - 0.7> m=0.583 m

7600 N-m = W(GM) sin 6

c.sinf = 7600 .0=4.70°
158.9 x 103 x 0.583

If relative density = o, depth of immersion » = 150c mm
.. Height of B = 750 mm

2 2
BM = AkY/V = 27d /4 b= 165 = T6x 1500 ™™
_ 75 m
T 320
. 75 150
For stability BM > BG .. e " 3 — 750
that i ! 1
at 1s 320 > o
16 + /256 — 32
2 3262-32641>0 o> +T — 0.9677
16 — /256 — 32
oro < —6 3256 3 =0.0323

this is unrealistic since cylinder is solid
.0.9677 <0 < 1.0

Mass of equal volume of water
= %(0.075)2 x 0.15 m® x 1000 kg-m~> = 0.663 kg
.. Mass of cylinder is between 0.641 kg and 0.663 kg

Power . 3.34 x 10°
T 14 x2nm

=80 x 10°(GyM;) sin 0.53°

N-m= W(GM)sinf

Torque =

whence GiM; =0.513 m
S BiM; =(0.513+1.6—-03)m=1.813m

13
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BiM; x Vi = Ak> = B,M, x V,

80 x 106
- B,M, = 1.813 m x x —1.907 m
80 x 106 — 400 x 103 x 9.81
3.34 x 106
2O X T 76.076 x 105(GyM,) sin 0.75°
1.4 x 27

whence G;M; = 0.3813 m

. ByGy = (1.907 — 0.381) m = 1.525 m
B,Gy = (1.6 — 0.3+ 0.075) m = 1.375 m
- G1Gy = (1.525 - 1.375) m = 0.150 m

355 1
227 Volume of water displaced = ——m?3 = 0.3463 m> = gnrzh

1025
1
= —7rV3
3

S7r=0.1910m3 - r=0.576m

2 T4 [l 5 3r7
= = — —_ h:——:— = .
BM = Ak*/V 4r/3m’ 17 4[3 0.2493 m

3
B is at Z/o — 0.748 m above vertex, that is (0.6+/3 — 0.748) m

= 0.2912 m below top
. Mis (0.2912 — 0.2493) m = 0.0419 m below top — this is
limiting position of G.

Let beacon be x metres above top. Then moments about axis in top:

300(0.6v/3 — 0.75) — 55x = 355 x 0.0419,

whence x = 1.308 m

2.28 Depth of immersion = 0.85 x 0.8 m = 0.68 m
. Bis 0.34 m above base

BM = ARV = L

/ 64

. GM = (0.0919 +0.34 — 0.4) m = 0.0319 m

k? 12/12 + 1% /4 0.82/12 4+ 0.5%/4
g(GM) g(GM) 9.81 x 0.0319

=3.822s

(1 m)4/%(1 m)2 x 0.68 m = 0.0919 m




0.9
229 0.405m3 = {0.93 - 0.970.9 tan(¢ + 9)} m?

8
whence tan(¢ +6) = )

Chapter 2

8/9 —tangp 3
stanf = —p—— =
a 1+gtang 7
ax
tanf = = =
7 a;+g
acos ¢
asing +g
¢=arctan1/3
whence a = gv/10/6
Total mass = (340 + 0.405 x 850) kg = 684.25 kg
o, F=684.25 x9.81v10/6 N = 3538 N
2.30 za
ay = 2¢c0s20° m-s~%;
/‘B a; = —2sin20° m-s~>
A 6‘0,,7,77 73 mm If A is origin, B is at
/ {(60cos20° 4 73 sin 20°) mm,
(73 c0s20° — 60sin 20°) mm}
that is (81.35 mm, 48.08 mm)
:X
Pressure at B = —pa,x — 0(g + a;)z + constant

If p at A is taken as zero, constant = 0

. pp=—790 kg -m~3 x {2c0s20° x 0.08135
+ (9.81 — 25in 20°)0.04808} m? - s 2
= —790(0.1529 + 0.4388) Pa = —467 Pa

15
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1 5 1 5
PB = PA + s0u, +083A — 08B — 50Up

2 2
1
— {1.17 x 10° + ?(1.82 —3.6%)

— 1000 x 9.81 x 6} Pa gauge = 53.3 kPa gauge

3.2 1.5m
For any given streamline

2
@ (n
8m 65m  Plan g + (Qg +z1)

2
= el + (P_z + ZZ)

——( ) 2g  \eg

If pressure variation
with depth is same as
hydrostatic — true only if
there is no appreciable
acceleration L streamlines,
that is, streamlines must be
sensibly straight and
parallel where measurements are made — then (p/0g) + z = depth of
stream at this point.

1 0 2 1 0 2
—(—=— ) f16m=—(—= ) 4145
2¢ <8x1.6m2> them=s, <6.5x1.45m2> thAm

1.6 m 1_;1_5 m Elevation

whence O =23.9m?.s7!



Chapter 3

— 1
3.3 GI=pszl‘i‘z(M%—M%>+g(22—21)+C(T2—T1)

(5.5 x 10 41.225 x 9.81 x 600) Pa 1 _, s
= —2%4-0 .
103 kg-m—3 +2( ) m”-s

+9.81m-s2(0 — 600) m +4.187 x 10° J - kg ' - K~ 1(1.8 K)
=7159.81 m? .52
00 = 1000 kg - m~3 x %1.22 m? x2m-s~' = 2262 kg 5!
.. Heat flow = 2262 x 7159.81 W = 16.20 MW

3.4 u=ug (1 + %) where y = height above base, / = full depth,

uy = velocity at base

3
. K.E. per unit mass = —ouph +o-uoh = = —-

since mean velocity = 40

o suy @5 (3)\* 10
“fT22 72 727\2) T

3.5 . 1
z x = (ucosO)t; z= (usinb)t— thz
2
gx
u . Z=xtanf — ——————
2u? cos2 6
[2]
2
X whence u? &X

"~ 2cos20(xtanf — 2)
Minimum #? requires max cos?0(x tand — z) = f, say.

d
d_g = —2cosfsinf(xtanf — z) + cos? 0 (x sec? 0)
=(1-2 sin® 0)x + zsin 26
=xc0s20 +zsin20 =0 when tan20 = —x/z
d*f

02— —2xsin 260 + 2zcos 260 = 2 cos 260(z — x tan 26)

17
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dz 2
When tan 26 = —x/z, —f =2cos20 |z + a
de? z

which is negative since cos 20 is negative
.. is then a maximum.

20 4 2, l+cos20 1-3/5 1
tan29——ﬁ——§ . Cos70 = > = > =3
c.tanf =2

.0 = 63.43° to horizontal

2 gx? _ o 981x200 5
2cos20(xtanf —2) 2 x %(20x2—15)

=3924m?.s2

u*  ou* 1000 x 392.4
26C2 2C2 2x0.952
=217.4 x 10’ Pa

p = ogh = og kg-m™.s72

3.6  Ap across orifice =0.271 m x 0.1 x (800 x 9.81) N.m™3
=212.7 Pa

p  0.772m(13 560 x 9.81) N-m—2
Q = —_— =
RT  287].kg™' K ! x288.95K

b4 Ap T 2 x212.7 Pa
5 O=Cy=d? 272 =0.6025(0.05 m)? | ———" %
Q="Cag Vo 5 0-05m Y 1238kg-m >

=0.02191 m>.s7!

39.5\2 0.018 m3.s~!
3.7 CC=(—> —0.6241 Cy= e —0.598

50 s
T 2x10° Pa
—(0.05m)?, | —————
4( m) \/ 850 kg - m~3

3.8 Static pressure = 1026 kg-m~3 x 9.81 N-kg™' x 15 m
=1.510 x 10° Pa

2
16 x 103 1)
—m.

=1.238kg-m™3

Gy =Cy4/Cc =0.958

1, 1
= = -1026 kg - m™3
29" =3 g-m < 3600

=1.013 x 10* Pa

.. Stagnation pressure = 1.611 x 10° Pa = 161.1 kPa gauge
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3.10

3.11

Chapter 3

3 -1
Theoretical 1 = (0.040/0.96) m” - 5 =2.358m-s!
(7/4)(0.15 m)2

and uy = 4141

1
p1—D2= 5@ (”% _”’%) +o0g(z2 —21)

=400 kg-m3(15 x 2.358%) m? .s2

+800kg-m> x 9.81 N-kg™! x 0.15 m
=34530Pa

Manometer measures difference of piezometric pressure

- %Q (1 — 1) = 33360 Pa

= (oHg — Qliq)gh
33360 Pa

h= =0.2665 m
(13560 — 800)9.81 N-m—3

Net effective area of piston = %(0.12 —0.022) m? = 0.00754 m?
. Pressure difference required = 180 N/0.00754 m?

=23870 Pa
_0.15m?.s7!
"~ (7/4)(0.35 m)2

where # = area ratio

"y =1.559m-s7! - u=1.559nm-s!

1
p1—p2= 50 <M§ - M%)
1
+. 23870 Pa = 5950 kg -m™3 x 1.559?(n* — 1) m? .52

350 mm

V4.66
=162.2 mm

whence #n = 4.66 and throat diameter =

\ / 300

—_—— A — — = — =1.
\— —-lh === tan 6 200 3

\ Ideal discharge through strip

6 = {B+2(H — h) cot 8}

4—:;:—»'

B x db/2gh

19
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H
. Oideal a@/ {B+2(H—h)§}h1/2d/o

0
= % f 3/2_f % 5/2
‘@[3 (B+3H)H 3% 5H

2 8
= >V2gH* (B+ —H
3V ( T )
2
. O =this x C4 = gx/19.62(0.228)3/2(0.1 +0.1216)0.6 m> .s7!
=0.0427 m3 .51

12 2
3 01=0.6 x 5(1.8 m)v19.62 m-s=2(0.08 m)>/2 = 0.0722 m>.s~!

. Approach velocity = 0.0722 m?-s7! + 0.3 m? = 0.2406 m-s~!

u?  0.2406*
== = 0.00295
2¢ 1962 m
.. Better approximation to total head = (0.08 + 0.00295) m

=0.08295 m

.. Better approximation to

2
0=0.6x3(18 m)v19.62 m-s=2(0.08295 m)>/?

=0.0762 m> .57 !



Chapter 4

4.1 0.8 u Fy = 00(0.8%cos 150° — u)
" = 0A1u*(—0.4v3 — 1)
Fy = 0A1u(0.8usin 30° — 0) = 0.40A 1
- P = P24 P2 = 2 A% (1.64 + 0.8V/3)
- %
5 2000 N

s u=242m-s!

71000 kg m-3)(x/4)(0.05 m)2/3.026

0 =Z(0.057 x242m* 57! = 0.0475 m® 5™

4.2 X 0.23

U= —— —m-s ' =3254m-s!
(r/4)(0.3)2

) u2=4u1

1.4 x 10°

E L X
T8y €A 3600 x 9.81

(2) P2

T 1000 x 9.81 N -m-3
16 x 3.2542
19.62

whence py = 74 300 Pa

Fx + p1A1 + p2As cos 60° = 0O (up cos 120° — uy)
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- F,=1000kg-m™ x 0.23 m>-s7!
x (—4 x 3.254 x 0.5 —3.254) m s~ !

—14x10°N-m2 x %(0.3 m)2

— 74300 N~m’2% % (0.15 m)20.5

=—-12800 N

Fy —p2Assin60° + W = 0O (u sin 120° — 0)

3
- F,=1000 kg-m™3 x 0.23 m> -s7! x 4 x 3.254 x ‘/7— m-s~!

+74300 N-m~2 x %(0.15 m)zg

—0.085 m® x 1000 kg-m~> x 9.81 N-kg ™!
=2896 N

F=+128002 +28962 N = 13120 N
2896

tanf = ——— .0 =180°—-12.76°
MY 12800
Force on bend is equal and opposite to this, that is, ﬁr
4.3 (2) Assume flow at (2) entirely parallel to sides of

cone.

Then p, = atmospheric. Assuming steady flow and

(M constant o

1 2 1 2
p1+ 5011 =2 + 501
1 -3 2 2 2 -2
D1 =atmos.+zl.22 kg -m™>(60° — 15°) m” s
= 2059 Pa gauge (if velocities uniform)

2059 x %(0.6)2 N — F = 0O(us cos 45° — uy)

60
—1.22kg-m3 x 2(0.6 m)>15 m-s (— - 15) m-s!
s 1 2

whence F = 440 N
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4.5

Chapter 4

Assuming uniform

2 o .
0.2m - conditions over each
cross-section considered,

31 kPa 0.6 m3.s™! 0.6 m?
P — (31 x 103 Pa)(0.2 m?)
0.4 m? 1.4 m3.s™" 3
- + (30 x 10° Pa)
30 kPa 0.8 m3.s™"

x (0.4 m?) — p(0.6 m?)

1.4 0.6 0.8
p— . 73 - 0o - 0.4 4.72
— 1000 kg.m [1.4(0.6) O.6<0'2) 0.8(0_4)]m :

=1000[3.26 — 1.8 — 1.6] N = —133.3 N

1 . .
b= W[&OO + 12000 + 133.3] Pa = 30.5 kPa

MZ 32
Energy/mass of stream A = ba + TA =(31+ > m?.s2
o

=35.5m?. g2

22
Energy/mass of stream B = (30 + ?) m?.s72

=32.0m?%.s2

11N,
Energy/mass of stream C = 30.5+§ 06 m--s

=33.27m?.s2

-2 -2

. Stream A loses 2.2 m? - s Stream B loses —1.27 m? - s

Total loss by stream A = 600 kg-s~! x 2.2 m?-s72 = 1333.3 W

Total loss by stream B = 800 kg-s™! x (—1.27) m?-s™2
=-10222 W

Difference = (1333.3 — 1022.2) W = 311.1 W

For steady flow, coordinate axes must move with boat.
For uniform conditions at inlet and outlet F = ¢OQ(u — ¢)
If static pressures fore and aft are equal, this is total propulsive force.

.. Useful output power = Fc = ¢Qc(u — ¢)

1
Power of spent jet (wasted) = ZQQ(M —¢)?

23
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.. Total power = ¢Q {c(u —0o)+ %(u — C)Z}

1
=00(u — )50

. 00c(u —¢) 2
Q-+t mte

With assumptions as before

1500 N = 1000 kg - m™3 x Q(17.5 = 9.3) m-s~!

1.5 5 1.5

O0=-"mds, A=—"" m?=0.01045 m?

LQ=gp s §2x 175 ™ —001045m
17.52 —9.3%

Head to be supplied by pump:wmzlllm

1.
. Power = é m?-s7! x 1000 kg-m™> x 9.81 N-kg™' x 11.2 m
=20.1 kW
20.1

. Engi = kW =30.92 kW

ngine power 065
dv
ds

m
=2134 N=mx —
meA

2 =2.134 N x 1.29 ke - m’3%(0.006 m)?
whence 72 = 0.00882 kg-s~! =8.82g.s71

46 i, =M= — SF = 0.086 kg x 15 m-s~2 — (=0.086 x 9.81 N)

d
47  sF=— (1450N-s-m—1)u=Md—’; — thuty

dv

5 — 90 kg-s~! x2600m-s~!

= {2500 kg +x — (90 kg - s_1> t}

_ dv _ dt
7234000 — 14500 2500 + x — 90¢

1 In (234 000 — 14501/) _ i N (2500 +x— 90t)
1450 234000 90 2500 + x

since v = 0 where t = 0
v is max when all fuel burnt, that is, when t = x/90 s

90 | (234—145x 150\ _ (2500
1450 234 =\ 25001 »

whence x = 447 kg

48 2 x 4.25

— — -1 -1 _ -1
M4—2M2—M1—Wm's —12m-s =18.06 m-s
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Chapter 4

F=00(us —u1) = 1000 x 4.25(18.06 — 12) N = 25.77 kN

2141 uq 12
- =M 22 7989
T i +uws  wy  15.03 °

2 2

uy —u QQ
P= QQTl (4142 4141142)
1000 x 4.25
— +4 x 15.03(15.03 — 12) W = 387 kW

u; =288 km-h™' =80m-s™' u, =u1/0.9
F =004 —uy) = 00Quy —uy —uy) =200y —uy)

= ZQAﬂ ( .

2
e 0Aut = 10300 N

mo_, )_L
09 1)T 081
10300 x 0.81

= T m?=543m?> d=263m
0.2 x 1.2 x 802

Fu
Pigeal = QQ (744 ) =200 (M2 — u1M2> = Fuy = 0—91
10300 80
= O—; W = 916 kW

(14 m-s ' +uy)(14*> m?-s72 — uﬁ)
2x 143 m3.s73

. 144:7(«/5—1) m-s ' =8.65m-s!

n=0.5=

(Negative root and #4 = 0 are rejected.)

A > (1 —ug) = —0A (”1 - u4)

F =00 —uy) = 5

1
=3 1.235%122(142 — 8.65%) N = 8460 N

u1+u4 14 4+ 8.65

-1 -1
=11. .
> > 33m-s

uy =

1
pr—pi = (u% - uz) - —1 235(14% — 11.33%) Pa
= 41.8 Pa (gauge)

1
ps—ps=3e <u4 - 143) - _1 235(8.652 — 11.33%) Pa

= —32.99 Pa = p3 (gauge)

P= %QQ (M% - ”ﬁ) = %QAMZ (”% - ”‘2‘>

1
=3 X 1.235%122 x 11.33(14% — 8.65%) W = 95.8 kW

25



Chapter 5

5.1 Resame in both cases.

. Mw QOa
LUy = Uy —
Ha Ow
1.12 x 1073 1.225
=21.5m-s!
M 8% 103 1000
=1.639m-s!

