7.30 Use dimensional analysis to derive an expression for the height of capillary rise in a glass tube.

Step 1: f'(a,r,0.v) = O, so no. of variables, n = 4. Using FLT:
C k= _ _|F _1LEL -
Step2: h=[L,r =il o= lz] y = lf-’]’ m=2

Step 3: The 3 variables &, r, and o can pot be formed into a dimensionless group,
so the reduction pumber k = 3.
Step4: No.of O groups = n~k =1, . fQa) = 0.

Steps 5 and 6;: For I = rlobyh: FOLOT® - (L){%)T{;I(L)‘
F:OQ=b+e; L 0=a-b-3¢+1; T 0=0
Solving: @ =2c-1,b = -c. So W = r* 'o=y'h = (hirXyr¥o)

r €
Step7: Wecanwrite fI) =0, or I - C =const Then h = lSrL—“—2 «

yr
Experimental observation suggests that ¢ = 1 {see Sec 2.12), in which case h = _C;E



Derive an expression for the drag on an aircraft flying at supersonic speed.

At supersonic speed the volume modulus of elasticity E, is also a factor (see Eq 7.10). .. we expect both
M and R to govern.

Step 1 f"(FD,L,V,p,p.E) = 0, 5o no. of variables, n = 6, Using FLT:
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Step2:FD=m.L={L1,V=[-";J,p= =TT g,

Step 3: The 3 variables V, L, and p can not be formed into a dimensionless group,
so the reduction number k£ = 3.

Step4: No.of Il groups = n-k =3, - FO, I, 05 =0

Steps 5 and 6: Select for the 3 (=) primary (repeating) variables: p L, V

by _(FrY Ly FT)
For I, = p®L®°u: FOLOT® - [F] (L)b[—f‘.,’[F]

Fro0=a+1; L: 0= -da+b+¢c-2;: T 0O =2a-¢c+1

Solving: @ = -1, b=-1, ¢ =-1. So 0O = p 'L W'y = yf(L¥Vp) = R
a 2
For I, = p®L*VFy FPLT® - [F—IQ'] m”[ﬁ (7
L )
F: 0=g+1; L. 0= da+b+c; T 0=2a-c
Solving: a = -1, b=-2, ¢=-2. So I = p'L"WF, = F l(pL*V?)
2 o pY
For I, = p"L*VE; FOLOT® - | £L (L)’[é] Ll
Lt r)ire
Fr O0=a+l; L GQ=-d4a+b+c-2, T 0=2a-c¢
Solving: @ = -1, b=0, c¢=-2. So Il = p'L%E, = E J(pV) = M

Step 7: We can write I, = ¢, I;'%), ie. FplpL?V?) = §RM), or F, = pL?V*¢(RM) <




198 sec. 7.7, Prob. 7.32

7.32

Derive an expression for small flow rales over a spillway, in the form of u function including dimensionle:
quantities. Use dimensional analysis with the following parameters: height of spillway P, head on the
spillway H, viscosity of liquid p, density of liguid p, surface tension o, and acceleration due to gravity g.

Step 1t

Step 2:

Step 3:

Step 4:

fl(g,P,H,g p,p,8 =0, £0 oo, of variables, n = 7. Using MLT:
- £ L

—,p=[L1,Ha[L1,s-‘\—].p-[ﬂ],w[{%.u[ﬁ

3 m =3

T T2 LT T
The 3 variables ¢, H, and p can not be formed into a dimensionless group,
so the reduction number k = 3.

No. of II groups needed = n-k = 4, .. f, IL, I, I,) = O.

Steps 5 and 6: Select for the 3 (=) primary (repeating) variables: q, H, p.

Step 7:

For I, = ¢°H’p"P: M°L'T® = [ T(L)b[ ](L)'

M Q=0¢; L: 0

It

2a+b-3c+1; T 0 = -

Solving: @ =0,b = -1,¢ =0. So I, = ¢°H'p°P - P/H

a C oy o i L :
For IL, = g°H*p’g: M°L°T® = [ ](L}"[L’][F]

M, O=c L 0=2a+b-3¢+1; T 0=-g-2

Solving: ¢ = -2, b=3, ¢=0. So I, =g = gHjq4?
M 1
For II, = g°H*p'u: ML'T® = ()"[ ].[LT]

M. 0=c+l; L: 0-2a+b-3¢c-1; T+ 0= -a-1

Solving: a = -1, b =0,c = -1. So I, = g 'H®"'u = pjgp = R (a5 ¢ = HW)

_ agboc. p0pop0 - L2 bﬂcﬂl
For [, = q¢°H*p°c: M°LOT® [T]Q(L)[Ls][ﬁ]

M G=c+l; Li 0 =2a+b-3¢c; I' 0 =-a-2

Solving: @=-2, b=1, ¢c=-1. So O, =qHp'o - oHl(pg*) = W? (asq = HV)
We can write 1,7 = o1, I;', I;"H

ie., gfg'PH?) = HHIP, R, W) or ¢ = g""HPHIP, R, W) <



