
7.30 Use dimensionaJ amiysis to derive an expression for rk Ireighl of capilhry nsc in a g h s  tube. 
N 

Step 1 : f'(h,r, u, y )  = 0 ,  so no. of variables, n = 4. Using FLT: 

Slep 3 : The 3 variables h , r, and u can a t  be formed into a dimensiimless group, 

so the duction number k = 3. 

Step4: NO. of II groups = n - k  = 1 ,  :. fa) = 0 .  

F F  5 and I :  For - r a m b  ,'A: ='LOP = ( L ) f - ) l - p  
L L3 

F: O = b + c ;  L: 0 = a - b - 3 c + 1 ;  T 0 - 0  

Solving: a = 2 c - 1 ,  b = -c. So ll = rz-'a'fh = (IdflVz/u)' 

Co Expenmental observation suggesls that c - 1 (see Sec 2-12), in which case h = - 
yr 



Derive an qression for the drug on an oituuft flying at supersonic speed. 
N 

At supersonic speed the volume modulus nf elaqticity Ev is also a factor (see Eq 7.10). .: we expect b t h  
M and R to govern. 

Step I: f ' ( ~ , , ~ , v , p , p , ~ J  = 0, so no. of variables. n = 6.  Using FLT: 

Step 2 :  F, = Id, L = [Ll ,  V = [a,. = 1 ,  = [q, Ev = 1 ;  . = 

Step 3: The 3 variables V, L, and p can not bc formed into a dimensionless group, 

so the reduction number k = 3.  

Step 4: No. of I1 groups = A - k = 3, .'. f@,, q, 11,) = 0 

Steps 5 aod 6: Elect for the 3 (=k) primary (repeating) variables: p ,  L, V 

t': 0 = a + l ;  L: 0 = - 4 a + b + c - 2 ;  0 = & - c + l  

Solving: a = -1, b =  -1, c = -1. s o  1 =p-l i , - lv- l  p = pl(LVp) = R-' 

F: 0 = a + 1 ;  L: 0 = - 4 a + b + c ;  T: 0 = 2a-c 

Solving: a = -1, b = -2, r = -2. So $ z p - l ~ - Z ~ - 2 ~ D  = F D P ~ 2 ~ 2 )  

f;: 0 = a + l ;  L: O = - 4 a + b + c - 2 ;  F 0 = 2 a - c  

Solving: a - -1, b = 0, c = -2. Sa $ = p - 1 ~ 0 ~ - 2 ~ U  = E " / ( ~ V Z )  = M-Z 

Step 7; Ws can write = #a;', ql?, i.e. F , / ( ~ L ~ V ' )  = #@,hi), or F, = p~~p$(B,Mj 4 



7.32 Derive an q r m i o n  for smallfEow mres over a sp(llway, in the form of u funaion i~iclding dimemionlc: 
quantities. Vse dimensional analysis wirh the following parameters; height of spillwq P, head on the 
spillway H, viscosiv of liquid p, density of liquid p, su+e ternion a, and acceleration due to gravity g. 

N 
Step 1 : f ( q ,  P, H,g, p ,  p, a) = 0, so no. of variables, n = 7.  Using MLT: 

Step 3: The 3 variables q, H, and p can not be formed inro a dimensionless group, 

so the reduction number k = 3. 

Step 4: No. of II gmps  needed = rr - k = 4 ,  .'. f@,, q, q, IIJ = 0 .  

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

Solving: a = 0, b = - 1, c = 0 .  So 11, = q O ~ - ' p o ~  = F/H 

For $ = qaHbpcg: M ~ L O T O  = - (L) - - ( b[a)[ ;)' 

O = c ) l ;  L: O - k + b - 3 ~ - 1 ;  T: O =  - 0 - 1  

Solving: a = -1, b = 0, c = - 1 .  $O & - - ~ H O ~ - ~ ~  = p/qp = R-1 (as = HV) 

Solving: a = -2, b = 1, c = -1. So U, = q - 2 ~ p - L u  = u ~ / ( p q ~ )  = W-2 ( a s q  = HV) 

Step 7: We can write I&*' = ml, ql, 
i.e., q/(3wH3fl) = &HIP, R, W) or q = g ' w 3 r Z # ~ l P ,  R, yy) 4 


