EI

7.4 What are the dimensions of acceleration of gravity, density,
dynamic viscosity, kinematic viscosity, specific weight, and
speed of sound in (a) the FLT system, and (b) the MLT system?
Compare your results with those given in Table 1.1 in Chapter 1.

g accelera tion of gravity =

velocity = L

+'mee T* z)
g . mass rM o 2 3 = MLT
p= density = e, = T3 = L (stmee F= 1L
-2
¥ o S Stress SiBL A
/44 = d,mumc VISC&JI"} = m‘”ﬂt T~ i LT
. . -2 2
. : . . dynami¢ wsmrl, naELEET
V= Kinematic viseosity = density T et T
G . weight R ._F: = /MLT-Z);'. "_1’_1.-1
¥ = Speaﬁc we:ghi' = J,m_l_—’y;;;,,‘ L3 _ 13 JE?
Cr Speed of sound = Jengtn _ L
m e T
Thus,
(#) 1h The FLT Syskem, (L) th The MLT system,
g2 (5 it g = LT
p= ELT? L me?
o EL* T ne Mmoot
s L ys L2777
= kL’ y= muir?
e T c = LT




7.14

7./4  Assame that the power, 9, required to
mn.mmmmammm.o.
the fluid deasity, p, the rotational speed, o, and
the flowrate, Q. Use D, o, and p. a3 repeating
variables to determine a suitable set of pi terms.
X N

P=F(0,pf0,Q)
Ps FL r'j’ D=/ r U st ©3 L2r!

From The pé Theorem , 9=3=2 pc torms reguired. Use
. D w, and P 45 repeting vaviables. Thus,

_”_;3 aDwa/oc .

. and , i
CFLT=" ) ) (=) (FCT) 5 pyere
So : _
I +C =0 (for F)
/! +ta -4¥¢Cc =0 (for L)
~/=-b +2¢c =0 ) (for T)
2t foliws et az=-5, b==3, C==1, qna werfre
- 7= Zptae
Check d/'.”m u.fl‘n_, MLT 57;{(“’ s
/4 = MLET = polL'T® . ok
P oW (u-202)% ()3
A 77;, 7

= @ p‘.@‘/"c;
(£27-) ()" (7~) " (Fe*T) < = pyere

€30 (r F)
3+a -#=o (for L)
-/ ~b t2¢c=0 Cor 1)

(Cont ) -
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7.14 _|(con’t)

% - BHNET)
Thas, '

/?g)‘w’ e (53%:—)

=) DL
17;-- bs“)
Check dimensions using MLT system -
@ . LT . ogere

Zt bollows Thet  a=-3, b=~ , 20, ¢mi Merefore

.. 0K
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7.12

7.12 At a sudden contraction in a pipe the |
diameter changes from D, to D,. The pressure |
drop,. Ap, which develops across the contraction
is a function of D, and D,, as well as the velocity,
V, in the larger pipe, and the fluid density, p, and

_.viscosity, u. Use D,, V, and g as repeating vari-
ables to determine a suitable set of dimensionless
parameters. Why would it be incorrect to include
thé velocity in the smaller pipe as an additional
variable? ’

4p=#(8,8,V, p p)

dpz F* Dl Bl vaurT! s FLtr? e FLUT
From The pi Theorem, b-3=35 dimensinless parameters reguired. lise

B,Y and Jb #s repeating variables. Thus,
& b ¢

= LD V/a.
(FL*)(¢ )“(LT')"(FL ir) = pesere

/+C=0 (Ar F)
-2+a+b-2¢=0 (hr L)

-4+ C=0 (fer T)
It fllows Tt @=l, b=, C=~| , and Therefore

. Apd
T ox

Check dimensions using MLT system
4p D (p'T72) L)
e (LT me'T)

o QD,aVJ;“C
L G ) E G e o

and

So Tt

= MeL°T® - ok
Fr T, :

¢=o (hr F)
I+ a+b -2¢=0 (hr L)
—lb+ =0 (frr)
It fllws Tt  a=-1 ,b=0, cz0 , and There fore
D,
m= = ;
2 D, (Coﬂi)
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712 ( Cont)

mois obviously dimensionless .

5}' 77'3 s a. b ¢
77:3.~/4D, V
CFotra)en)*(Lr=) *(Frat) s pogere
/-;-c =0 /Ar F)
—¢+a+b-2c=0 (for L)
2-L+¢c =0 (for 7)
It follows That asl, b= 1, ¢z~ qnad THerfore
g AT
/4(-

Check dimensions 4sing MLT System :
POV /m-am)m-')
ML T

4z
Fom The Cavﬁnm*y eJaﬂ;éMn )
vED =V, T D
wheve Vs s The Ve/ac}'l'y tn The smaller pipe . Since
= _Q_ )lv
Vi 15 not Ma'e,bm/eni of D,b ana V and Therhore
should not be included as 4n mdependeut vaviable.