2 Ow = %(0.04 m)21.639 m-s~! =2.060 x 1073 3 .s71

=2.06L-s7!
(AP* /D air _ Qauf _1.225 x 21.52 0210 — 1
(AP*/Dwater  0wt2, 1000 x 1.6392 ~ 7 4.74

g1/2h3/2Q gbZQ o
/,L b )/ b

5.2 0 :g1/zh5/z¢(

For dynamic similarity, g'/*bh>?0/u must be the same.

b N 2/3
Assume effect of y negligible. .. liguid _ < hquld) —4

hwater Vwater
Ql _ Qw

Also == = ==
h{/z h\5N/2

hw 5/2 Ql s
S QWZ(E> Q1=3—2=0.000625m .S
. 0.000625 = 0.762h%*7  whence by, = 0.0563 m
b1 =4by =225.2 mm



Chapter §

5.3 Equate pwD?/p.

p20101D3
W)= —7—
n102D5
1.86 x 107° x 1000 x 144.5 x 0.2252 .
= rad-s
1.01 x 103 x 1.20 x 0.6752
=246.4rad-s7!
31
D3P
Equate P/ow’D®. . Py = 92“’2—3251 and
o101 Dy

P2 Q2w§D§T1a)1
Lh=—= 315
w2 Qla)lDla)z

2(2) () n
01 \ w1 Dq
1.20 (246.4)2 <0.675

~ 1000 \144.5) \0.225
—0.933N-m

N
> 1.1 N-m

54 _Q =¢ a)_dzi
wD3 v °’D

d/D is same in each case; so is wd? /v

Systems are dynamically similar.

O = wairDiirQwater . 10.9 <@
U g D3 20.7 \ 150

water

3
) 42.5x 103 m3.s7!

2.797 m3 .51

5.5 120 x I x 60m-s~!  1000(//2)uy,

1.86 x 10— ~1.01 x 103

whence sy =7.82m-s

Equate Re :

. F F Fair
Since 2 = #(Re),equate G 0 % 602

B 1140 N
~(1/2)21000 x 7.822

whence F,;; = 322 N

5.6 5 = ¢(Re) or equivalent is readily proved.

ou?l
un(/Hom (3.5 m-sHI(1.0250m)

Equate Re : =
d Vo 1.07/tm

27



28 Solutions manual

oy =13.41m-s!

14213T 3.5 2
LA 025( ) 43 %20.6N-m

T
E — =
auate oap P T o2 B 13.41
=92.0N m
5.7  Frthesame. .. Velocity o (gl)!/?

- Flow oc 2 (gh V% o IP/?

5.8 CD = ¢(Re).
dai 0w
Equate Re : ttyaey = —2r air Hwater
dWﬁtef Owater Mair
1.2 1.01 x 1073
30m-s!
1000 ~* 1.86 x 10-3 m-s

air

=2 x
=391 m-s!
1
A 1r 2
(Area),; (2 )

(Area)water (_ Quz)

water

. Cp equal . Drag,, =

water

30
=4 x — ) 152N =42.
1000 <3 1) S2N=42.96 N
2 2 ! 4
52 Equate Fr: lﬂ M—‘; = <%) <_P)
lP Mp Qp [m
In  \Om/) ~\075) 7
. F
Since Egi? = ¢(Fr), equate Poi
2,2 2
= gra= () () = (&) (&)
P lrznu%l Om Om Qp
O\ 120\ /5
=\7 Fon =52 2.8 N=1236 N
<Qm " 0.75
5.10 yRTm\ /2
Equate Mach no : uy, = u, (VR—Tp)

400 m. s (288.15)1/2

228.15
=450 m-s !



Chapter §

Equate Re : Ym _ <_m) _ ‘p@pHm

Up Tp lQOMp
Py T (T \? [ Tp+177
T Inpm Ty \T, T + 117
Cbm T\ b (Tp+177\  (288.15 220345.15
o \Tp) In \Tm+117)  \228.15 405.15

whence pm = 821 kPa

) [ \1/2 1/2
5.1 Equate Fr: ,',tﬂ:lﬂu—p:lﬂ<—p> :(lﬂ>

tp lp Um lp lm lp
12.4 h
Im = 100—1/2 =1.24 h
5.12 Equate b= sz , that is, equate b _zpv , that is, equate 4 —th
u

5o
. _ _ 1 _
= pom= 5B =P

1 5
== (1.013 x 10° — 1000 x 9.81 x 7 — 1230) Pa

= 2617 Pa
C.pm = (2617 +2340) Pa = 4957 Pa

7
= m—1 81 x —P
(o) 000 x 9.81 x B a

o (Po)m = (4957 + 5722) Pa = 10.68 kPa

Qm Um lm z lm 32
O <E> N (E)

7m3.s71

2 Om =5 = 1403 x 107 m’ .57

5.13 Equate Fr. Then u, = um(lp/lm)l/2 = (1.5m-s 1)(100/4)!/?

=75m-s !

Skin friction = kAu". For model, 14.5N.-m 2 =kn,3m-s H1?

whence kp = 1.798 N.s12 . m—32

12
- At 1.5 m-s~!(Skin friction),, = 1.798 x 25020 x 1.519N

=746 N

29
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.. (Resid. resistance),, = (15.5 — 7.46) N = 8.04 N

l Im

m m

Op “1% 11% o (I 3
(Fresid)p = (Fresid)m 7 (Fresid)m 7
Qm um Q
= 8.04 x 1.026 x 25° N = 128.9 kN

(Skin friction), = kp(Area)pué'SS

chp=43N-m 2@ m-s7) 18 =563 N8 . =38
S At7.5m-s !

(Skin friction), = 5.63 x 1200 x 7.5'% N
=281.1 kN

. (Total resistance), = (128.9 +281.1) kN = 410 kN



Chapter 6

6.1 R udo 400 4x0.020m?-s7! x 1260 kg-m—3
o= a0 _ _

= = = =357
m wdu 70.1m x 0.9 N-s-m—2
12 12 . .02 4
Ay = S[LQl: 8 x 0.9 x 0.020 x 5N~m_2=3.3x105Pa
md* 70.14

. p at upper end
=(5.9% 10° —=3.3 x 10° — 1260 x 9.81 x 455sin 15°) Pa

=116 kPa
_dAp* 0.133x10°
To=g— =4 45 Pa=1833Pa

6.2 Fromeqn 6.19, u= —k(y> —cy) where k = constant.
Total rate of K.E. flux divided by width
Total rate of mass flow divided by width
B I %(QM)MZ dy fo u3 dy
~ Jyoudy 2 [5udy
_ —k3 foc(y6 — 3¢y’ + 32y — Sy dy _ EE
=2k [ (y* —cy) dy 270

1 [ kc?
um:—/ z/tdy:L o ket = 6upy,
c Jo 6

2
- KE._ Soun 7% — 1.543u /2

6.3 B 40up 4  4x0.01 m?-s!x1.6Pa-s 4

= - = - =2.691
nR3|‘cy| 3 7(0.05 m)3 x 120 Pa + 3
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From eqn 6.15, m(finally) =2.674 =19/t .. |79| = 320.9 Pa

dp*  4r 4 x 320.9 Pa 1
ST XL T T 12835 Pa-
T dx d 0.1m 835 Pa-m

S Ap=12835Pa-m ! x 15 m =192.5 kPa

d
64 Case (a): Torque = 2m’lud—ur = anzlug
r

- Power = Tow = 273 lpw?/t
Case (b): p= 12ula/t*  (from eqn 6.21)
Power = Qp = 2xrtip = 2mrt’p? /12ul
23 lpw? _ 23 p?

Equate powers:

t 12wl
2
whence p = LRTONS lr;)«/g
c
65 F 620 9 _ 1200
. rom eqn 6. = ==
4 dr 2mred
© 6pQ, _6pQ, 7
dp = n— = — 1
/ / nrc3 T xcd Ry p (1)

.. Total lifting force between radii Ry and R» is

Ry RZ_RZ
—/ o1Q nRLandr:6M3Q|: 2 1—R21n&

R, wc3 5 ¢ 2 1Ry

But from eqn (1) above

6nQ  mpy
3 In(Ry/Ry)

and there is additional lifting force plnR% between radii 0 and Ry

o Py RI-Rf 5 Ry 2
*. Total lifting force = InR,/Ry) |: 5 1 - Ry IHR—1 +p1m Ry

B TPy (R% - R%)
~ 2In(Ry/Ry)

S 6u1QIn(Ry/Ry) _ 6 x0.08Pa-sx0.85x 103 m3 s !ln4
Tp1 75.5 x 105 Pa

=3.273x 10710 m3

¢ =0.689 mm
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6.7

6.8

Chapter 6

%2717& = u+8u)2n(r +8nh —ulmrb = 2w h(réu + udr)

dt
dh d _
S :ha(ur)
> db _ . N
T hur 4+ const. Const. = 0 to satisfy conditions at
r=0
a=l
RRPT T
dp  12um _ 6prdh
From eqn 6.20, B S S T
° 6udh [ 3udh ,
/pdp__p__hTE,rdr__bTaa_r)

[ _ 3udb ., 3
F_/O pandr_hTEZHfO(a r—r)dr
_emudp[at o
B3 dt |2 4
_37t;m4dh

2K dt
Weight — buoyancy of piston

= (9 % 9.81 — %0.1132 % 0.15 x 900 x 9.81) N

=75.0N

Using mean diameter 114 mm, eqn 6.27 gives
4x75.0N
Vp =
370.12N-s-m~2 x 0.15 m(114/1)3
o 0.075 m
"~ 1194 x 103 m-s—!

=1.194x10 3 m.s!

=628s

ud d d*
Re=— = __g(Qdust = Qair)
v v18u

180120.1
8(0dust — Qair)
_ 18x1.225kg-m 3 x 14.92 x 1072 m*.s72 x 0.1
B 9.81m-s~2 x (2500 — 1.225) kg-m—3

whence d =2.713x 10> m =27.13 um

v 01x149x 107 m2.s71
u = Re- =
d 2.713 x 10~5 m

Max. d3 is when Re = 0.1. Then d° =

=0.0549 m-s !
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6.9 13.7 x 10~¢ kg

= =7750 kg -m™3
O T /6% 1.5 x 109 m3 §-m

_ d*glos—0)
o 18u
1.52 x 1076 m? x 9.81 N-kg~! x (7750 — 950) kg - m~3
18 x 0.5 m/56s

=0.934 Pa-s
do 0.5 950
Re = % = = X 0.0015 x o= = 001362 which is <0.1

6.10 Difference of depths = 50 mm.
Difference of torques = 0.36 N-m

T(a* — b?)
M= 4ba22e
0.36 N-m(0.05052 — 0.05%) m?
T 47 x 0.05m x 0.05052 m2 x 0.052 m2 x 30 s—1
= 0.1505 Pa-s

[eqn 6.32]

0= 150 -T2

_T_821 a B 20 17!
F=%v 1"\a=1)  22=1

5x 10° N-m~! x (1/3000)2 {1 225 300}—1
= n_ —_— —

c.a =225 mm

6x1.5m-s™! 75 300
= 0.0626 Pa-s

. TS uV b
Drag/width = > + —~ In Iy
5x10°  0.0626 x 1.5
- |
{2 <3000 173000 3} N

=392.8 N

. Power =392.8N x 1.5m-s" ! =589 W

6uVx(l — x)
82(a—x)2Qa -1

Fromeqn 6.36 p =

dp 6uV (@a—x)*( —2x) + x(l —x)2(a — x)
L= = =0
dx ~ 82Qa -1 (a —x)*



Chapter 6

al
2a—1
3uVI2
282a(a — D Qa—1)
From eqn 6.40
_aBa—2Inla/(a—D]—13a—1/2)

Xp = p
2a—Dln (—) -2/

a—1

when x =

=5.63 x 10° Pa

.. Pmax =

=91.1 mm

1 dp Vv q
F 635 ——=— — —
rom ean DQudx 22 B
\% epr qep3x
= —F=EXp—F— — S Xp —

23 I

b P
b v 2x  ql 3x
. 12“-4}]% exp 3h? exp - +C

6.12

where C=constant. p=0 at x=0 and x=1.

Vi ql Vi ql
0=—-=-=4+C and 0=—e*— = +C
4h3  3h3 " 4h3 ‘ 3h3 ‘

.. . . Vi 2 ql 3
Eliminating C gives @(8 -1 = 3—;]?(6 -1

If max p occurs when x =x, and b =hy
then V/2 = q/hyn (from eqn 6.35)

2 2 xm V. 4 (-1
L =——eXXp == — —_—
hm by P / q 3h\e2 -1

Xm 2 (e -1
L= n{§<e2—1>}_0'689

P —e)22+6?)
B 127 QR3¢

(20 x 10° N/0.06 m)(0.001)%0.8 x 2.36
T 127 x 207 rad-s~! x 0.025 m x 0.6

=0.01771Pa-s

6.13

(@)

47 Q2R3 (1 + 26%) x Length
c(1 —eH)1/2(2 4 &2)
4770.01771 Pa-s(207 rad-s~1)%(0.025 m)21.72 x 0.06 m
- 0.001 x 0.8 x 2.36

Power = Torque x Q =

=30.02' W
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Supply hole ideally at position of min pressure,
thatis, where h = by thatis, c(1+&cos8) = c(1—e2)/(1+€%/2)

3¢ 18
2+¢2 236
.. Min pressure is at 220.3° from OC, that is, 130.3° from load line

462(1 _ 82) 16 5 —-1/2
(b) /LZFOFCCXW{(?—1>E +1}

s.cosf = — 5.0 =180° £40.3°

4 x (0.001)20.025 m(0.64)2
(207 rad-s~1)(0.06 m)30.6

x {0.621 x 0.6 + 1}71/2

=20 x 10° N x

=0.02895 Pa s
7(1 —e2)1/2 0.8 b4 . o
@y = =06 3 V=132

. 130.3° from load line is about 84° from OC.
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045 m3 .51
7L, S DO e mes!
(r/4) (0.15 m)

_2.546m-s7! x 0.15m x 1830 kg- m 3

R
¢ 0.04 Pa -

= 17480

.. Turbulent flow.

- f=0.0014(1+ 100 Re"'/3) = 0.00679

u* (4f1 2.546% (4 x 0.00679 x 18
= 1.5 ) m

=2 (L2 415) =
= \a " 19.62 0.15

=1.574 m

. Power = 0.045 m?-s™! x 1830 kg - m™3

x 9.81 N-kg~1(6 +1.574) m
= 6120 W

1 1
7.2 1, for liquid = Eguzf = 5900 kg .m~3(2.5 ms1)20.01
=28.125Pa
1
70 for water = 51000 kg -m™32.5m-s71)%0.01 = 31.25 Pa

Wetted area inside one tube = 70.025 x 3.65 m?
=0.091257 m?
Wetted area outside one tube = 70.03 x 3.65 m?
=0.10957 m*
Wetted area of cylinder = 70.75 x 3.65 m?
=2.73757 m*
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Case I Area wetted by liquid = 18.257 m?

Are wetted by water = (200 x 0.1095% + 2.73757) m?
= 24.647 m?

-~ Power=2.5m-s! (25.125 x 18.257 + 31.25 x 24.64n) N
= 10.08 kW

Case Il Power =2.5m -s !

x (28.125 x 24.64mw + 31.25 x 18.257) N

=9.92 kW

. Saving=2.5m-s" !

x (—=28.125 x 6.397 + 31.25 x 6.397) N

=157 W
7.3 Jetvelocity = /2g x 35 m =26.20m-s~ !
1.4 x 10°
1.4 MPa= ———— m = 142. h
T T 1000 x 9.81" 7 m head

Sohp=(142.7-35-3) m=104.7 m

4 x0.01 x 450 u?
0075 2g

whence # in pipe = 2.926 m-s~!

. 2926
et ™ 26.20

0= %(0.02506)2 x2620m> 57! =0.01293 m> -s~!

x 0.075* m* . djer = 25.06 mm

1
Power = 0.01293 m> - s x 14 x 10° N-m~2 x 55 = 25.85 kW

74 7, =200Pa= Ap*%dz/(ndl) — Ap*d/(4l)

200 x 4
apr = 200X A X600 480 kpa
0.1
900 o
S Dinler = [ 120 + 480 + 1000 9.81 x 60sin 10° | kPa = 692 kPa
480 x 103
= X = 5437
=900 x9.81 " m

N 4l u? 16v 32wy
If flow is laminar b = d2g wd = o



ghfd2 -1
= :2 .1 *
u I 3.15m-s

. Re=23.15x0.1/120 x 107% = 19290

. Flow is not laminar.

1/4
If flow is turbulent by = —lu—0.0S (L)
28

5/4
74 hed” RN .
= oA =298 mesTH L u=6.963m:s

.. Re=5803: OK

Q= % (0.1)%6.963 m* -s7! = 0.0547 m> - s7!

