
Models nr@ to he built of  he folluwirq pmfo5yplJ.- (a) tides; (3) oil flowing throrrgh n full pipeline (c, 
warer jer; Id) flow over the spillway ofa dam; (e) o deep submenibl~ vehicIe; fl an ailplaneflying al 
speed; (E) a supersonic aircrufr; (h) a supersonic missile. For dynamic similarity, inclicait which singJ 
dimensionless ratio will govern, and give remom why. 

N 
Governing dimensionless ratios are: 

R for parts (b),  (e), and If), because for these the significant form are inertia and fluid friction due to 
viscosity (air compressibility is not appreciable at low auplane speeds). 4 

F for pans (a), (c), and (4, because for these the significant forces are inertia and gravity, 4 

M for parts (g) and (h). because for these compressibility is jmportant. 4 



7.9 A 5aO-f-long ship will oprmte ar a speed of 20 nph in ocean water whose viscosiy is 1 .2 cf a d  specfll 
weight is M ib@. What should be the kinematic viscosi~ of the liquid usd wirh a IO-fr-Long Mode1 of tl 
ship so that both the Reynolds number and the Frotide number would be ?he same? Does swch a liquid 
abt 7 

B 
Rp = R,; P, = F, ; LrV,/v, = 1 ; V,j(gC;I'p = 1 

Fig A.2: There is no such liquid available. 4 

7.10 Wa~er flows over a spillway at 5DOO cfs. For d y m ' c  similarity, what shwM I& MPI scaZ& be if tk 
rue o w  dzc Model is ro be 45 qfs? The furca ererfed on a certain area of the model is 1.0 Ib. Whai 
would the force be on the corresponding arm of rhc protoope? 

BG 
Gravity and inertia govern, so satisfies Froude's number. Equaling these, we get 

Eq 7.2: V, - VJV, = (LPfL,J1" = L:' I, = gp 

Qr = (A x P), = (L2 x LT, = L? ; (M00145) = L:' ; 

L, = LplL, = 6.58 : R = L,JLp = 1 : 6.58 d 

S = ( ~ P L \  = ~.V;L: = ~ ( L J L ~  = L: assuming p, = p,.  [ALtemativeLy, F, = ( ~ Q v ~ . J  

(Fpll.O) = (6.58)' = 285 ; F, = 1.0(285) = 285 It, 4 



A 1:600 scale model is builf lo srudy rides. (a) Wkar length of rime in rhe &el mnapands to one day in 
the prototype? @) Suppose this model could be rested on the m n  where g is one-siuh of thut on earth. 
Whal then would be the time relationship between the model and prototype? 

Gravity and inertia dominate, so F governs, and Fp = F, (Eq. 7.9). 

(a) [Pj'(BL)"], = [Y/(~L)'"] ,  ; ... V, = (g~): ' .  ~ q .  7.3: = L ~ / v ~  = L~/ (~L) :"  = 

T#, = Tp/Tr = T p 1 W r  = TPm = T ~ & ~ I ~ J / ( L ~ I L J  

On earth: T, = (24 h r l d m  = 24 hrfl4.5 = 0.980 hr 4 

(b) On the moon: Tm = (24 hr)\1(6/1)/(60Cyl) = 24 hr / lO = 2.40 hr 4 

A vertical jc; of wafer issuing upward from a nozzle at a veloc~ry of 44fps will rise to a height of 
approximcriely 3Oft on the earth. To get a water jet to rise to a height of 120~7 on the moon, wherr! the 
graviry in one-sirth of thnr on mrfh, w M  must the jet v e k i t y  he? Ncgiect atmospheric resistance. 

Gravity and inenia dorninare, so F governs, and F, = F,, 

Eq. 7.1: L, = LJLm = 301120 = 0.25; g, = gJg, = 6 

Eq. 7.9: I M ( ~ L ) ' ~ ] ~  = [kj ' (g~}'n] ,  ; :. V / V  rn = /- = dm = 1.225 = v* @. 7.2) 

V m = V , / V , = 4 4 / 1 . 2 2 5  = 3 5 . 9 f p s  4 

A 3-fr-high secrional model of a spillway is built in a 1-.-wide laboratory flume. T h ~ f l o w  is 0.86 I$S crnder 
a h ~ a d  of 0.380fi. If the model srdr is 1:20 and the pmrnrype spillway is tWj3 Long. whai flow does this 
repraenl in the prototype? 

L, = LplLm = 20 ; gf = 1.0. Gravity and inertia dominate, so F governs, and Fm = F, (Eq. 7.9). 

[Vj'(g~)'"], = [ ~ l ( g ~ ) ~ ] ~  SO V, - (g~):" - fi - = 4.47 ; A, = L: = 2@ - 4W 
Q, -A,V,  - 40014.47) = 1789 ; Q, = (0.86 cfs/ft)(600/20ft) = 25.8 C ~ S  

Qp = QnQr = (25.8 cfs)1789 = 46,200 cfs 4 


