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{Velocity} = {Length/Time} = {L/t} e
{Force} = {Mass Length/Time} = {mL/t?} e
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{p} = {force/area}={mass x length/time x 1/length?} = {m/(t°L)} ™
{1/2pV?} = {mass/length? x (length/time)?} = {m/(t°L)} ®
{pgz} = {mass/length? x length/time? x length} ={m/(t°L)} ®
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The drag force F, on a cylinder of diameter d and length / is to be studied. What functional form
relates the dimensionless variables if a fluid with velocity V flows normal to the cylinder?

Fp=f(d,LV,pp) n==~o
Fol=7x W=7 =77 =L W=L [pl=75 =3

6 — 3 =3 w-terms.

d,V.and p s,/ slopizo
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We choose repeating variables with the simplest combinations of dimensions such that they
do not form a 7-term by themselves (we could not include d and / as repeating variables); the
repeating variables are chosen to be d, V, and p. These three variables are combined with each
of the remaining variables to form the 7-terms. Rather than writing equations similar to Eq.6.2.9
for the 7-terms, let us form the 7-terms by inspection. When the repeating variables are com-
bined with F we observe that only Fp and p have the mass dimension; hence Fp, must be divid-
ed by p. Only Fp and V have the time dimension: hence, Fp must be divided by V2. Thus Fp
divided by p has L* in the numerator; when divided by V? this results in > remaining in the
numerator. Hence we must have d? in the denominator resulting in

Fp _ 1
pV2d2 S

TRl =

d

The last 7-term results from combining p with d, V, and p. The mass dimension disappears if we
divide p by p. The time dimension disappears if we divide p by V. This leaves one length dimen-
sion in the numerator; hence d is needed in the denominator resulting in

S
pVd

™3

F [
m = fi(m, m3) o8 pl/é)a'2 N fl(g' ﬁ)
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The rise of liquid in a capillary tube is to be studied. It is anticipated that the rise & will depend
on surface tension o, tube diameter d. liquid specific weight y, and angle 8 of attachment
between the liquid and tube. Write the functional form of the dimensionless variables.

h = f(o,d,v.B)

_ __M — 1 (dimensi = _
[h] = L [y] = 12772 [B] = 1 (dimensionless) o] = 2 [d] = L

j‘QMQTo@‘w‘ﬁw‘@\w‘wJ L;@lfa;?)ooﬁgsgy)o@T.m)‘ngLGMMMAM&!)Q
el 009297 §0 S5 L M/ T? S oS (o0 0doline dlins () 50 il oo atudly K0S a0 by 5 aiiws o
J=2 ol M /T L as)ls sg2g olal JBlas 05,5 98 Ladd .awines oo 3l gwe T o M alies o0l o
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m = fi(m, m3)  or k- fl(: ydz. ﬁ)
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Ap = f(LLV,p, i, g, ¢, w, 0)

20 (o0 a S |y g alaly pSSL - o (5595

Euler number. Eu =

)
Froude number~. Fr =

Strouhal number?, St = 7

Ap
pv?

Vpl

Reynolds number, Re = L4

n

V

—
9

V
Mach number,M = —

c

lw

V2

2
Weber number<, We = - P

o
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Parameter Expression Flow situations where parameter is important
Euler number A‘fz Flows in which pressure drop is significant:
P most flow situations
Reynolds number otV Flows that are influenced by viscous effects:
K internal flows, boundary layer flows
V
Froude number W Flows that are influenced by gravity: primarily
& free surface flows
Mach number v Compressibility is important in these flows,
¢ usually if V> 0.3 ¢
[ :
Strouhal number Vw Flow with an unsteady component that
repeats itself periodically
V3Ip

Weber number

Surface tension influences the flow; flow with
an interface may be such a flow
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A test is to be performed on a proposed design for a large pump that is to deliver
1.5 m?/s of water from a 40-cm-diameter impeller with a pressure rise of 400 kPa. A
model with an 8-cm-diameter impeller is to be used. What flow rate should be used and
what pressure rise is to be expected? The model fluid is water at the same temperature

as the water 1n the prototype.

For similarity to exist in this confined incompressible flow problem, the Reynolds

numbers must be equal; that is,

Reln =
VIN d"!

v"l
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Recognizing that v, = », if the temperatures are equal, we see that

The ratio of flow rates is found recognizing that Q = VA:

Om _ Vudn,

O Vpd,%
1 2 1
=% (5) =53

Q 15 3
O, = 5 —T—0.3m/s

Thus we find that

The dimensionless pressure rise is found using the Euler number:

(vl - (v
pVZm  \pVZ)p

Hence the pressure rise for the model is

p m Vl%l

Apm = AP 2
! Pp Vo

=400 X 1 X 5% = 10 000 kPa
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