75, 4f1t. [ Areaofjet \>  4f40 a0 005
£ 74 2¢ \Areaofhose ] ~ 4 d
0.04f
VA
15 120

x4 - =
<85X Om 17m

oo4 17
L s

[(m®]

5
3ooof [m”]

17 x 0.01

: 5
Use higher value of f. Then d° > 3000

1
= ?7 x 1079 [m5]

s.d>1.415 x 107! m = 141.5 mm, say 150 mm

7.6 10 m water = 1000 x 9.81 x 10 Pa. Now b = KQ?/,
where K = constant.

- (4 +9.81)10* Pa = K(0.049)2900 m”’ - s~2

New Ap = K(0.067)2450 m” - s72 + K(0.049)2450 m” - s 2

13.81 x 10* [ /0.067\?
= 1} Pa=19.81 x10*P
2 {(0.049) * } a x0T ke

.. Inlet pressure = (19.81 — 9.81)10* Pa = 100 kPa

Chapter 7
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7.7

7.8

For steady flow, head difference = ¥ losses
Entry to pipe (1): O.5u%/2g

4f Iy uy
Friction in pipes (1) and (3): 2 x fh vy
di 2g

25

where f = 0.005 (1 + ﬁ) = 0.00667

2 x 4% 0.00667 x 7.5 u?

. Loss = = 5.33ut/2
oSS 0.075 2g “/28
Enlargement, (1) — (2):
(11 —up)* o} 1)? 2
Loss =——=—(1-—] = 0.88u7/2
. 2g 2g 16 “i/28
: AL (di)?
since uy = e up = 3 u
4f w3
Friction in pipe(2): 2—22;—2
here f = 0.005( 1+ 25 0.00542
ref = 0. — ) =0.
where 300
. 4 x0.00542 x 60 ;uy\2 1 )
.. Loss = 03 (E) 2% 0.017uy/2g
Loss at entry to (3) is 0.5u§/2g = 0.5u%/2g
Exit loss = u%/lg = 1.0u%/2g

Total = 8.23u%/2g
S 1S5m= 8.23u%/2g whence %7 =1.891 m-s™!
~0="(0.07521.891m> s = 0.00835 m>-s ! =835L.s!
Q 4

370 x 103
Inlet head = m m = 46.0 m; Static lift =20 m

4£185 ( 0.040 )2 P
m
d19.62 \ (n/4)d?

-.d> =0.003763f m’
0.040 d - 2.214 x 10*
e = ml=————
(m/4)d? 2.3 x 10-6 d
Try f = 0.006 Thend =0.1177m; Re = 1.886 x 10°;

k0.5 x 1073
d 01177
. f =0.0057

Sohp=26m=

[m]

=0.001274
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Thend = 0.1165 m; Re = 1.901 x 10°; S =0.001288
. =0.0057
..d =116.5 mm, say 120 mm
7.9 n 2ghi\V? k 2.51v
~ (=) ]
Q 2 ) °81371d " d3/2 (Zglaf/l)l/z
™ 19.62 x 26\ 1/? 0.15 x 1073
=—2(0.075%2 [ 222222} Jog{ 22—
7 (0:075) ( 185 ) Og{3.71 x 0.075
2.51x23x107° 3 1
+ m--S
(0.075)3/2(19.62 x 26/185)1/2

=0.0127m>-s 1 =12.7L-s1

B Let head difference

7.10
AQ above level XX be A

- 2) metres of liquid. Then

) (h+0.05)1200 x 9.81
=0.05 x 13600 x 9.81
- h=0.517
X— 1 — X
50 mm
_t_
* 2 *
Manometer measures P_2 + %) - P_1
og 28) o8
1
that is, % [u% — (uq — uz)z}
1 o*( 2 1
2¢ ( i ”2> 28 (AlAz Ag) m
2ghA,

e Y
~ Q7= @A — (/A

19.62 x 0.517 x (7/4)(0.1)? 6 2
[2/(r/4)(0.05)2] — [1/(7r/4)(0.1)2]

=893 x10° mf.s2

L 0=945%x103m?.s7!
. Mass flow rate = 9.45 x 1073 m?-s~! x 1200 kg-m™3
=11.34kg-s!

141
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4f1 u?
(hf)A = 7@

! af1)2u3  4Af1)2 uj
& — S L/ A L
(hp)p 4 2 d

2f luf 1
-"?@@+ﬂ

. uq
sSimce Uy = u3 = 7
.M 8 . 0
(he)g = (Pe)y - o Vs 1.265 .. Increase = 26.5%
7.12 X
A} /I\
1.8 m h(}i) ‘
1 I 46m
4m
l 1.2m
}
Lengthto X = x = v7.52 + b2 [m]
4 % 0.01 x 36\ u? 2
4.6m= (1.5 + L> Y 02893 m
0.1 2g 2g
40 x 103 2

Energy/weight at X = + 2y (h—1.8)m

1000 x 9.81 " " 2¢
= Energy/weight at A — Head losses between A and X

101.3 x 103 4fx\ u?
=27~ m—(05+ =)=
1000 x 9.81 < + ) 2g

d
4% 0.01
-.0.2893 (1 0.5+ >;)—1\/7.52 n h2> ny

_ 61.3x10°
1000 x 9.81

7.13 : 0.0425 m3.s71 i
Velocity at C = =8.73m-
clocty @ (7/4)(0.1 m)20.62 s
0.0425

(/4022 ™

+ 1.8 whence b =6.47 [m]

Velocity at B = s 1=1.353m-s7!

2g
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(8.73 — 1.353)2

962 m=2772m

Head lost C — B is

= Loss between A and B

m-—2.772m

Py —pa _#a—ug _, _ {(200/150)* —1)1.3532
0og 2 ' 19.62

=-2.571m

Power = 0.0425 m> -s™! x 1000 kg-m™> x 9.81 N-kg ' x2.772 m
=1156 W

714 _ud _ 40 3.2 -
= — = = m
v wdv 70.6 x 10~6d

which is >10° for all reasonable value of d.

For given Q and ¢, power o by o ¥

B\ 1/3
f depends on relative roughness; .. f (2)

. Power oc d~16/3

. If power halved, d multiplied by 23/1¢ = 1.139,
thatis, d =569 mm

For n pipes in parallel Re = 4;%2/:1) cdy=dy/n
2
Total power = nggghf = Qggw
n Nzgdg
_3200°1 5 . <£>1/3
= —Engnz cons 5

4o\ 1673
(%)
n

. Power for n pipes _ 7193, Thisis >1 .. No advantage.

" Power for 1 pipe

2 2
715 Pipe 1:  he + ﬁ[Which is lost] = u (4 +1
2g 2 \ dq
16073
_ 00t (4rh )
n2di2g \ di

43
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1602 4% 0.008 x 45 ) s
= 1) s*-m~
n2(0.1)419.62< 0.1 * ) T

=1.272x10*°Q% s> . m~’

u? 1602 4 % 0.008 x 60
Pipe 2: h¢+ =% = 2 : 1) s> m™
e s Bt S = 130.15)419.62 < 0.15 ) som

=225205 s*-m™

-, Total head at pump outlet (inlet as datum)
= 6.6 m+ 1272007 s* - m ™ = 8.6m +2252Q5 s*-m™>
. 12720(0.037 — Q)% =2 4225203

whence Q) =0.02153 m?.s7!

- Head at outlet = [8.6 + 2252(0.02153)2} m = 9.64 m

7.16 4x0.01x16x 103 , s 2
hap = 03 % 19.62 uy =108.7u3 [s“-m™ ' 1=125m—h

where b = head at D above C.

_4X0.01X9500 2 2.2 17 _

L _ 4x0.01 x 8000
bC= 015 x19.62

uzc = 108'7”2C [s2-m =h
T

Continuty: % (0.3)2 up = % (0.2)2 ug + 7 (0.15)2 uc

Hence h = 89.2 m.

. 592 1 1. /892 _1
C.up = 96‘8m-s =0.781m-s""; wuc= 108'7m-s

=0.906 m-s !

- O = 2(0.2)20.781 m? -5~ = 0.02456 m> - s~
4
c=2(0.1520.906 m3 -5~ = 0.0160 m> - s~!
4

0.48 .

7.17 QO from A is 0.48 m?.s7h Ly = W m-s
g .

=1.086m-s~!

4 x 0.006 x 10* 1.0862
be), = =19.25
(ht) 4 0.75 1962 " m
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Head at junction above level of pipe

- {3 +(2.2 x 1073)10% — 19.25} m=575m

(he)p = {5.75 + (275 x 1073) 5500~ 3} m =17.875 m

2
4 % 0.006 x 5500 { 0.24 P
= m
dp19.62 (/4)d%

whence dg =0.512 m

() =1{5.75+ (32 1073) 3000 - 3} m =12.35m

2
_ 4x0.006 x 3000 [ 0.24 P
- dc19.62 (/4)d2

whence dc=0.488m

4 % 0.008 x 1000 u?
718 5= 21X O6X 1;"62 2.m! - u=332m-s!

0= %(0.6)23.322 m?.s 1 =0.939 m3 .51

1 1
10 = 500f = 51000 x 3.322% x 0.008 Pa = 44.1 Pa
In first half of pipe u, = u;, — 1”51%9:)
at x metres from inlet since (_)Ccli_% — 5% ({ 3m
4f [500m 4f [500m a2
h = —_— Zd - ! .- in d
fT2ed o T 2d )y (1 = 3550) 4

0.032 300
1- 1500
T 19.62%0.6 m[ ( 1500) (= )}

19
=1. =1. 2
359u? { ( ) } 359u 3o

4% 0.008 x 500 /2 \? , 4
0.6 x 19.62 (5”“1) = 13595

bfl: ing

19 4
.30 b by = 1.359u> —
m = ng + ne u; (27 + 9)

whence u;, =4.385 m s~

45
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2
Houe = 3 X 4385m-s 1 =2.923m-s!

. Oout = 2.923%(0.6)2 m3.s71 = 0.826 m3 - s~

7.19
1m For upper, rectangular,
l portion — (18 x 9 m?) db
f =0.92 (0.15 m)?
Tm 4
1 h x 2,/2gh dt
4
-1 1m
t = 89 b2 dh =952 s
0.9 (m/4) x 0.152 x 24/19.62 Jom
h
For lower, triangular, portion A = T18 x 9 m? = 162h m?
1 0 12
t = —Ab™ = dh
27 0.9(7/4) x 0.15% x 24/19.62 J1m
0
= 7.10/ —162hY2dh =767 s
1m
Total time =¢#; +#, = 1719 s
7.20

8h =8 (za —2B) = 824 — —1'55 —65 8 —55h
= 0(ZA —RB) = 0RA 7.5zA —SZA ..ZA—6

- (1.5 mz)%w = 0.6%(0.025 m)2v19.62 m-s—2h1/ %5t

L ~1.5 % (5/6)
©0.6(7/4) x 0.02524/19.62 J1.2m
—2100s

h=Y2dh =958 x 24/1.2 s

7.21 Let surface areas of tanks be A, B. Then A(—68zp) = Bdzp

= Qét
Sh=8(zn —28) =9 1+A =34 1+2'52 —345
—omammEoa i) Tl T ) T oA

9
. =~ Ash = —(1. 2ysh
o 06t 3 As (1.30 m?)$

4f1 u? 4 x0.01 x75 u? u?
h=—+15)—=|———+15)—=61.5—
( da " ) 2 ( 005 T ) 22 2
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= (0.565 m!/2. s_l> B2 and Q= (0.00111 m%/2. s—l) p1/2

* 130 2.60
— = 1—xY%) =1200
1m 0.0011151/2 0.00111 ( x ) s

whence x =0.238 m

=

9
S Ah=0.762m . Azp = 3 x 0.762 m = 0.2017 m

7.22 0.6 m

‘ A= nr*
\ / ={0.45+ (h—1.5)
—=mT== 0.15,2 5
1.5 m X 1.5 } m
2 2
pim) =7 (0.3 + O.lh) m
0.45 m 1.5m

b b2 (0.3 + 0.1h)*
tz—/ Zidh:/ 2(03—2—0) ﬂh—l/Zd/o
b, au by d%/4 2gd

L ~12 12 32
= il @A7 (0.09h +0.06h"/~ +0.015°/%) db

_ A |4l
 d?\ 2gd

4 [4f1
= — |5 x 0.2027 =
72\ 2gq % 0-2027 = 6005

1/5
42 % 4 x 0.008 x 36 x 0.20272
o.d= m
19.62 x 6002

2.8
[0'18’”1/2 +0.04h°/% + 0.004175/2]1 )

= 0.0404 m, say 40 mm

7.23 361
Initially » = 0.017m"-s =3.848m-s!
(r/4)(0.075 m)2
u® 4 x0.01 x3 u?
1.5mah =— 10+ ") =2.6—
mEh=a, ( 0075 ) 2g
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whence /1 = 0.462 m (depth in tank)

b 1.75 \?
== (425+—=h 2
A ) ( S+ 13 > m

When O = 0.034 m3 -5, (0.034 m3. s—l) dt = Adb + au dt

12
thatis, dr [0.034—%(0.075)2{%'65“7)} }

T 7 \? .
=7 425+ gh dh [metre, second units]

e (4.25 + (7/6)h)*dh
" 4 Joae2 0.034 — 0.01214(1.5 + h)1/2

ot seconds

An analytical solution is possible. Put denominator = x,

0.034 — x
DX 154k
then ( 0.01214 ) S+

—2(0.034 — x)
0.012142

2
T 2 0.01298 7 0.034 — x 2
Thent= -2~ 425+ L1227 XY s
cn 40.012142 /0.017 *% ( 0.01214 )

x (0.034 — x) d—x
x

and dh = dx

0.017

2 2
= 1.067 x 104/ (11.66 —539x + 7921x )
0.01298
0.034
« ( _ 1) dx
X
0.017
=1.067 x 104/ (4'62 — 563 +2.870 x 10*x
0.01298 X

— 7.65 x 105x% +1.067 x 107x3 — 6.27 x 1o7x4) dx

=1.067 x 10* [4.62 Inx — 563x + 1.435 x 10*x?

0.017

— 2.55 x 10°x3 4+ 2.667 x 105x* — 1.255 x 107x5]
0.01298

= 1626 s (This depends on relatively small differences.)
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7.24

At any time, head required

32f10?

wlgd’

=h+hi=h+

500 x 103

= 1000 x 9.81 ™ =307 m

n2gd’

5. Q% = (50.97 m — h)

32f1
= (50.97 m — ©)2.955 x 107 m® .s72
Also Q = Adbh/dt

B /5'5m 5dh10° _ 5000
~ Jom V2.955(50.97—h /2955

104
= s (¢47.77 - «/45.47) s=980s

[2(50.97 - h)”z]jj s

Power required = 1QQg(b + hy) = 1Q(SOO kPa)
n n

o1
.. Electricity used in time 8¢ is —Q(500 kPa)st
n

.. Total used = %(500 kPa) f Qdt

1
= —(500 kPa)(Volume transferred)
n

1 5.75 x 106
= 500x10° x5 x23N-m=22""" [w.s
0.52 0.52 x 103
5.75 x 103
= 227 kW-h=3.072kW-h
0.52 x 3600
7.25 32F102
At any instant, head required = h + by = h + #
w2gdd
300 x 103
= 1000 x 9.81 "= 3098 m

nzgds

02 _
. 0" =(30.58 m—h) 3271

49
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Also QO = Adh/dt

e f5.6m Adb 32f]

0T Lom w(30.58 — )12\ gd?
_ A 3211 12156
= —;‘/g? [2(30.58 —h) ]3.0

2A [32f1
== —f(27.581/2 —24.981/2)
gd®
24 [32f1 12 32 x 0.007 x 35
AP === (221202537 \/ 0.2537
. 7t\ g % 15 x 607 9.81

—9.624 x 10~ [m5/2]

d £ 0.0621 m thatis, d > 62.1 mm

7.26 Final difference of levels = (40 — 2 x 15) mm = 10 mm

A( dm):Q:A@

T dr dt
dh d _dy O 2gnd*h
T T e iy S Y T
64vIA /0-01m dh  64vIA
= o2 g
gmd* Jooam P gnd*

_ ogrd't _ 840 x 9.81 x 10712 x 478
~ 64IAIn4 64 % 0.4 x 1(0.02)2 In4

(2]

=1.110 mPa-s

727 Ap* = (7 x 10° — 4.62 x 10°) Pa — 1000 kg - m >

x 9.81 N-kg ™! (30sin45°) m = 29900 Pa

R dp* 29900 Pa
0= = 0.0125 m(——30 - )
=(—)12.46 Pa
r dp* 29900 Pa
= e 0.005 m(——30 - >

= (—)4.98 Pa



7.28

1 —p2) 7R? — F = Rate of increase of momentum

R
= / o2rnr dru* — owRZV?
0

R 2\?
rl1- =] dr—onR?>V?