= MeL°T*® . oK
Thus,

7-/0




7.16
1. The pressure rise, Ap, across a pump can
| be expressed as

Ap = f(D, p, 0, Q)
+ where D is the impeller diameter, p the fluid den-
' sity, @ the rotational speed, and Q the flowrate.

Determine a suitable set of dimensionless param-
eters.

dp= £ D=L s AT ws T @=L
From the pi theorem, 5-3= 2 pi ttrms required. lse
D,p and w as m/mt_‘m mrm%s Thus,
# AP.D‘ C

an
e ( B0 (i) (r‘) FYT
I+ b=0 (for F)
-2 ta —-44 =0 (forL)
24~¢ =o ' (for T,
It follows Thet 4= -2, bu-l,c=-2 , and Theredre )
M= b
T e
Check dimensions using MLT System
& ey 3 i = NUT° ok
Dipw® (L))"
FZr 7, o, ‘
m= @D Vs
(¢ 3;"’)&)‘(#4""7*) )= pyere
b=0 Cér F)
3y &-¥b=0 for L)
-l+2b-C=0 (for T)
2t fllows That az-3, b= 0o, €=~l, and 7herefore
Ty = D%
Check dimensions usihg Mir system :
_d_)_ = L = pg0/050 ok
D (L3 5
T/’IIS)
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7.22  The pressure drop, Ap, along a straight
pipe of diameter D has been experimentally stud-
ied, and it is observed that for laminar flow of a
given fluid and pipe, the pressure drop varies di-
rectly with the distance, £, between pressure taps.
Assume that Ap is a function of D and {, the
velocity, V, and the fluid viscosity, u. Use di-
mensional analysis to deduce how the pressure
drop varies with pipe diameter.

ap=F (DA V, 4)
Ap= £ D=L A= ysLT™’ /aé FL*T
From e pi Theorem, &-3=2 pi ferms reguived .
8y ms,'oec/w'n ) for T, (eontoining 4p):

A,b y) 5 (#L")(L) . o0
T = = = [°T°
Y R =Ty R
Check using MLT :
aph L (T .,
AV (ML)
For T, (contamng 2) :
AR
which 1s obviously dimensionless. Thus,
dp2 - gL
v f/D) (1)

From The stakment of The problem, 4pc 4 5o Thit
Eg. 1) must be of The form

Apd _ e 4
v 5

Wheve K i soeme constant. I+ Thus folloys Thel
I
44 < 4

n(;Dr' a jfven veIoci'H:J.
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7.27 Assume that the drag, 9, on an aircraft
flying at supersonic speeds is a function of its
velocity, V, fluid density, p, speed of sound, ¢,
and a series of lengths, ¢y, . . . , &, which describe
the geometry of the aircraft. Develop a set of pi
terms that could be used to investigate experi-
mentally how the drag is affected by the various
factors listed. Form the pi terms by inspection.

M:"C(V//"J <, ’Ql/ 1«.)
BEE  yoLT p2FL*TY e=iT™ ol lengths, AL

From The pi Theorem, (4+:)-3 = I+i pi forms vegured, where

L K The number of length Ferms (1'=), 2 3, efc. ).

By nspection , for T, ( confrmns o8) :
o

= = 7 = fojoro
KT ey AT
Check using MLT . i
A - MLT = MoLoro ,:0"

TAviLE - () f)*
For T, (contaming c) :
e o
and both are obviously dimensionless .
For all ofher pi +erms containiie AL

= 5

and These fevms involving Te L3 are obviously dimensionlss.
Thus,

_—;Ai—- — ¢ /_V_, /el-. )

PYU2 T
Where % 15 a Sewes of pr lrr/n.s/ :'_F_s) f.- ek,
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7.37

7.37 Air at 80 °Fis to flow through a 2-ft pipe at an average veloc-
ity of 6 ft/s. What size pipe should be used to move water at 60 °F

and average velocity of 3 fi/s if Reynolds number similarity is en-

For Reynolds pvmber similarity,

Reair = Re water » o

(yfl"')a,,. (VD)Wafer

Thos, e .
= Ywgler r
Dwafar "( ;, e’)( ,; : )D,,,,- , Where from Tables B.) and 8, 2
air water
Hoatg = 121001058 p0a g = 1gami*E
60°F 80
Hence,

200x,75 8\ [ 68/,
B = (i) (335)0 - gaast
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746 A model of 2 submarine, 1 : 15 scale, is to be tested at 130 ft/
s in & wind tunnel with stendard sea-lsvel sir, while the prototype
will be oporated in seawater. Determine the speed of the protbtype
to ensure Reynolds number similarity.