= 27TQ4V2/ R

0
4 1
= §nQRZVZ — o7R?V? = §nkzgvz

. F=aR*(p1 —p2 —0V?/3)

Chapter 7
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8.1 * 1 1 1
u . n
— = —— Jdn= 1—sin—)dnp = — —
8 /0 ( um) ! fo ( o ) " [77-1- o ]o
2
=1-—=0.3634
s
fl u 1 u J /‘1< N ,27T77>d
—_ = N —_— = m— —Simm —
1) 0 Um Um 7 0 s 2 s 2 g
2 1 !
= [——cos% — g + 2—sinnr/i|0 =—=+ —= 0.1366

8.2  From Blasius’s solution, 8§ = 4.91x/(Rey)'/?

6m-s~!x24m
T 149 %106 m2 .51
N 491 x2.4m
©(9.66 x 105)1/2
=0.01199 m

70 = 0.332 ou? (Rey2) ™Y/ [Table 8.1]

Rey =9.66 x 10°

—1/2
9.66 x 105) Y

2
—0.332x 121 kg-m™3 x (6m-s*1) ( .

= 0.0208 Pa

Total drag on one side = 0.9 m x 0.664 x 1.21 kg-m™> x (6 m-s™1)?
o 2.4 m

(9.66 x 105)1/2

. Power =2 x0.0636 N x6m-s~ ! =0.763 W

=0.0636 N

For turbulent layer

0.074
Cr=0.074Re) VP = ———~  —0.0470
F (Rep) (9.66)1/5 x 10
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1
. Power =2 x zgurzn(Area)CFum

=121kg- m 36 m-s~1)32.4 m x 0.9 m)0.00470
=2.654'W

8.3  Since U = constant, eqn 8.9 gives
d 8 9 1
= @—/ (U —wudy = @Uz—é‘/ 7 (1= n"7)dn
0x 0 ox 0

[where n = y/8]

= QUZ%S [gnw _ 5'79/7}: _ 7_72QU2dd_fc
— 0023002 (%)1/4

g 71261/‘%15 =0.023 (%)1/4 dx

. 712 X %85/4 + const = 0.023 (%)1/4 x

but const. =0 since §=0 when x=0

2 8=03773x" /)P
x 7
Total drag = Zb/ 10 dx = 2b x —oU?s
0 72
7
= %bQU20.3773x4/5(V/U)1/5
7
= 3¢0-8 m(1000 kg-m™3)3 m-s71)?

1/5
1076 m? . s_l) /

x 0.3773(2.5 m)*
3m-s—!

=55.69N
Power = 55.69 N x3m-s ! =167.1W

4 10.5m-s1
84 (@) g, 105mes X3m 06 Rep = 5 x 109
15 x 1076 m2 . s—1
L xl=5/21
Xt — X0 36.9
- —0.269 8.29
P, (5 x 105)3/8 [eqn 8.29]

. xo/x¢ = 0.731
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8.5

8.6

X0  XQ Xt 5
. —=——=0.731x — =0.1740
I~ x| 21

0.074

= sl - 4/5 _
= G 106151~ 0174177 = 0.003454

F

1
. Drag = Zgufn(Area)0.003454

10. .
(b) Re; = 10.5 0.3 =2.1x10° . Wholly laminar
15 x 10-6
26 ~1/2
Cr= = = 1.328(Re)) [Table 8.1]
X
= 0.00290
0.003454
- Ratio = —— "1 —1,192
- R0 = 56790 ?
160 x 10° S _ g4 4
Um = 3600 m-S = . m-S
44.44 x 110 x 1.22
- Re = =3.332 x 108
é 1.79 x 103 x

If transition occurs at Re = § x 10°, length of laminar layer

. 5$x10°
"~ 3.332 x 108

.. Assume layer turbulent throughout.

0.455
From eqn 8.26, CF = W = 0.001808

x 110 m = 0.165 m

1
Power = 110 m x 8.25 m x 3 X 1.22 kg-m™3

x (44.44 m-s~120.001808 x 44.44 m-s~!
= 87.9 kW

Increase

ino Turb- At transition Rey,

29m-s ! x0.5m

- = 6 2.1
” 14.5 x 10~ m= - s
L =10°
Xt
=0.5m 0.664 x 0.5 m

3m (O)lam =

\ 4

(106)1/2
= 0.332 mm
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Chapter 8

So for turbulent layer with virtual origin at x = x¢

1.15x0.332x 10 m = 0.037(x¢ — x0)
{U(x¢ — x0)/v}1/3

~0.037(x¢ — x0)4/5xt1/5
B (Uxe/v)1/°

5/4
106/5 % 1.15 x 0.332 x 103 m |/

0.037(0.5 m)1/5

whence x; —x¢ = !

=0.1237 m
. x0=0.3763 m
Atx=3m 6= 0.037C —0.3763) m = 0.004397 m
{29(3 — 0.3763)/14.5 x 10-6}1/5
Cp = Drag/width _ QUzetrailing edge _ 20 e,
10U2 x length  1oU? x length  length
2 .004
_ 2x0.004397m _ ) 10593
3m
If main-stream velocity remained unchanged,
1. i
Rey = 280130 551 w108
1.21 x 10—
.. Laminar boundary layer
1.721 1
o o 17210150 m g eg 1) = 0.546 mm
(2.231 x 105172
: b? 1 252
Outlet VClOClty = M]m =1.8m-s m
=1.968 m-s!

1
Pressure drop = 51000 kg -m™3(1.968% — 1.8%) m* .52

—317.2Pa
R 22%0003
15 x 106
© x 0.003 m 19.7
33: 22 2 _0198(1- ——) - w=1445H
Ban 833 ( 4400) ¢ ‘
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8.9 p=const —%Q(ZU sin@)? if boundary layer thin.
If separation occurs at § = ¢, total component of pressure drag where
boundary layer is attached

¢
=2 / (const — 20U? sin®6)rd6 cos 6 per unit length
0

¢
=2r [c sinf — 2QU2% sin® 9}
0

2
=2r |:C sin¢g — gQ U? sin® ¢>:|
p at separation = C — 2pU? sin” ¢
.. Drag divided by length, due to pressure in wake
=-2r(C—-2p U? sin® @) sin ¢

.. Net pressure drag/length
2.3 4 03 8 5 .3
=4roU”sin” ¢ — gTQU sin“¢ = §1’QU sin” ¢

8 2 i3
roU*sin¢ 8 4 )
Cp=3"—"""="sinp=124 - sing=0.7747
s0U2 x2r 3
. ¢ =50.78° or 129.22°
But separation occurs only where pressure gradient adverse.

. ¢ =129.2°, skin friction neglected.

810 uy = 2Usin >
r

Atx=x;, 6%= 0-45v / sin’ —dx
2U sin® (x1/r) Jo

2
0-45vr / 1 — cos g—c) d <COS f)
2Usm (x1/r) Jo r r

_ —0.450r [ x sx 1 Sx]xl
cos———cos — + —cos” —
" 2Usin® (x1/7) r r 5 1o
_ 0.45vr
2U sin® (x1/7)

N x1 1 5 X1
15 r 3 r S r

|:8 x1 2
= _cos L4 Zcodt m Zcos’ L
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L o 07 dun
v dx
0.45 8 2 1
= + |:——cosx—1+—cos3ﬂ——coss x—l:l
2U sin (x1/7) 15 r 3 r S r
2 X1

x —U cos —
r r
which is satisfied by A = —0.09 and L =103.1°
r
60 x 0.150

‘T 15x10-6
(a) From Fig. 8.14, Cp = 0.08

8.11 =6x 105

1
.. Drag = 3 x 1.21 kg-m’3(60 m-sfl)Z%(OJS m)ZO.OS
=3.08N

(b) From Fig. 8.14, Cp = 1.10

1
- Drag = 5 x 121 x 602%0.152 x 110N = 42.0 N

8.12 Drag=90x9.81 Nwhenu=6m-s!
Assume Cp = 1.32. Then

1
90 x 9.81N = = x 1.22kg-m (6 m-s~)? x 1.32 x %dz
5. d=623m

6% 623

Check: Re= ————"_ exceeds 103
15 x 10-6

1/3
813 (4Re/3Cp)'? = ur {0 /gn(ao)|
2
=10m-s! {(1.21 kg.m—3) /(9.81 N kg™

1/3
x18.0 x 1076 N-s-m~2 x 2798.79 kg-m—3) }
— 1436

.. From Fig. 8.15, Re = 1148

1148 x 18 x 107 N-s - m~2

d= =1.708
10m-s=1 x 1.21 kg - m—3 mm
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8.14

8.15

1/3 1/3
For water {%CD(RE)Z} =d IQ(AQ)g/MZ] !

1000 kg - m™3 x 1800 kg - m~3 x 9.81 N - kg™

=0.001708 m [

=44.48
. From Fig. 8.15, Re =443
443 x 103 N-s-m™2

= =02 g1
“T = 5001708 m x 1000 kg .m=3 — 0220 M
01 3.1
EZ—OOSSm S —2355m.s7!
(7/4)(0.1 m)2
19.62m-s2 x 1.89 0.1
f= mes X 7 MX T 0.00668
4x25mx(2.355m-s—1)2
2.355m-s71 x 0.1
Re = Mm-S XU M 1963 x10°
1.2x 1076 m2.s—1
Eqn 8.56:
1.26

(10-3 N -s-m—2)2

(0.00668)"1/2 = —410g{
whence k/d = 0.002955

R
(um — @) TR?* = / (um — u)2mrdr
0

12 0
=-27A (T—O) / (ln g) (R —y)dy [from eqn 8.50]
R

e

renn(5) ()

" um — 7 = 3.75a(f/2)'/?

ot =70 [1 n 3.75(f/2)1/2} —2.866m -5

1 1
70 = EQEZ}( = 5 % 1000 kg-m™3(2.355 m-s~1)%0.00668
= 18.54 Pa
he  1000kg-m™3 50x 1073 m
- =0.07143
I = 07kg-m>3 1000 m
1/2
W T o (2ghd
Q=gdu=2d ( 4f1

1/2
_ 7 g (28 12y _
= 2d (41) [410g10(Ref ) 0.4]

3.71d + 1.963 x 105(0.00668)1/2

1/3
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T 572 ghs 1z 2
=Za (2_1) {Zloglo(Re f)—0.4}

12 3
_ T s (& 2gd°hi |
=74 (21) {ZIOglo( war | 70

1/2
T 025 w2 (9.81 m-320.07l43> /
-0,

2

9.81 x 0.253 x 0.07143
X {loglo ( ~ . ) - 0.2}

2 x 182 x 10-12

=0.204 m? . 57!
Ap* h
To = Tpé = g% =0.7kg-m > x9.81 N-kg™!

1
x 0.07143 x 16 m

= 0.03066 Pa
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. a ad . .
o1 ou + Yoo . Continuity is satisfied
ax  Jy
a a
But & — 2% # 0 . Flow is not irrotational
ax  Jy

9.2 Only (a) and (e) satisfy eqn 9.9

9.3 oy ¢
y ax
0 0
U=—w=1+4x:——¢ .',¢=—y—4xy+f(x)
ox ay
.. ¢= —y — 4xy + const.
ov  Ju . .
=———=4—-4=0 . Flow irrotational
ox 0y

At (1,-2) @Z=u?*+1?=(64+25m? s> =89m? s2
1
oDy = <48OO +5 x 112 x 89) Pa
At (9,6) ¢ =u?+1v*=(576+1369) m?> s> =1945m? s>

1 1
PF =P — —og? = {4800 + 5 x 1.12(89 - 1945)} Pa

2
= 3761 Pa
94 0 _ A_ 1w W _ _
ST T Ty T Trae e~ AMdY =A0H®
_ 0 g,
gt = 789_0_81’ Y =10

.. ¥ = A0 + const.



9.7

37 /2
95 o (15242 P25 m g = 27’:2/'5 mos! =03m.s!
1
Along radial streamlines p* + ~ogq? = constant
8p* 3Qr _ m
or T T qu( 2nr2>
3m/2
_ -3 -1 2 =2
=28.8Pa-m™!
' 3m/2 _ _
Acceleration = qraq -0.3 7/ 5 m-s 2~ _0.036m-s 2
272.5
9.6 dh 2 dh  C?
=— and wr=constant=C . — =—
dr  gr dr  gr’
c? /fz dr C*|1 1
SAh = — —=—|=-=
g§Jnw v 28| 1
2 2 d,
Q:/ sudr:sC/ —r=sCln(7—2>
7 rn T 4]

2g(Ab)r3r3 12 o 2g(Ah) 12 rz
=S — 3 2 In(=)= Sr172 > In{ =
=1 4] r

271"

1/2

2g(Ab) <

r+s/2
r—s/2>

2

' 172 2r+s
= (r 3 ) (sgAb/r)“In <2r s)

ap*/dr = gw?*r. Here w = const.,

1
L pt= Zszrz + const.

At free surfacep =0 .. ogz = %szrz +C

(which is eqn of paraboloid)

"

Chapter 9
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22
Takez =0 atvertex. ThenC=0 . z= a)z_
8
R 2 2R4
Volume of air = /nrzdz = / J'rrzw—Zr dr = o
0 2g 4g

150 mm
= R?
i ( 3 )

5 4g(0.05 m)
0=
R2
(0.2 x9.81)1/2

1 — o1
0.05 rad-s 28.01rad-s

W

. 1
9.8  Pressure at circumference = ZQG)ZRZ

1 -3 —1)?
_5900kg~m <2nx15rad-s )

x (0.125 m)?
= 62.5 kPa

1
Force on elemental annulus = zszrz x 2mr dr

R
.. Total force = szn/ 7 dr = ow?nR* /4
0

- {900(27( x 15)271(0.125)4/4} N=1533N

1 1 qf
9.9 In forced vortex p, — p1 = zQa)z (r5—1) = Eg(iz_l (r3—1%)
1

1 1 75
In free vortex py — p1 = ~0(q7 —q3) = 5047 [ 1 - _2)
2 < > 2 q%

1 5 r%
-5 (1)

If p» — p1 for forced vortex = 2(pp — p1 for free vortex) and g is
same for both,

7% - r% ’% 4 22 4
then >— = 211 - > whence 75 — 3r{r; +2r7 =0
" 5)
37% + ,/97‘1‘ — 87‘1‘
2 2 2
Ly = =2r] or 1]

2

Reject 1’% = 2 because then py — p1 = 0. . 72 =r1V/2



9.10

9.11

9.12

1
For forced vortex ¢ =wr and p] —pj = 0w 22

1
For free vortex gr=C and p* =K — —pg*

2
At interface ¢ = C/R = wR -.C=wR?
1 1
p*=K—500°R* = J00R* + pj o K= p§+eo’R?
At r=00,q=0 oo pee =K
Poe — 1%

*. Difference in surface levels = = w’R*/g

08
1 1 1
In forced vortex p* = zngrz = zng = 51000 x 6% Pa

=18 kPa where g=6m-s!

For free vortex gr=C = wR?* = (307r rad- 571) (0.1 m)?

=0.37m?. s}

1 C?
*=D__ _
p 2972

At R=01m p?orced = P}kree

1 2
that is, 51000 kg - m~3 (307{ rad- 571> (0.1 m)?

_3(0.37 m?.s1)2

1
— D — ~1000kg-
2 &:m (0.1 m)2

whence D = 900072 Pa

-1

In free vortex g =6 m-s~' when

C 037 o

q 6 20

(0.37)%

Then p* = {900072 — —1000
(m/20)

= (900072 — 18 000)Pa
= 70.83 kPa

Ap* = (70.83 — 18) kPa = 52.83 kPa

For forced vortex w =8 x 2w rad-s~1 = 50.27 rad - s~!

1
and p= Zga)zrz +A. Let p=0whenr=0.

A=0.

Chapter 9
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Total force on top of drum caused by forced vortex

0.15m 1 T
= / 0w 2rrdr = = 00?(0.15 m)*
, 2 4

2
- %900 kg - m~3 (50.27rad : s*l) (0.15 m)* = 904 N

For free vortex ¢, =C and p=D — %qu

Atr = 015m, p = %Qw2(0.15 m)? and ¢ = w(0.15 m) as for
forced vortex

1 1
3 zch>2(0.15 m)> =D — zle(o.ls m)?

whence D = pw?(0.15 m)> = 900 x 50.27% x 0.15% Pa
=51.2 kPa

C=gqr=(50.27 x 0.15)0.15 m? - s~ ! =1.131 m? - s~

0.3m 1 CZ
.. Total force for free vortex = / D—-o— |2nrdr
0.15m 27

0.15m

(where Inry = integration constant)

51200
=27T|:

1
> (0.32 - 0.15%) — 2900 x 1.13121n2] N

= 8343 N
.. Grand total =904 N + 8343 N ~ 9250 N

0 36 26
9.13 Forasink vy = ——m .y = Sl m?-s7l Yy = 2 2l
2 2w T
1/3
L= — (—91 + 292) m2 ~S_l
T \2
1
qr = ——% = —“im-s_l for (1) when r=2m
r T

1
and — ——m-s! for (2) when r=2v2m
V2



9.14

1
ST 2C0S1350mls_1 cg =W +vH?
1 1 1
= —_— . _ ,1
2y s =1 29m-s
v= <_i_LCOS450)m-S_1 =0429m-s7"
47'[ 71\/5 °
5 at 360° — arctan 2.5
= —— m.571
4n =291.8°
By symmetry, stagnation point is on x-axis and at (s, 0) where
3 4 e 6 m
2rs 2m@2m-—s) 7

. . e 6
that is, stagnation point is at - m, 0

Rankine oval
Source at (b, 0),
sink at (b, 0), each of

U AY
—_—
0 0
(/2 » X

strength |m|.
m
Then ¢ = —UY + — (0, — 67)
2
m 2by
= _UY + E arctan m
.. Eqn of surface is: the above = 0
2nUY

For the point (0,Y) on line =0, 6, —0; =

= 7 — 261 by symmetry

aUY =« b . b
. —— = — —#1 = arctan v that is, Y= tan

m 2

)

Also (=X, 0) is stagnation point.

m m
0=U-s x5t mxh
hence 7 = X2 =P

whence ][U_ b

Max velocity, at (0, Y),is

m

m
U+ AL YD cos 0 + AT YD cos(m — 6)

_U+ m { b L b }
- 27T(b2+Y2)1/2 (b2+yz)1/2 (b2+yz)1/2

Chapter 9 65
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_U+ mb

B m(b% +Y?)

L X2=bHU (X2 4 Y?
=U+ b> +Y? =U Y2 4 b?

X% +Y? 2
Y2 4+ b?

1
.. Max pressure difference = EQUZ (

9.15 Eliminating 7 from the two simultaneous eqns in Problem 9.14 gives

by

y T

~<|

Then with X = 0.1 mand Y = 0.05 m, b = 0.0781 m (by trial)
.. Distance between source and sink = 2b = 156.2 mm

X2 — b2 0.12 - 0.07812
|m|=71U< ):n(3m-sl)—m

b 0.0781
=0.471m? s !
X2 4+ Y2
Y2 +b?

0.1%2 + 0.052
= (3m-s7) OO ) 4 36mes!
0.052 + 0.07812

Max velocity = U ( ) [as in Problem 9.14]

9.16  ymax = 0.05 = (metre, second units)

m
2x 15
om=15m>.s!

m 1.5

27U 2mx1s T 15.92 mm

Stagnation where 7 =

% 2UY
Eqn of surface is — UY — 27 ha is, 0 =n(1——
2r 2 m
y < 2JTUY> 2nUY
.= =tanf =tan |1 — = —tan
x m m
2nUY .
. x = —ycot = —ycot(20ry) (metre units)
When y =0.025 m, x = 0 thatis, 6 = %
. q¢=—Usinf = —15 m-s !
m 1.5 30
=Ucosf+-—=0+————m-s'="m-s!
Ir= oot = 0 o0 Y TS
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T, 1 -3 2, 307\ 5
Ap:zgq :le.ZSkgm 15 +? m--s < =194.5 Pa
917 m y—a y+a
. ¢=—Uy—g(91 + 67); tan@lzT; tan6; =
B (L V3 R Y2 B
: )= 1= (2 —a2) /x> 2y ya?
m 2xy
. ¥y=—-Uy——arctan | ———
) y— 5 arctan (xz—y2+a2)

-1
2,2
ox 2 (x2 —y2 +a?)

5 (x? —y? +a%) 2y — 4x?y
(x2 =92+ az)2
m 2y (a* — x> —?)
27 (x2 — y2 + az)Z 1 4x2y2

=0 when (1)) y=0 or (ii)512=962+y2

oY m 4x?y? }1
u=—-——=U+_—{1+—"7"7"7
dy 2m (x2 —y2 +a?)
(x2 — y* + a?) 2x + 4xy?
X
(x2 =32 +a2)’
m 2x (x2 +y2 + az)

27 (22 —y2 4 a2)2 + 4x2y2

mx

Forcase (i): u=U+ ——~
) 7 (x2 + a?)

=0 when #Ux?+mx+nUa*>=0

[ 2
that is, when x = —%(‘_H 4:; 7 a2

For case (ii): u=U+ % =0 when x= —% and
2
yzzaz—# which is < 0

.. Impossible
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.. Reject case(ii)

Stagnation point is at " m? a%,0
g p U 4202 5

At stagnation point y=0 and 6;+6, =27 . ¥ =-m

.. Eqn of contouris Uy —m = —zﬂ(@l +6;)
i
m

m
h = =m—- — hat i =+
When x=0, Uy=m o (w or 3m) thatis, y Xii

-1
2
Thenu=U and v= 2" (1) (az_m_>

2 U 402
. 2Um?
—*z (4U2a* — m?)
1/2
SPTS P, ) /
1= w2 (m? — 4U%a?)2
9.18 3rn/2
: F (divided by depth) = / —pacosf df and
/2

1 1
p— Do = zQ(UZ —qH = EQUZ(l — 4sin? 0)

1 3r/2
. F, = —QUZa/ (4sin®6 — 1) cos6 do
2 /2

1 4 37/2 1
= —QUZCZ —sin’6 —sin® = ——,QUZCZ
2 3 )2 3

1 2
. Total [Fy| = 5 x 1000 kg m~ (1.2m.s—1) 0.9m x 3m

=1296 N

9.19 Mass of cylinder
— 7800 kg - m~> [%(0.32 —0.288%)4 + 2%0.2882 x 0.006} m3

Added mass = 1000 kg - m—3 (%0.32 X 4) m> = 907 kg

.. Ratio
_ 7800 {m x0.588 x 0.012 + 7 x 0.2882 x 0.003} + 907
B 7800 {7 x 0.588 x 0.012 + 7 x 0.2882 x 0.003}
=2.580
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920 . V3 r . V3
=— =—— - |Lift| = —4
sin 6 2 47mU"|lt| QU2 malU
3/2)4maU?
C zwzznﬁ
EQUZZQ

9.21

Propulsive force (SE)/
14m-s™ Length of cylinder

=oUTI'cos¢ = oI’ (14 m-sfl)

80 x 103 N
2x9m

xTx14m-s!

=1.225 kg-m*

L I=2592m”.s7!

But T = 0.5 x 277 X wr = n7r*w

259.2
wo="""rad-s7! =36.67rad-s™" (clockwise)
w1.52
r 259.2

sinf =

4raU ~ 471.5,/142 + 62

whence 6 = 90° +25.49°
¢ = arctan6/14 = 23.20°
Propulsion line comes from 45° —23.20° = 21.8°W of N.

.. Stagnation points are 3.69° E of N and 47.29° W of N.
Max pressure at stagnation point. Min pressure at max velocity,
which occurs at (r = a, 6 = 37/2).

2 T
=57.96m-s!

. 3m r 259.2 _
(qt),=a=—2Usm—+E=<2 142 + 62 + 3 )m-s1

1 1 2
Pressure difference = quz =3 X 1.225kg - m™3 (57.96m . s*1>

= 2058 Pa
9.22  Flow pattern is same as right-hand half of that formed by sources at
(—a, 0) and (a, 0)
. . m Y _
LY =—5=(01+02); tanb = _——; tan6, =
27 x+a x—a
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70

L tan (01 + 6) =

y/ c+al+ly/x—a] _ 2xy

1-y2/ (x2 — &)

X2 —y2 g2

m 2xy
. "ﬁ: —Zarctanxz_y—z_az
r 6
9.23 Irrotational vortex + sink: ¥ = —In Rt
2r  rg 2w
qe = Iy oo T =2nrqe = 27(1.2 m)(20 sin 70°m~s*1)
Tr
= 487 sin 70° m? - s~
487 sin 70° 80
. Inner gy = % 5Tl = 3 sin70° m s~
m o2 —1
qr = 54 om=—-2nrqr = —271.2 x 20cos 70° m“ - s
Tr
= —487 cos70°m? -s~!
48 70°
.. Inner g, = % sl = cos70°m-s!
80
S.q= (qt + qr)l/z = ?m.s_l
1 5[ (80 2|l 2 2
.. Pressure drop = 5 X 1000 kg - m 3 —20°tm”-s
= 155.6 kPa
1 102 7°
924 -oUS=Tcos7° - Cp= - cos
2 1% 1.23x13.52 x 1.8 x 0.9
=0.558
102sin 7°
Cp = - = = 0.0685
7 x1.23x13.52x 1.8 x0.9
9.25 ¢ = 32.8 =0.790
1 %123 x 302 x 0.75 x 0.1
1.68
Cp = = 0.0405
same
0.790?
AR=75 Cp= = 0.02650

.. Cpoo = 0.0405 — 0.0265 = 0.0140



0.790

Effective « is less nominal by arctan =1.92°
7.5

.. Effective a = 5.08°

For R =35, reduction of « isarctan 0.790 =2.88°

.. Corresponding nominal « = 5.08° + 2.88° = 7.96°
Co— 0.790 cos 2.88°
L= T 0s1.92°

0.7902
T

= 0.790;

Cp = 0.0140 + =0.0537
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10.1 [f— tem—— x 06
/

| 0.6m 0.9

Sx=04m
0.9 m 0.6 m
J_ y y=+v0.4>+0.62m
_4 |_ 1 —J052m
0.6 m

A=1{(0.6+2 x 0.4) +0.6}0.6 m* = 0.6 m*
P=0.6m+2y=2.042m
m=AP=0.2938m

/ 1
_ 12 1 /9o ——__o. -1
u=60m S 0.2938 m2600 0.638m-s

0=0.638m-s"! x0.6m>=0.3827 m>.s7!

02 gm0 (7 ()

01 A]M%/S,il/z A P,

5 o \S/3
2.5 x0.5+0.5“tan 30
2.5 x0.35 +0.352tan 30°

0y =124m? 57! (

5 (2.5 + 2 x 0.35 cosec 60°

2/3
=2216m* 57!
2.5+ 2 x 0.5 cosec 60° ) mees

103, 0018, A=(1m) {“ (11—?)}

2
P:b+2‘l12+<%> m:b—f—%mm
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2/3
2.8 b+ 1 1 \"?
Eqn 10.9 : - L5 ( ) 0.018,
d b+ (b n %\/_13> 7000

whence (by trial) b = 4.456 m

10.4 2
n = 0.015. For trapezium my,x = é = M
2 b+2x2h/V3

0.3[m?-s7!]= bh+ﬁ <é>2/3 (L)m 0.015
s = 73 \2 1800 '
2h2 h2 b 2/3 1 1/2
= <f+ﬁ> (z) (_180()) /0.015

~h=0520m and b6 =0.601m

a .
p=2 22 . 9—66.42°
CST=TT05
. BT 20 =132.84°

12360 — 13284
360

+0.2 x 0.5sin 0 m?

10.5

=0.587 m?

227.16

=1.982 m=0.2962
360 982m . .m=0.2962m

Perimeter = (1 m)

0.325
“=0s587 "

K=482m!'3.¢1

1 a3 1 12

4.5 1

36x10 —s00

When conduit is full i =
m=d/4=025m
0=Z0m?x482m'.s71(0.25 my>? 1)\

4 800
=0.532m? -s!
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10.6

10.7

1
3 -1_Tpn 172 —1 d.
Full: 0.13m’-s =Zd (58 m'/“.s7) 7 (1)
1207 , d . _.d
Atdepthd/4 A_%Zd —ESH]6O Z
=0.1535d>
120
P= %nd =1.047d . m=0.1466d
2 0.6m-s7' = (58 m!/?.s71H)V0.1466di (2)
0.13 nd?
Divide eqn (1) by eqn (2): — m?2 = ——
q()yq()0.6 84/0.1466

Whence d = 0.460 m
Then, from eqn (2), i = 0.001588

‘ Max. Q requires max
v Am2/3 — A5/3/P2/3

1 0 0
A= =r*0 + rsin Ercos (n — —)

2 2
=7 g—singcosg
N 2 2 2
- sin0)
=3 sin

P=10
Max (6 — sin6)*/3 /%3 requires

02330 —sin0)*3(1 — cos#) — (0 —sin0)°*36713 =0
i.e. either

0 = sin @ [which corresponds to minimum at 6 = 0]

or 30 — 56 cos + 2sinf = 0, whence (by trial)
0 = 5.278 [in radian measure]
=302.4°
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Then A = (+2/2){5.278 — (—0.844)} = 3.061+> and
P=5278r

061 2/3 1
28m° .51 =3.061280 m'/3 .57 (3 06 7)

5278 ) 102
whence » = 1.205 m

s.d=241m

2

A=bbh+h*/V3 A= (1 x 0.5 + %) m? = 0.644 m?;

10.8

0.652
V3

s 1=1.319m-s!

Ay = (1 x 0.65 + ) m? = 0.894 m?

_ 085
T 0.644

By continuity, Aju1 = Ayuy + (Ay — Aq)c

uy

.0.85m3 571 = (0.894 m®)u, + (0.250 m?)c

Momentum eqn: gA1Xx1 — 0gA2x) = (u1 + ¢)A10(my — uq)

where ¥ = depth of centroid
that is, A%(Aﬁl — Axx2) = (u1 + o) (g — uy)
Al — A
A
b b bh* b

b
Afzbbx—+—x—:_+_
2 V3 3 2 343

1x0.52 0.5
AR = ( x + >m3 =0.1491 m>;

= (1 +0)*

2 3J3

1x0.652 0.653
Arxy) = + m> =0.2641 m?3
22 ( 2 3\/§>
9.81 0.894
2 2 =2
. = 22" (02641 — 0.1491)———2* .
St 0.644 (0.26 0-149 )0.894 —0.644 mes

—6.27m%.s72

c=(W627-1319 m-s ' =1.185 m s !

0> =(0.85-0.250 x 1.185) m® - s ! = 0.554 m> .s~!
Surface width = 1 m + 2h cot 60°

By=1577m; By=175lm
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Fri=—2 _ _ 1.319 — 0.659
JeA1/B; /981 x 0.644/1.577

s 0.554 [ 1.751
2T A, B,  0.894\ 9.81 x 0.894

2

b—i—;—:l.Sm and 12m?-s7!' =u3 m)h
g

10.9

1 (4\?
whence b + — (—) = 1.8 in metre, second units
2¢ \ b

b3 —18h*+0.815=0 - h=1.027m or 1.357 m

u 4
Fr=— = =1.226 or 0.808
veh  veh?

he = (qz/g)l/3 For critical flow /gh. = m?3i112 1

4/3
_mghe _ o (b2 e (b !
P VERR L Y = T A3 PAE +

0.0142(9.81 x 4)2/3 (3 x 9.811/3

4/3
3473 275 + 2) = 0.00394

10.10  For parabola x> = 4ay. Area = /

y y
2x dy = 4a'/? / y1/2 dy
0 0

= 841/2y3/2
B=2x=44"%y!/> - A/B= %y
Soue =+/gA/B = vV %ghc
u? u? 2gh 4 3
E=h+—=bh+-=h+>=_bh. .. b.==E
g T et gy Thet 3, T3 =g

g
[273 [gE
S M=V 38 2

10.11 For min upstream depth, flow between piers is critical.

1/3 1/3

2 2

Ezi 7 :i —450 m=4.81m
2\ g 21252 x9.81

0? 450%(m?) , 11.47(m3)
2h22e ' 302 x19.6202 52
1P128 627 1

=h +

whence b1 =4.15m



Chapter 10

10.12  Wave stops when flow is critical, that is, when O*B = gA3

10.13

10.14

A =bh+h*cot60° = (1x0.15+0.152/+/3) m> =0.1630 m>

B=b+2hcot60° = (1+0.3//3) m =1.173m
2

P:b+2hcosec60°=<l+0.3x—)m =1.346 m
V3

A
Som= i =0.1211m

A
% = ug = (Km?*/3i1/2)?
gA 9.81 x 0.1630 23 2

T Bm*3i . 1.173(0.1211)430.004
S K=754m!3.¢1

'K2

For uniform flow 79 = mogi = 0.1211 x 1000 x 9.81
x 0.004 Pa = 4.75 Pa

54
T35x038 "

.. From eqn 10.25

2 % 0.38 x 4.062
by = {—0.19+ \/0.192 il - } m = 0.956 m

uq s 1 =4.06m-s!

9.81

(hy — by)3 0.5763

A oSt =, 4x0.38 x 0.956

m=0.1315m

. Power dissipated = 5.4 m?-s~! x 1000 kg-m™3
x 9.81 N-kg™! x 0.1315 m

— 6970 W
. b1+ h; 7
For th —
or the jump > iy
2
175k = (8327 s,
9.81 x 2.5h%

whence b1 = 0.646 mand by = 1.615 m

Downstream of jump A = 2.5 x 1.615 m? = 4.04 m?
P=254+2x1.615 m=3573m
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som=0.75m

po 85 1y (0.705)%/3(0.002) /2
~4.04 B n

10.15 1(q\* 1 (q\
nt g () =225 (50)

2 172 19.62\ /2
whence g = h1h; (ﬁ) =6x1.2 (—) m?-s!

whence n = 0.0168

0=6mx11.89m?.s 1 =713 m3.s71
Critical depth = (¢%?/)'/3 = (11.892/9.81)!/3 m =2.433 m
Downstream depth > critical .-, Jump must have occurred.
Steady-flow momentum eqn:

11000 kg-m™ x 9.81 N- kg™ ' (1.22 = 3.1%) m? — F
=1000 kg-m~3(11.89 m?-s71)? (3% - %) m~!

whence F = force on blocks divided by width = 32080 N-m™!
.. Total force = 6 x 32080 N = 192.5 kN

1016 hy=(1.2-02)m=1.0m; hy=085m; w3 =—I

1.2 m
g
"= 085m
2 2
q q
04— T g5y T
S I 19.62 t085x19.62

[metre, second units]

whence g =2.066 m?>-s~! and Q=5.58m3.s7!

10.17 25%x0.9 o1 \Y? .
= 0.015m-s
“ <2.5 T2 x 0.9) <1200) / mes

=1.250m-s!

g=1250x0.9m? s!