Let ( )y and ( )y dencte model and prototype, respectively.
Thos, Re, = Re or

Y,
Hence,
o= (5Ll ), -15(5)%

(]

, whers =75 b

ﬂ/so

Y, '/57x/o"—§t and ¥, —/.z-o')c/o“:,ﬂ <o that

e 57X HTs
/sm-?—) V, 187 Vf

le.c
= Vm Ieaﬂ*
V’ > IT7' - —IF - 0.9‘3-_%{
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By Froude namber similarily,

Vead o iENeL
Vil  VEL -

A
¢.Md with J‘-‘a,, > 1/&"0, Vg~ 3 rm

4

50 et

1)

i . - M
i V/-o‘{.?.g) = 94975

747
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747 (&Mhumm parnchutes in a wa-
tor tannel.” Seation 7.8.1) Flow orfoe a 30-f-dlameter
W_Mmmw m_o_rn 1t digmter

mocdal pafachinie in a watertonael. Sa the todel
mwmammmmﬁawwmuwg
Uss the modeel data to e drag.on tie pmw.u

through air at 10 1t/s. Asstime the dfig 10 be 8 m..

failing through
velocity, V, o8 ﬁﬁ&nﬂwnwbm

L=F  pLT pErUTT DEL
Erom 1he pi Theorem, 4-3=1 p¢ Ferm reguired,
ana a dimensiona/ analysjis yields

/’d?D‘ o
where C is & Comwtant. Thus, #or Similarity
between rnodel And pro'l:o'égpc

ﬁ = £M
v Bl

8= (L)L)(E) 2

duge \ 71, E-\° 2
= (2.38x0"" ZH\ (10 3 5_‘9_&)
.’) 9%—)(1& (17

So Thak

L9y

= |17 W
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7.4 A 1/50 scale model is to be used in a towing tank
to study the water motion near the bottom of a shallow chan-
nel as a large barge passes over. (See Video V7.16) Assume
that the model is operated in accordance with the Froude
number criteria for dynamic similitude. The prototype barge
moves at a typical speed of 15 knots. (a) At what speed (in
ft/s) should the model be towed? (b) Near the bastom of the
model channel a small particle is found to move 0.15 ft in
one second so that the fluid velocity at that point is ap-
proximately 0.15 ft/s. Determine the velocity at the corre-
sponding point jn the prototype channel.

@) For Froude number similarty
Vom v

ik Vil

Where L 1s some chamchevishe lengt | ana witn fay=3

V.
. =¥ : eth
-Th“s' \/m: vglo ('5'*!10“'53 = 2,11 Anets
££
From Tabke A1 | Ant= (054%)(EmE )= L5
Ei
SoraimE ViuZ (2.!2 zlzno-h)(l-l-‘i%)- 3_53_?-‘

(b) Since from Eg. (D

Seo That
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o 7.54 A thin fiat plate having a diameter of 0.3
ft is towed through a tank of oil (y = 53 Ib/ft*)
at a velocity of 5 ft/s. The plane of the plate is
perpendicular to the direction of motion, and the

plmisuwsothtmmnumgﬁ-
gible. Under these conditions the drag on the
plate is 1.4 Ib. }f viscous effects are neglected,
predict the drag on a geometrically similar, 2-ft-
diamphﬂeﬂm:swwedwithudodtyof.‘i
ft/s through water at 60 °F under conditions sim-
ilar to those for the smaller plate.-

IF viscous and wave effects ave neglected o

B=+(ApV)
where: B~ drag3F | da Plate diameter L, on Flud densily = /"[“I‘z
and  V~ velocity 2 LT . Frem e pi theortm, 4-3= [ pi term
rezutrcd and a dlmenmml analysis yields

T A
Since There is only one pi +erm

‘&’" a b = Constant
ﬂm ld 2 f VAP fd
Where m refers Fo The smaller, 0.3 Ft-diamehr plate .

Thus, L V4 A
,ﬂ: loo Yy T m €1

From The detn given :
f= 19 slugs/pt® ; d= 2¢t; V= 3/

= 53 b/FT i : ‘ )
ln” Gty 3 Om =03 VT SHS ;B =14

T/meﬁn Hrom Eg.

A gy 985) (3£)" (z4)°

53/5/&’ £t’ 0.3
.nzﬂ/s) (s ) ( {t)

(eh) = als b

7-59



72.75 |

7,75  River models are used to study many different
types of flow situations. (See, for example, Video V7.12) A
certain small river has an average width and depth of 60 ft
and 4 ft, respectively, and carries water at a flowrate of 700
f’/s. A model is to be designed based on Froude number
similarity so that the discharge scale is 1/250. At what depth
and flowrate would the model operate?

For Froude rnumber sd»[/ani‘y
V

i F

Where £ 15 some chamdemshc ,fenﬂ‘h ana  witx Fm=3

Vom ~ |/

== )2
Since The Flowrate 1s (D= VA, Where A s The
a/:prpprmfg Cross Sectiona/ 4/?4

42,., : V A,,., (/"' Ao
/1/50) é_ &__)

So That Q-- L) (1)
CP_

5'0

Thus, L

and for a ,Oro-l-o'l'yfe de,of?v of 4 The
c’orrespmdwy model dep'lh 15

Lo =(0.110) (4£2£) = 0. 440 £

The mode! Flowrate is obtaines from Eg.(/):

(p [2.5'0 y7oo££ ) ‘? -F£3
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