3/2
1.250%
=1.705 m'/?.s71 (0.9 —y+ 50 ) m3/?

19.62

whence y=0.222m
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10.18 . . 1 o \’
h .
(a) With metre, second units 0.6 + o6 (1.2 o 0.6)
1 0 2
=056+ 1562 <0.6 x O.56>
whence O = 0.337 m3 571
1 o \* 3
b —02+ —— =—h
&b =02+ 755 (1.2h1) 272
1/3
0.3372
— (213 = _
where by = (g7 /g)"° = <0.62 x9.81> m=0.318 m
whence b1 = 0.6674 m
.. Increase = 0.0674 m = 67.4 mm
10.19 0.140 \* 1
E=0.43 = 0.441
m <0.7 » o.43> 1962 ™ m

<. Critical depth = £ x 0.441m = 0.294 m

02 1/3
Since for rectangular section, he = | — ,
b’g
1/2
2
b:(Q ) =0.2804 m

.. Flow in throat of flume is critical and depth there = 0.294 m

0\ 1 0.002039 m?
E=0441m=h3+(—~—) —=h3+——
M= <b3h3 26 7 b3
ie. /og — 0.441/7% +0.002039 =0 [metre units]
But » = 0.43 m must fit this eqn also.
. h —0.43 is a factor of LHS.

(h —0.43)(h%> — 0.011h — 0.00474) = 0

whence b3 = (0.0055 + \/0.00552 +0.00474) m = 0.0746 m
1ogh1bihy — Yoghsbshs — F = 0Q(uz — uy)

1 1
_ 2 - -
=00 (193173 b1h1>
2

CE— ohe — by 1 801 Y O
S F=o0(h ha){ > (h1 + h3) b1h1h3}_305‘5N
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Metre, second units:

1/3
10.20 1.252
Near outlet b = (¢%/g)!/° = (m m=0.414 m

h Averageh A

P m u  utjgh 1—u?/gh ix10% (G—s10% didb Ab Al

0.414-0.526 0.470 0.705
0.526-0.638 0.582 0.873
0.638-0.750 0.694 1.041

2.440 0.2889 1.773 0.6818  0.3182 37.03 30.78 103.4 0.112  11.58
2.664 0.3277 1.432 0.3591  0.6409 20.42 14.17 452 0.112  50.6
2.888 0.3605 1.201 0.2118  0.7882 12.65 6.40 1232 0.112 138.0

200.18

i = uPn?/m*3

Add about 3.5(¢%/g)!/3 = 1.45 m; Total = (200.18 + 1.45) m
=201.63 m, say 202 m

280
10.21 1=~y m?-s~!' =5.6m?-s™'.  For uniform flow downstream
5.6 h¥30.0004'
—_—=— by =2.366
0.015 2 o
2.366 2.3662 2 x5.62
hi=1- =0.842
! 2 +/ 4 T 981x2366 " m
Metre, second units:
b Average b (=m) u=gq/h u*/gh—1 ix10* (—s)10* dl/db Ah Al
0.6-0.681 0.6405 8.74 11.17 311.5 307.5 363.1 0.081 29.41
0.681-0.762 0.7215 7.76 7.51 209.5 205.5 365.6 0.081 29.61
0.762-0.842 0.802 6.98 5.20 147.2 143.2 362.9 0.080 29.03
88.05 m
W2 Pnl
P2 T = 0
1022 ,_ & M An? 4r?
© T amn T2  m2T2 " gT? tanhmh

As first approximation, assume deep water .. tanh mbh =1
c.om=0.0497 m™!

Iteration then gives m = 0.0657 m~! - 1 =95.6m
Pressure is max under crest, that is, when

sinmx = 1, cosmx =0

Then (steady velocity)? = [c + Am cosh{m(h + 2)}]*



.. Pmax = %Q[Azm2 sinh?mh + 2]
—%Q[c + Am cosh{m(h + 2)})* — 0gz
= %QAZMZ sinh?mb — ocAmcosh{m(h + 2)}
—10A%m? cosh*(m(h + 2)} — 0gz

2.2 72

= QC am + cosh{m((h + 2)}

am
sinh mh
1,22 zCOSh {m(h +2)}
Taecam 5
sinh“mb
Neglect terms in @%. Then

oam

Pmax + 082 = & anhmhb cosh{m(bh + 2)}
sinh mh m
— oa cosh{m(h + 2)}
- e cosh mb
~_(Pmax coshmb
A < 0g +z) cosh{m(h + 2)}
145 x 103 cosh(0.0657 x 15)
<1025 x9.81 ) cosh(0.0657 x 1) ™= 06404 m

.. Height =24 =1.281m

1023 ¢=f1=255"1%0.0085m=0.2125m-s""

- (02125 m-s7H2 = (2”7 + gk) h@
or 2

_ ( 2wy
- \875kg-m—3 x 0.0085 m

+9.81 m-s~2 x 0.0085 m h 270.004
27 0.0085

whence y = 0.038 N-m~1!
Rate of energy transmission = %(1 + 2mb cosech 2mb)

0.2125 m-s~! 27 4770.004
_ A ms 4 cosech 2000
2 ( + 2550550004 cosee 0.0085)
=0.1096 m-s~!

3ym? + og 2mbh )

G loci c
roup velocity = 2 ym? +og  sinh2mh

ym*c

= —>—— +Rate of energy transmission
ym= +0g

Chapter 10 81
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. 0.038(27/0.0085)%0.2125 m.s=!
~0.038(27/0.0085)2 + 875 x 9.81

+0.1096 m-s~1 =0.2600 m -s~ 1

0.5
10.24 Assume Airy waves .. a = Tm =0.25m
a 025 1
= —— = K.
b 4 16 ©
2y gcT 2rh

A=cT .= ¥ h

c c.C <QCT+2n)tan T

As first approximation, assume tanh(2zh/cT) = 1

(deep water waves) and effect of y negligible.

Then ¢ = gT /27 = (9.81 x §5/27) m-s~! =7.807 m-s~!
A =7.807m-s7! x 55 =39.09 m > 0.017 m

..y indeed negligible

9.81 x5 2n4
Second approx. : ¢ = 22 X0 s ) tanh (22 m s
2w c5

1.6
= <7.807 m- s_l) tanh (Tn m- s_l)

By iteration ¢ = 5.589 m -s~!

A=5589m-s7! x55=27.95m. a/A < 0.01:OK.
m=2mw/h=0.2248 m~!

Cc

2mbh
For negligible y, ¢z = 3 (1 + %)
sinh 2m

5.589 ( 2 x0.2248 x 4) 1
= ——————|m-s

2 sinh 1.7984

=3.407m-s!
Energy/width for one wavelength
= 1200 =1(0.25 m)?(27.95 m)1000 kg-m~3 x 9.81 N - kg™
=8570J-m~!
4.5
. Total power = 8570 J-m~! x 5—m — 771 kW
S

Midway between crest and trough x = 0 or A/2.

At half still-water depth z = —2 m
A = —cacosechmh = —5.589 m-s7! x 0.25 m
x cosech(0.2248 x 4) = —1.363 m? -s™!
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(Absolute Velocity)2 = A?m? coshz{m(h + )} sin?{m(x — ct)}
+ A%2m? sinhz{m(/o +2)}
X COSZ{WL(.X —ct)}
= A%2m? sinh*{m(h +z)} in this case
.. |Absolute velocityl = Am sinh{m(h + z)}
= 1.363 x 0.22485inh(0.2248 x 2) m-s~!
=0.142m-s7!

(Steady Velocity)2 = A?m? sinhz{m(/o + 2)} cos? mx

+ [—c — Am cosh{m(h + z)} sin mx]*

. (Steady velocity at n = 0)> = A2m? sinh® mh + ¢

By Bernoulli for x = 0,
p=0+ %.Q(Azm2 sinh?mb + c2)
—SolA%m? sinh®(m(h + 2)} + ¢*] — 0gz
= %QAZWZZ[Sinhzmh — sinh?{m(b + 2)}] + 0g(—2)
= 11000 x 1.363% x 0.2248%[sinh?(0.2248 x 4)

—sinh?(0.2248 x 2)] + 1000 x 9.81 x 2 (Pa)
—19.66 kPa

A
Horizontal semi-axis = ‘— cosh{m(h + 2)}
c

 1.363

3389 cosh(0.2248 x 2) m = 0.2688 m

=0.1136 m

A
Vertical semi-axis = ‘— sinh{m(h + 2)}
c

10.25 Mean rate of energy transfer/width
= }Tcazgg(l + 2mb cosech 2mb) = %cazgg for deep water.

It remains constant as waves approach shore.
A
L2858 _ g, deep water.

g1
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a?og’T
87
0.6% .812
_ x 1025 x 9.81 XSW.
8w
=11300 W-m™!

.. Power/width =

m—l

. Total power produced = 11300 W-m~! x 80 m x 0.5
=452 kW

. 4572

2
A=

4
— = AT? = §T2 tanhmb .m= e coth mb
m m gT?

472
. When h=5m m=———— coth(m))
9.81 x 82

[metre units]
whence m = 0.1184 m™!

11300 W -m~! = %cazgg(l + 2 mb cosech 2mb)

1/2
e a>0g(1 + 2mb cosech 2mb)
4 \mT

Hence a = 0.614 m
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11.1

11.2

T, 1 1
— —— - T,=240.125K
28815K 1+(y—1/2 12 2

oy =a= \/(1.4 x 287 J-kg™! - K~! x 240.125 K)

=310.6m-s!
B 2 1/(,/71)_ P i 2.5
e=e\T, T RT, \12
101.3 x 103
= 01.5 < 10 kg-m™> =0.777 kg - m~>
287 x 288.15 x 1.225
2
Max u when p = 0. Y b u_+0
y—1loy 2
|2yRT, \/2x14x287x28815 .
" Umax = m-s
y—1
=761m-s !
T,  1402x0?

- Ty, =190.6 K
28815K 1+02x1.62 2

ay=+v/14%x287x190.6m-s 1 =276.7m s}
oy =16x%x2767m-s ' =443 m-s!

[or 12 = 2¢,(Toy — Ty) = 2010 ] - kg™' - K~1(288.15 — 190.6) K

whence uy; =443 m - s_l]
0.4/1.4
(101.5 kPa) Ty 1512 P :

p»  23.88 x 103
RT, 287 x 190.6

02 = m~3 =0.437 kg-m™3
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S =0437kg - m (0.6 m)> x 443 m-s~! =69.6 kg -s7!
Min area is where M = 1. From eqn 11.59
"
y+D/ -1} 1/?
{pocoy(2/(y + 1] +D/r=D}

B 69.6 ,
= {[(101.5 x 103)2/(287 x 288.15)11.4(2/2.4)6}1/2

= 0.288 m?

Atz

11.3 M = cosec40°. a=+/1.4x287 x283.15m-s ! =337.3m-s*

Temperature rise u*  a*M?  337.3%2cosec?40°

u = — = =

P 2, ~ 2¢, 2010
=137K

.. Temperature = 147 °C

11.4  Using eqns 11.32, 11.24 and 11.29

351+ 1.4M>
3 P02 _ Po)ap2 _ (1 +O.2M§> + i
D1 P2 P1 1+ 1.4M35
3.5

1+ 0.2M2

PPN

1.4M3% — 0.2

1+1.4M3

14 14[(1+02M2)/ (14M2 — 0.2)]
whence M; = 1.386

pr _ (141.4M7) (1.4M7 - 02) 14M7—02 7Mi-1

1 1.68M? + 1.2 12 6

02 _ 04+24pa/p1 6M?

= = = 1.665
o1 24404p2/p1 Mi+5

From eqn 11.30:

T 1+ 0.2M7%
Eqn 11.26: 2____* 1
283.15K  1+0.2M3

2

,  1+02M}

=L M, =0.746 - T, =352.7K
27 1amz—02 2

ay=+v/14x%x287x352.7m-s ' =376.4m-s!
couy =apMy; =280.7 m - s 1



For subsequent expansion T3 = T (p1/p2)" 414

1/3.5
=352.7 —5— K=2863K=13.2°C
7M? -1

115 By =408, = 30°.
2cot40° (M7 sin?40° — 1)

From eqn 11.37 tan 10° = 5 -
M7 (1.4 + cos 80°) + 2

whence M1 = 1.967
Normal component M sin 81 = 1.264
p2 _ 7 Mysin)® — 1
T 6

[as in Problem 11.4 above]

. _a (P2 _\_7 a2
--Pz—P1—P1<pl 1>—6P1{(M18mﬁ1) 1}

- g x 35 kPa(1.264> — 1) = 24.43 kPa

> 140.2 (M sin40°)°

(M, sin 30°) > = 0.648
1.4 (M sin40°)" — 0.2
M, =1.610
303.15K
= 14+02M2 =1.518 . T, =199.7K
2
S uy = Ma/yRT, = 1.610v/1.4 x 287 x 199.7 m - s~
—456m s 1
11.6
40°

o M
40
S

From eqn 11.37

. 2cotB(1.610%sin’> B — 1)

tan 10° =
1.6102 (1.4 4+ cos2B) + 2
. B =50.69° that is, 40.69°to wall

1+ 0.2 x 1.610% sin? 50.69°

M3 sin® 40.69° = —
1.4 + 1.6102 sin* 50.69° — 0.2

[eqn 11.29]

oo M3 =1.250

Chapter 11
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1.4/0.4

1.7 1+02x1.52

P2 _0s= (“L—Xz - M =3.838
b1 1+0.2M5

From eqn 11.42,

2.838\1/2
0, = v/6arctan ( 7 ) — arcsec(3.858)1/2 = 25.25°

1.25\1/?
6, = /6 arctan (T) —arcsecl.5 =11.91°

.6, — 601 =13.34° [or from Table A3.2]

11.8 % > 1.893 .. Flow supersonic.

From eqn 11.47 or Table A3.1, My = 1.20

T=To(l+[(y —1)/2IM*)~! =363.15K(1.288)"! =281.9K

a=+v14x287x2819m-s ' =336.6m-s!

u=23366x120m-s ' =404m.s!

11.9 aatsealevel = /yRT = /1.4 x 287 x 288.15m s~}
=3403m-s7!

1000
. Assumed Mach no. = 740 x W/ 340.3 = 0.604

This corresponds to p,/pq at sea level of

)V/(V—l)

5 5 3.5
(1 +y —1)/2IM - [1 +0.2(0.604) } —1.280

P2 —p1=0.280 x 101.3 kPa = 28.33 kPa

.. Actual pp = 63.83 kPa

63.83
Ses =0+ 0.2M%)** whence My = 0.955

a at 8000 m altitude is

V1.4 x 287 x236.15m-s ' =308.0m-s!
S u=0955%x308.0m-s ' =2942m-s ! =1059 km-h~!

u? 294,22

= 0 _K=43.07K
2¢y 2% 1005

To—T =

2. Tp=6.07°C
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11.10 Critical ambient pressure = 700 kPa x 0.528 = 369.6 kPa
-, In (a) flow does not become sonic
.. Exit pressure =400 kPa
p r=1/y 4 0-4/1.4
T=T, (—) =313.15 <—) K=2669K=—-6°C
bo 7
u* =2¢, (To — T) = 2010 x 46.25 m? -s™> - u=305m-s"!

p 400 x 103

v _ VY . —3: . -3
= RT = 287 x 2669 &' =322kg-m

0

o= 0Au=1522x650x107% x 305 kg-s~' =1.035 kg -s~!
(b) Exit pressure = critical = 369.6 kPa

-1

y—1, 2
T=Ty(1+——1 = T
0( T2 ) y+1°

= 31315 K=260.96 K=-12.2°C

u=yRT = /1.4 x 287 x 260.96 m-s~! =323.8 m-s~!

_369.6 x 10°
© = 287 % 260.96

=494 x 650 x 107% x 323.8 kg-s~! =1.039 kg - s7!

-1 v/(r="1 3.5
1. po=p{1+(VT>M2} =141<Pa{1+0.2x2.82}

= 380 kPa

kg-m™> =4.94 kg - m~3

Pressure in throat = 0.528 x 380 kPa = 200.6 kPa

Eqn 11.59: m? = AZp ( : )(MW_D
n . oM = e
q tboQoY Y+ 1

Atzp% 2 y+D/(y=1)
~ RT, (y+1>

myRTy [ [y + 1\ "2
PoY ( 2 )

124287 x 293.15
380 x 10314

=1.338 x 1073 m?

At =

x 1.2 m?




90 Solutions manual

Eqn 11.59:
ANE [y +1\0FD/0-D
(7) - (=)
2 < p >2/V ( p >(V+1)/V}
y =1 \po bo

) 1 2/1.4 1 2.4/1.4
126 x5 (—v _
x (2.5683-5) <2.5683-5)

1 1 2.82
=1.20x5 — =
*212.568° 2.5686} 2.146
2.143
A = Ag x s = 4.68 x 1073 m?

1 -1
T=T, (1 + ”TMZ) —293.15 K(2.568)""!

=114.15K = -159°C

u=Mxa=2.8/14x287 x11415m-s ' =600m -s !

11.12 At design conditions

<At)2 B <)/ + 1>(V+1)/(V1) M2
A 2 (1 + [(V _ 1)/2] MZ)(V+1)/(V_1)

1.82 126 % 1.8
(1+0.2x1.82)°  1.648

, AN A\t M2
h —) =) ———
With argon (A) (3) <

—1.26

4
1+ im3)
4\?2 M 1.23 x 1.
- (E) 1 7= 6:83 8 whence M7 = 1.902
(1 + %M%) :

poi

Jy—1)
! (1 Ty —1)/2] M%)y 4

2.5
= (1+4M}) " =7.23
2 -1
br _ v <M% - y_> [from eqns 11.24 and 11.29]
pr v+1 2y
SM? -1 7.2
My Pu _Puibi 723 o,
4 p2 P12 427
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Chapter 11

Provided that steam remains superheated and that Boyle’s law is
valid then by eqn 11.58:

p2
Po

Initial specify entropy = 7.280 kJ-kg ™' -K~1 (from tables) —assumed
to remain constant. Steam is zot superheated under these conditions.

.. Limitation is that steam does not become wet at throat. Limiting
p2 for saturation (with s = 7.280 kJ - l<g_l -K~1)is 126.7 kPa.

2 y/(y=1)
= <?> = 0.5457 . pp =109.14 kPa
14

1
Then v, = — = 1.359 m> - kg~ *

02
) 22 VY po D2
st =2A50 <———)
22y —1\o0 o
s 2 1 1.3
=212 (0.05 m)? 2 m 2
{4( m)} 13592 & "M 53

x (200000 x 0.9602 — 126 700 x 1.359) N-m-kg ™'
s =0.600kg-s7!

Alternatively: %M% = Abg = (2770 — 2685) k] - kg *
=85 x 103 m?-s72

S =urAr vy = 0.596 kg - s !

1.3/0.3
From eqn 11.58: p. = 10°® Pa x (E) = 5.46 x 10° Pa

Since nozzle is choked, use eqn 11.59. Apply eqn 11.60 down-
stream of shock and substitute for 72

<i>2/y B <L>(V+l)/y
po2 po2

y —1 A\ poi o1 2 \wH/e=D
oy <X> po2 002 (7/ + 1)
co1 _ po1 ¢(Toz) _ po1 #(ho2) _ po1

By Boyle’s law — = — = =2
yRey v 02 Po2d(To1)  pordho1)  Po2

assuming that » depends on T only (implied by constant ¢,). Also
ho unchanged across shock.

. <i>2/1.3_ <i>2‘3/1.3
\Po2 po2

_ y—1 < 2 )(y+l)/(y—1) (é)l <p£>2
2 \y+1 A P02
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For exit conditions

2.3/0.3 6 2
K213 _,23/13 _ 15 <%> (0.5)2 (70(1)0;;03)
= 0.0262x*
where x = Pexic/P02 and pexir = 700 kPa
ie. 1—x¥/13 =0.0262x5/13
-1 (J_r) 1+0.1048

. W3/13 _
- 0.0524
700
- x=0.8964 - poy = ——— kP
. x=0.8964 .pop> 0.89¢4 a
y=/y _
(Zﬂ) PRy b yY
p 2
2 1 0.3/1.3
ML = — 1V =0.1704
o Mexit =T {<0.8964>
. Meyi; = 0.413

pox _ 700 x 10°

po1  0.8964 /106 =0.781 . Byeqn 11.33 M; = 1.840
01 .

e

,11:3/0.3
- {1 1£0.15 x 1.840 } ~5.92

Upstream of shock %

Eqgn 11.61
<At>2 <y+1)(y+l)/(y—l)< 2 )
A 2 y —1
y I(L)Z/y ~ (L)(V—H)/y} o404
5.92 5.92

A 1 \'?
L— = —_— = 1,
A (0.424) 535

and for exit conditions,

052 B <£)2.3/0.3 <i) <@>2/1.3 ~ (@>2.3/1.3
T2 0.3 o Po

L Pexit/Po = 0.940 or 0.1063
. Dexit = 940 kPa or 106.3 kPa (without shocks)
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a1 =+v1.4x287x323.15m-s ' =360.3m-s!

180 x 10° . 3
01= 37 32315 <&M~ =194 kg-m
2.7kg-s71
"y = £°5 —1771m-s!
1.941 kg - m—3 x /4 x (0.1 m)?2
177.1
— 0492
1= 360.3

From Table A3.3 or eqn 11.78: flnaxP/A = 4f lnax/d = 1.140

0.1 m

“Inax = 1.140 x ——— =4,
o lma 0 x 20008 75 m
T 1+[(y - /2] M2
Ty =T. = = T =282.3K
2T YT { (v +1)/2 !
~92°C

1/2
1+[(y = /21 M}
= c = Ie == M

= 82.7 kPa
For mid-point fln.xP/A = 1.140/2 = 0.570 .. M = 0.581
T=T/(T/T.) =282.3K x 1.124 =317.3K =44.2°C
P =pc~ (Ppc/p) = 82.7 kPa + 0.548 = 150.9 kPa

730 x 103
287 x 303.15
23kg-s7!
~8.39 kg-m=3 x /4 x (0.15 m)?
B 15.51
/1.4 x 287 x 303.15

From eqn 11.78  (flmaxPA), = 355.7
[Interpolation in Table A3.3 not accurate for small M.]

fIP 0.006 x 2000 m
AT 015m

o (flmaxP/A)2 = 35.7
..My = 0.1342 from Table A3.3 or iteration of eqn 11.78

(@ o1 = kg-m™3 =8.39kg - m3

=1551m-s !

Ui

= 0.0444

Ml

x 4 =320.0

Eqn 11.76: py = 730 kPa x

1/2
0.0444 [ 0.4 x 0.04442 +2
0.1342 ] 0.4 x 0.13422 +2

= 241.4 kPa
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11.17

11.18

11.19

4)%0.15% (730% — p3) 10°
(b) Eqn 11.84 ; T/D7 0157 (7307~ p3) 10 _1n<@)

2 x 2.32 x 287 x 303.15 P2
~2x0.006 x 2000

015 [pz in kPa]
whence p, = 240.8 kPa
Eqn 11.84:
(r/49%d*(8> — 61101 | 8 _2x0.006 x 140
2 % 0.322 x 287 x 288.15 6 d

[d in metres]

ie. 1.02 x 107d* — 0.2877 = 1.68/d

1.68 s

As first approx. neglect log term. Then d° = 1.02x107

-.d=0.044m

Then 1.02 x 107d° = 1.68 + 0.2877 x 0.044 = 1.693,
whence d = 0.0441 m

(1/4)*(0.075)*(600* — 240%)10° /600 _ 2 x 0.08 x 45
2m? x 287 x 288.15 240) —  0.075

whence m = 1.842 kg - s~

600 x 10°
287 x 288.15

B 1.842 kg-s™!
726 kg-m~3 x /4 x (0.075 m)2

_1 2 2 _M% M22 _M% le
Aq_z(“z—ul)—7 Z -1 =5 5 -1

2 2 2
_uf(Pr1\" 575 B 2 2
=5 {<p2> 1} = (6.25—-1)m”"-s

= 8670 m? - s72
O=mAqg=1.842kg-s"! x 8670 m*-s~> = 15970 W

01 kg-m™3 =7.26kg - m™3

=57.5m-s!

75|

p1/p2 = 300/120 = 2.5
fIP/A = 4f1/d = 4 x 0.006 x 85/0.05 = 40.8
- From Table A3.3: M; = 0.12; M, = 0.030



Put inlet conditions in eqn 11.79:

300 x 10° Pa =

1/2
m 287 x 288.15 m? - s2
(7r/4)(0.05 m)?0.12 | 1.4{1+0.2 x 0.122}

whence m =0.2913 kg - s~

or put in outlet conditions:

120 x 10°Pa =

5 o2
m 287 x 288.15 m~ - s
(r/4)(0.05 m)20.30 | 1.4 {l + 0.2 x 0.32}

whence m = 0.2934 kg - s~!
c.osaym=0.292kg- s~
Increase by 50% gives m = 0.438 kg - s~!
From eqn 11.80:
2
R B R ]
=0.1964
o My =0.4332 . (4fImax/d), = 1.653

. (4f lnax/d), = 40.8 + 1.653 = 42.453

.My =0.1245
1/2
0.438 287 x 288.15
Sp1= Pa
(7r/4)(0.05)20.1245 | 1.4 {1+ 0.2 x 0.12452}

= 435 kPa

Chapter 11
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Id
12.1  Values of laid are trivial.
g de

122 0= 2% 13183 m.s !
(/4)0.12

d 4
d—l: =K' - u= —§Kt9/4 + g
uo
K=——
(4/9) 8°/4

. Whent=6s

= 0.0665 [m-s~13/%

u= (3183 - $0.0665 x 6”*)m s =1.517 m -5~

Idu 1600
hi = rrrie m0.0665t5/4 =101.9m when t=6s
Also by is reduced by

4 x 0.005 x 1600
1x19.62

.. H=300+101.94+12.8) m =414.7 m

(3.1832 = 1.517) m = 12.77 m

: +10+2=24
23m =24u?, /28 . tmax =4.34m-s7!
600 m 434 +u
t=12s= 1
ST 4 x434meos1 " (4.34 — u)

whence #=3.37m-s!

124 hdw  bdu b b o
¢ dt "gdr " d 26 4y 28



. 30 dO 1 100 dO 1

" 9.81 dt (/4)(0.225)2 ~ 9.81 dt (7/4)(0.15)2
4 % 0.007 x 30 0?
0.225 x 19.62 {(7r/4)(0.225)? }2
4 % 0.008 x 100 0?

0.15 x 19.62 {(7‘[/4)(0.15)2}2

= —12 [meter, second units]

654d—Q 4360207 = —-12

det
that is, O.lSlSt—% = —Q2 —0.003331

_t_/Q —0.1815d0
7 Joars O 4+0.003331

0.1815 [ 0 }0-115
= ——— |arctan ———
v/0.003331 v/0.003331 g

= 3.144[arctan 1.992 — arctan(17.330)]

. Whent=2s = 1.106 — arctan(17.330Q)

3.144
whence O = 0.02929 m? . s~!

12.5 Load to be accelerated = (1000 + 225 + 180) kg = 1405 kg

If plunger diam. = D m, acceleration of water in pipe

D 2
=1.5(—) m-s2
5(0.04) s

=937.5D* m-s™2
Pressure drop due to this acceleration
=1000 kg-m~3 x 60 m x 937.5D* m-s~2
= 5.625 x 10'D* Pa

Force required at plunger

= {(1000 4+ 225 — 180)9.81 + 1130 4+ 1405 x 1.5} N =13490 N

%D2(2.75 x 10° — 5.625 x 10’D?) N = 13490 N

Chapter 12 97
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. D* —0.0489D? 4 0.0003053 = 0

whence D? = 0.02444 £ 0.01709

and D = +/0.00735 = 0.0857 is the smaller value of D
.. Plunger diameter = 85.7 mm

At steady speed, force at plunger

= {(1000 + 225 — 180)9.81 + 1130} N = 11380 N

11380 N

=1.971 x 10° Pa
(7r/4)(0.0857 m)2

Pressure in cylinder =

Pressure loss in pipe = (2.75 x 10® — 1.971 x 10%) Pa
= 0.778 MPa

0.778 x 106 4 x 0.006 x 60 u?
: = m =
77000 x 9.81 0.04 19.62 m-s—2

S u=658m-s

- Lift d =6.58 40 2m 1 _-1432m-s1
. Litt speea = 6. 357 s =1 S

1 1 0.6
12.6  Eqn12.8: — = 2. N1
an 259 g (1.035 < 10° T 0.0125 x 207 x 1o9> m

K =8.35x108% Pa

8 . m—2
_ [835x108Nem2
880 kg -m—3
21 900
LT = g 8= 09248
2 40 x 10°
127 Hoop stress = (Ap)d/2t . Ap = oy = ;—/t Pa

Also (Ap)? = chzu% = QzuéK’/g = Qu% <

(40 x 10° Pa ?
’ d/t

= 1000 kg - m 32 m-s1)? <

E
E/K+d/t)

200 x 10° Pa
(200 x 10%)/(2 x 10%) +d/t

S d/D*=2d/t—200=0

whence d/t =1 ) v/201 =15.18
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6
¢ = (Ap)/oug = { 15 1180 /(1000 X 2)} =1318m-s™!

s 2l/c=(2x500/1318) s =0.759 s

128 Pac3mes! = Boy/700 107 N2
By =3.586 x 103 m? . N~1/2.¢571

300 x 103 Pa = Auy/1.24 x 10° N-m~2 x 850 kg-m~3
whence Au = 0.2922 m-s~!

Then 3.2922 m-s~! = Bv/400 x 103 N.m~2
. New B=15.205x 103 m?.N"1/2.41

B
. Increase in area = (B_ — 1) 100% =45.2%
0

21 /
For rapid movement, time < —= 2] %

850
—2 %3000, [ —>
1.24 = 10°
=497 s
o 2 2x750 1200
c = 1200 ° 3 ogp *)Au=—(12239)Au

Initially 3.6 m-s~! = Byv/144m . By = 0.3 m'/?.s7!

B (ml/%.s71) h (m) u(m-s~1) Ab (m)
0.3 144 3.6 —
0.27 144 +18.87 = 162.9 3.446 18.87
0.24 144 — 18.87 +42.0 = 167.1 3.103 42.0
0.21 144 +18.87 —42.0 + 46.8 = 167.7  2.720 46.8

AdH - dH
12.10 u = ;E Let /’Jf = C = az (d—>

2
Decelerating head = H + % < ) Ldu
a? S gdr

_ IAdH

ga di2
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12.11

d?H CAg (dH\?> ga
Y >—H=0
a T al (dt) Al
3 -1
Initial velocity = A2Sm’s =2.672m-s!
(/4)(4.5 m)?
1m

If by = Cu® then Co= — 0
(2.672m-s~1)2

CAg 1 (30\*9.81 .
=—=—sl7<) =3~ = 0.0836
YT T 26722 (4.5) 730 m
ga  9.81 (4.5\* , .
== =" =3.024 x 1
F=" 73()(30 s 3.024 x 1074 s
4f1 u? d
Initially yozgg’_; that is, ”%:gz%

Substitute in eqn 12.36:

gdyo  2gd ad ) <4fAyo>
2T~ ] <y0+4fA +Cexp| =27

Similarly for max height:
_ 2gd ad 4fAym
0= (i) +eon(0")

4f A 4f A
Eliminate C. Then —f;ym +1= exp{gf;(ym — yo)}

d
_ 4l 03 _ 32110} _ 32x0.007 x 1200 x 1.12
Yo d2g [(71/4)d2]2 ngdd 729.81 x 0.8°
=10.25 m

- (0.3418 m™ )y + 1 = exp{(0.3418 m™ ) (ym — 10.25 m)}
whence y, = —2.893 m
.. Total height required = 17.893 m
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0.3
13.1  Max. piston speed = 27 0.4 <7> m-s™' =0.127 m-s~!
. Max. speed in pipe = 0.127 x (150/75)> m-s~! = 0.487 m-s~!
0.3
Max. piston acceleration = (2710.4)27 m-s2=0.097%m-s?

. Max. accel. in pipe = 0.09672 x (150/75)* = 0.3847% m-s™2

Rate of flow = 0.98%(0.15)2 %03 x04m 5!

=6.615x 107 *r m3.s7!

6.615 x 10747

e m.s ' =04704m-s!
(r/4)(0.075)2

.. Mean velocity in pipes =
4% 0.01 x 7.5 (0.487)>

0.075 19.62
= 0.4636 m

Suction: b¢ at mid-stroke =

7.5
Accel. head at ends of stroke = m0.3847r2 m=2.897m

15
Discharge: h¢ in 15 m of pipe at mid-stroke = =5 X 0.4636 m
=0.9272 m
4 % 0.01 x 285 0.47042

0.075 19.62
=1.714 m

Steady by in 285 m of pipe =

15
Accel. head in 15 m of pipe = m0.3847r2 m=35795m
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.. Head at beginning of suction stroke = (10.33 — 3 — 2.897) m
=4.43m

Head at middle of suction stroke = (10.33 — 3 — 0.4636) m
=6.87m

Head at end of suction stroke = (10.33 — 3 +2.897) m
=10.23 m

Head at beginning of delivery stroke
=(10.334+13.54+1.714 + 5.795) m
=31.34m

Head at middle of delivery stroke
=(10.334+13.54+1.714 4+ 0.927) m
=26.47 m

Head at end of delivery stroke
=(10.33+13.5+1.714 - 5.795) m
=19.75m

A A
13.2  Velocity in pipe = wr sin@; + wrsin(90° + 9);

A .
= —wr(sinf + cos b))
a

[positive components only]|

Velocity is max. at 45°, 135° etc.
Ma locity in oi A ( 1 n 1 )
. Max. velocity in pipe = —owr [ — + —
yimpip a V22

2002 20 2
= (=) (27==)0.225x —m-s~!
(10()) (7‘[60)0 SXﬁms

=2.666m-s !

20
O =4x %(0.2)2 x 045 x =5 m3 .51
=0.0067 m>-s~!

0.006r

e — . -1 — . -1
/012 m-s 240m-s

.. Mean velocity in pipe =
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Inertia head is max. or min. at instant of min. velocity.
Al 200\* 60 (27\*
Max|hi| = ——w?r==—) — (=) 0.225 m =24.15
axiil = 2 2ot (100) 9.81 ( 3 > m m
.. Inertia pressure = £1000 x 9.81 x 24.15 Pa = +236.9 kPa

13.3 39.27P1/? .
10001/2(9.81 x 233)3/ # 0.138 [SI units]

- P #3.095 x 10° W per jet

30 x 106

.. No. of jets £ X 9.69, say 10 that is, 5 wheels

3.095 x 106

30 x 106
0.815

- Total Q0 =16.10 m? -s7!

W = 01000 kg-m~> x 9.81 N-kg ™' x 233 m

. QJjet =1.610 m3.s7!
Jet velocity = 0.971/19.62 x 233 m-s™' = 65.6 m-s~!

%djzet x65.6m-s 1 =1.610m>-s~'  whence dje; = 0.177 m

Blade speed for max. efficiency = 65.6 m-s~! x 0.46

=30.17m-s !
30.17
= =1.
6.257 536 m
Avy x Qo xu  ulvy
7] = =
hyd QogH gH
_ 0.46Cy./2gH (1 —0.85cos 1650) (1-0.46)Cy/2gH
= oH

=0.46 x 1.821 x 0.54 x 2C2 = 0.851
l/% =u* + R% — 2uR; cos(180° — 6)
= C2(2gH){0.46% + (0.85 x 0.54)*
—2x0.46 x 0.85 x 0.54cos 15°)}
Remaining K.E. divided by weight = v%/Zg
2
.. Percentage = 0 x 100
2¢gH
=100 x 0.97%{0.2116 4 0.2107 — 0.408}
=1.35
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134 u=0.46Cy/2gH; =2u/D
T T
o= Zdzcv‘/ng; P =1nQogH = nZdZCVx/ZQ(gH)3/2

o _ wP1/2
p— Ql/Z(gH)5/4
O.92CV\/§(gH)1/2n1/2711/2dC‘l,/221/4Q1/2(gH)3/4
D202 (gH)3/*
0.46Cy/*n1/2dm1/223/4
D

d
= 1.215 rad

13.5  Useful work divided by weight
= Z(Ul —u)(1 + ky cos 15°) — kou?®
g

= Z(1/1 —u)y — ko’ where y=1+ kqcos15°
g

y = (u/g)(v1 — )y — kou?
vi/2g

2
vy 0
g /R X(vl —2u) —2kou =0
2g0u g
when WL _ o <k2 + X)
g g

that is, — = 0.46 4

=——" whence gk, =2y/23
” 2(gky 1) gky =2y/

Overall efficiency = {g(m —u)y — kzuz}/H

0.46v1

.. Max. efficiency = { (0.54v1)y — k20.462v%}/ H

2
— UL (0.2484y — 0.2116gk»)
gH

— 2C2(0.2484y — 0.2116 x 2y/23) = 0.79
whence y=1.825 . k{cos15° =0.825 .. k;=0.854

13.6  Total losses are (4.8 + 8.8 +0.79 + 0.46) m = 14.85 m
UVw1 | U1Uw1
& g

=108.15m

(1204 3) m=14.85 m +

108.15 x 9.81
—— m

30 s 1 =3537m-s7!

S Uwl =
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Vw1
30m/s

< p

U,

= 14.28°

o = arctan

»
>

I
|
-4
|
1
|
|

35.37

\ 4

9
om/s B = arctan ——= =59.2°

5.37

v} 35372492

=222 7 =679
2¢ 1962 m
p1 v?
(120+3)m=48m+ — +-L +3m
og 2g
P 1152679y m=473m
0g
2
P2 L Y2 | 3 = (0.46 +0.79) m
og 2g
P2 92
22 _(0464079-3—- ) m=-588
" og ( + 19.62) m m

13.7 uy =nD116.67(s~ ) = 52.4D,
Vw1 = v1 o8 30° = uy cos? 30°
U =39.28D;
Yy 52.4D139.28D
N 0.88 — Mwi _ 1 1
™ g gH 9.81 x 15

whence D =0.251m

vr1 = v18in 30° = #q cos 30° sin 30° = 22.68D4

D
,',Q:nDlel

-~ P=0.85x0.2813m>-s7! x 1000 kg-m~3
x 9.81 N-kg™! x 15 m = 35200 W

X Up1 = %22.681){' =0.2813 m> s~

2

19.62

13.8  Head at inlet = (240 + + 3) m=246.7m

- Power = 15.5m>-s7! x 1000 kg-m™> x 9.81 N.kg ™!
x 246.7 m x 0.9 = 33.76 MW

_ 44.86(33.76 x 10%)1/2
P710001/2(9.81 x 246.7)5/4

rad = 0.486 rad
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15.5m3.s7!
V] = ———
1= 223%03m2
U -1
=7375m-s
- 223 x 4486
Ul = fms
=50.0m-s!
SO'wal -1
093 =1hyd = 5575 2267 ™

w1 =45.0m-s7!

375
o= =9.31°%
o = arctan —
375
B = arctan = arctan =124.29°
Vw1l — U -5.0
2 2 2
vy 7.3757445.0
—=—————m=105.9
2¢ 1962 " m
.. % of net head which is kinetic at entry to runner
105.9
=——x100
2467
=42.9

13.9

Inlet and outlet areas equal

LUl = Ur2

v1 = vy cosec 24°

"y = vqsin71° _ v sin71°
30° sin 85° sin 24° sin 85°
= 2.334v
Ry
%0° V2 Vw1 = Urq cOt 24°
- 5 300
uy = mlxﬁ = 1.556Ur1

Vw2 = Uy — vy cot 30°
= 1.556Ur1 — 1.732Ur1
= —0.176v.

v3 =02 (1+0.176%) = 1.03107,
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2
U Vw1 — U2 Vw2 n v

0.88 x 5§m = — W1 27w
g 2g

1 i .
= e 2 (2.334 cot 24°v7; +1.556 x 0.176v;;

1.031
2 U%l)

+

whence v,1 =8.87m-s!

_ 2uy; 2x2.334 x8.87 1 1
== 04 rad-s7" =92rad-s

O = 1410.92770.450 x 0.050 m? = 0.577 m> -s~!

P = Oog <M11/w1 ; usz2> 0.94

=0.577 m>-s7! x 1000 kg - m™3(2.334 cot 24°

+1.556 x 0.176)8.87> m? -s~% x 0.94
—235.5 kW

13.10 For dynamic similarity equate gH /w?>D?

Dy (Hm\'"? . 10.8\ /2
wm = wpD_m (H_p) =4486rad-s x4 (T)
=107.6rad-s~!

100 x 1000 W
m =
1.085 m3-s~1 x 1000 kg-m—3 x 9.81 N-kg~! x 10.8 m

=0.870 .. 7, = 0.900

@)
Equate —=~
quate ——5
3
wp [ Dy 4486 N
O, = (e = 00 43 % 1.085 m3 .
Op a)m<Dm> Om = 1576 4 s

=28.93m> .57
. Py =0.900 x 28.93 m* .57 x 1000 kg-m~>
x 9.81 N-kg™! x 30 m
= 7.66 MW

44.86(7.66 x 10%)1/2
P~ 10001/2(9.81 x 30)5/4 ra
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13.11 u, uy = 6257 x 0.76 m-s !
=14.92m-s!
Uuq

= in 105°
Y17 Sineoe M

=16.64m-s!
vep = 16.64sin15° m-s~!
=431m-s!
. 0=431%x02m? 5!
=0.862m>.s7!

Vw1 = v1c0s 15° =16.08 m-s~!

uver  14.92 x 16.08
S hyd = o 9.81 x 30 ’

U
‘ Steady-flow energy eqn:

l / 2

2
Hy+ -3 +1-0.030% = 10.33 m + 2% 40
" 28 2g

1
2\ _ 2 .2
(120030 = (10.33-3.6) m+ - (v -43)

21 1 1
:6.73m+Q——6(— )

2 7> \dj  dj
1 1
09781 =6.73+0.0613 | - — ———
di  0.4504
0.0613
=5.234+ [metre, second units]

(0.450 + 2/ tan 8°)%

whence [ =5.36m

1312 523(15 x 106)'/? 056 tad — 0.56 12
P = 100012(9.81 x 180y5/4 ¢ = 0->6 rad =0.56/2 rev
=0.089 rev
;.o = 0.037 say (Fig. 13.19)
tmax = 2P G H = (8.6 0.037 x 180) m = 1.94 m

eg
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1313 Hpan = (4 +16.5) m=20.5m
uy =2570.25m-s ' =19.36 m-s~!

Vw2
—————>

l Flow area = (0.257 — 10

vz N x 0.005 cosec 30°)0.0125 m?
) Ur
307\ 2 Z0.00857 m>
U
0.026 m3-s71
= 2 S 3035 m.s !
0.00857 m?2

Vw2 = (19.63 — 3.035¢c0t30°) m-s~ ' =14.38 m-s~!
9.81 x 20.5

= To63x1438 0712

S m

Ideal head = (19.63 x 14.38/9.81) m = 28.78 m
v3 =v2, +v5 = (14382 4+ 3.035%) m?.s72 = 216.0 m? - s>

Steady-flow energy eqn between pump inlet and runner outlet:

* UZ * U2
p—o—i——o—i—w—Runnerloss:p—z—}——z
0g 28 g g 28

* 112 *
Then P_Z +0.5-2 = p—3
g 2g  og

[ 2 &)
2g g 0g

2
v
Hence Runner loss = 2—0 -0

0.026 m3 s 1

= — S
= oiar e =229 mesT o bi2g=0269m

Vo

.. Runner loss = (0.269 — 5.50 +28.78 — 20.5) m
=3.05m

13.14  u =13.570.75m-s"' =31.81 m-s~!
. 5.7m3-s71

"~ 270.375 x 0.125 m2
Vw2 = Uy — U cot70° =24.76 m-s~

Ry = v;3 cosec 70° =20.60 m-s~ !

v} =k, + v = (24767 +19.35 ) m? 572 = 988 m? .52

=19.35m-s"!

Ur2

1
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- 1 2_ .2 2
Head of air = b (2uszz —0.4R5 —v5 + 0.51/2)

1
= 1963 (2 x 31.81 x 24.76

—0.4 x 20.60% — % x 988) m

=46.5m

1.25

Equivalent head of =46.5 —
quivalent head of water m X 2550

= 58.1 mm

Power = Qog (uszz) + Mech. losses
4

= (5.7 x 1.25 x 31.81 x 24.76 + 220) W

= 5830 W
13.15
Uy R, H = UVw2 . U_2
g 2¢g’
B
B Uy = Uy — Uy cotP
Us

2 2
vy = U, + (2 — vy cot B)

1
H = E {2142(142 — U2 COtﬂ) - U%Z

— u% + 2urv cot B — vrzz cot? ,B}

= % {u% — vrzzcoseczﬁ}

uy =30m0.5m-s~ ! =47.1 m-s_l;

4.5m3.s7!
z/r2=5m—8=15.92m~s_l
70.5 x 0.18 m2
1000 1
- 0.1 — = ——(47.12 - 15.92? 2
-0 mxl.23 962 7 5.92%cosec” ) m

whence B = 39.5° or 140.5°

[Reject second result as too extreme.]

13.16 Head to be supplied = (2.4 + 19 + 680 + 6500%) m
= (21.4 4+ 7180*) m

) =16.670.35m-s ' =18.25m-s!
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0.957DyB,  0.9570.35 x 0.018

vwr = (18.25 — 53.20cot35°) m-s~ ' = (18.25 — 76.00) m - s~

s1=5320m-s7!

Ur2

2 2
S QL4+7180) m="2"2 "2 4 5502
2g 2g
1
— |2 x1825(18.25 — 76.0
19.62 [ * ( Q

~0.5 {53.22Q2 (1825 — 76.0@)2} } m

.9370% +70.660 —4.07 =0, whence O =0.03823
that is, Flow rate = 38.23 L-s~!

9.81{21.4 + 718(0.03823)2}

18.25(18.25 — 76.0 x 0.03823) ’

m

13.17 Velocity in pipes = M =2.546m-s"!
(r/4)(0.15 m)?2
4x0.006 x36 4> 2.5462
0.15 19.62
.. Manometric head = (30 +2.697) m = 32.7 m
®(0.045 m3 - s~1)1/2
(9.81m-s=2 x 32.7 m)3/4

m=2.697 m

. Total losses = <

0.465 rad = S w=166.2rad s

Area of flow = 7D x 1% x 0.95 = 0.2985D>

0.045m3-s7!  0.1508 m3 57!

.U =

0.2985D% D2
oy =1662D/2s 1 =83.1D s}
gH 9.81 X 32.7 2 1 5.15 2 1
=075 gy =TT el = 2,
Vrthen W2 =075%834D 0 ° p m®
i tan 55° = _ 2
D, Vw2 — Uy
I B 0.1508
125: "~ D, [(5.15/D) — 83.1D]
U,

[metre, second units]

515D —83.1D% = 0.1056
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13.18

13.19

As first approx. neglect RHS. Then D = (5.15/83.1)1/2 = 0.249

1
Next D3 = ——
. 83.1

D = 0.242 and so on.
Exact D = 0.238 m, say 250 mm

(5.15 x 0.249 — 0.1056) = 0.01416 giving

uy =2427025m-s ' =19.01 m-s!

_0.03m?-s7!

" 17000 x 106 m2

Apparent vy = uy — v cot32° =16.18 m-s~

L Actual vy = 0.7 x 16.18 m-s™ ' =11.33 m-s~ !
0.03

(r/4)0.1252

=1.765m-s~!

Ur2

1

Velocity in discharge pipe = sT1=2445m-s7!
0.03

— " m.s'=1.698m-s!
(r/4)0.1252

Velocity in suction pipe =

1
Overall head = {4.5 +13.3 4+ ———(2.445% — 1.6982)} m

19.62
=17.96m
0.3 x 1000 x 9.81 x 17.96
- — 68.1

Noverall 7760 68.1%

9.81(4.5 + 13.3)

Mman = 90151133 - orl%
14)1/2

@ = 2dd 1 = 0.4980 [s]

©.81 x 1.5)34 18

40 39 38 pairs of poles
1.25 1.282 1.316 rev/s

7.85 8.05 8.27 rad-s!

Q, 391 4.00 412 rad

823

Hence Q = 4 rad and pump speed = 8.05 rad - s~

70 x 103
kPa= ————  m=892mh
(b) 70 kPa 800 < 981 m = 8.92 m head

(0.0113)1/2

= 081 x 50277 181 = 0-0037160 [s]

S

Highest possible speed = 50 rev/s = 314.2 rad -s~!
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Then Q¢ = 0.003716 x 314.2 rad = 1.17 rad, say 1.20 rad

Alternatively use Q¢ = 0.60 rad at 157 rad - s~! but pump would
then be more bulky.

5.5%x10° 5, _, -
(C)gH—P/Q—WIH -sT =5500m~*-s
27 x 50(0.00525)1/2

rad = 0.0356 rad

At 50 rev/s, Qs = (5500)3/4

—far too low for range of pumps

.. Use multi-stage pump, each stage with
Qs =0.20 rad at 314.2 rad -s~!

2750(0.00525)1/2
0.20 rad = 50( ) rad - m3/2.s73/2
(gH)3/4

- gH =548 m?.s72

.. 10 stages required

_3.26 —1800/(1000 x 9.81)

= 0.084
oc 365 0.0843
1800 — 830
— 27 = (0. —0.622)13. =——m=1.
21 — 22 = (0.750 — 0.622)13.56 m 1000 < 9.81 m 637 m
H oD?
By dimensional analysis w%3 =¢ ((;DZ , a)v >
w2

For prototype pump 1.15 rad = W s

whence @ = 34.37 rad-s~!

Dy \? v

For equal ®D? /v,  ®nodel = @p (D_i) ‘;_p
1

- (34.37 rad-s_1> 422

n

_549.8

rad-s~! where 3<n<6

- 91.6rad-s ! <wn <183.2rad-s!
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2
For equal gH/w?D?, Hy, = = H, <—m) (E)
, Dy
- (52) (=) (5:)
Yp Dy
2
1 240
= {5 m) (Dm> 22"

5.6.67m < Hp <26.67m

13.22  Input power = Tw1 = CT.Qa)fD5
*. Lost power = CTQw1D5
=0.0014 x 850 kg-m~> (16.67

3
x 277 rad - s*l) (0.5 m)°0.03

=1282 W

13.23 From eqns 13.29 and 13.30,
2

é {(w%r% - wlwzriz) B <w1w2ré - a)%ﬁ‘)} ) 412}_g

that is, (a)lré - wzrf)(a)l — ) = 20*

Power transmitted = Qg (Work divided by mass in secondary)

= Avp (wlwzr(z) — a)%rlz)

1 1/2
= Ap {5 (a)lr% — wzrlz) (w1 — wz)} (a)lwzro wzrz)

32 (w1 — wy 172
= Aowy <a)1ré — wzri) ( > )

150 x 10° W = 0.026m” x 850 kg-m™> x 40
x 27 rad-s~! x 0.965 (807[0.192 m

2 1

32
~8070.965 rad -s™'7})

_ 1/2
y {8071(1 20.965)} (rad 51112

. (0.19* m* — 0.965r9)%/% = 0.003349 m?
Whence 7;=0.1192m .. d; =238.4 mm
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