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Prob. 1 (叩吟。) 

Watcrflo\vs 封閉dilv 帥的問判。叫山時 一-J;(、 

π
 

d出\y shov叩 in the diagram 扭曲c inlet to 一一→ 1 、\ 

the eI仙，恥叫阿L闊的 P 1 and the y 一可「一\\\ 
cross-s叫ional area is Ai. At the outlct, thc t \.!) ì \ 

句
z

cross-s叫 onal arca 凶 A，叫出e 盯eraged L----.. x c2ì Li
velucity is V2. The elbow discharges to thc 

的mosphα.ewithprcssurc P到肝 

(1) Determinc the force required to hold the elbow III pl叫 (1酬。 

(2) 	"ì uppose ViSCOl泌 ctfcct is takcn inlo account and boundary layer develops in the 

e1 bow duct. How wilJ this viscous e行的taffectyoursoJution of(I)1 Statejour 

rea<;on byas電uming a velocity profile at the outlel. (10秒。) 
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Prob.2(20秒。) 
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:扣刊F什II于正L~只:3 2V刊川 掠.吉廿+去μ〈仕 
吉 侍2 河 F〈叫:1]訓Jl吋[22哼叫叫叫 
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(1) For incompressible f1 ow, please rewrite the co叫nu盯 equation. (5%) 

(2) Please reduce Navier-Stokes equations above and write 	dow門口也，e Navier-Stoke這 

equations under incompressible f1 0w with constant viscosity. (5%) 

(3) 	P]凹se reduce Na\ier-Stokes eq閣tions abovc and v,Tite down the Navier-Stl>kes 

equat間n的 under incompres~ihle and invis 、 idflow.(5%) 

(4) 	 C叩sider Navicr-Stokes equations under incompressible tlow with ι'011st缸吋 

\iscasity in problem (2), find the dimensionless group in teffilS of charaderistic 

lengthscale1 朋d velocity V~. (5%) 

(背面仍有題目 j青續續作答)
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Prob. 3 (2研.) 
Considet a buge w官回1ank wi也 a special arr回顧:ment of exit as 也own where thc 
di嘲且間貪官)mthew司給'f level 個 the 國nter line of exit is 10 m. Asswne the 扭扭ba. a
伊甸回lyro凶tded inlet(，叫thcirou1ar曲apc 阻ddi個e1缸 D. = 1 cm)，他e 阻，，"，，阻 

h且dloss憫1 be estimated as HE = 0.03凡叮袍， W扭背包几 istheme祖 ínletvel<田i1y
臨d g才岫/臨， A 甜瓜ght 祖祖血岫 pipe of 1en到1 L= 10 曲闖世h inlet 

di，.，.耐 D"，= lcm 祖dthe 啞itdiar田terD叫 =3αn 扭曲曲ected to the 阻it. Tbe 
h曲d 10髓。f 扭扭脾曲曲Jnpc 曲nbee封回甜d bYH~ =。且(LID)Y，，/I站， WI>阻 

15=O.S(ÐIII +ÐDI/t) 

(1) 	 N"區副誰也eh回d 1個s by assume 甜甜阻lessflow.e歸祖祖 them曲n volume 

f1.owrateQ曲曲ugh tbeexitwi油加間開甜甜 connec岫gpípe. (10%) 

但:) C個sider tbe vis血..be甜 I間， e咄mate the mean volume r，臨 Q tbrough the 
阻twiththeex但曲曲曲血間組蠅似.pe.(1明.) 

l:Iint: Bemoulli 問，uation for steady，血。mpressible，甜甜onless flow along a 
甜回mline 

J!...~~+-+Z =constant 
pg 	 2. 

」
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Prob.4 (2們也} 

C'"過iderairatroom 但mp'"曲".bet啊，阻 twoinfinitepl曲" s曲已且正扭曲wmg 

below. Assume that the distance 出個自且也etwopl臨sisd，也a加由mplateis 

flXed. andthet叩 pl臨"血。vingatacon臨nt ，peed 江 F;世1he vel個hy 

d;甜ibution 加棚'eenthetwoplû曲，血dtho 也..，甜田sontbebo血mplateifthe 

V血。喲。，f theairisd曲。闢回μ 

勵...r=r-τ一一一一" ::::;.v
y -0 ‘ 

Prob, S (20%) 

Two-dime血ional flow with 也e veJ.臨itydi甜;b曲on V徊，y)= (u(x.y) , v(X,y)) 08 a 

p1ane shown below. Write down the 旦河)l'e SsiOD of v，例划倒tyoftheflowin 祉'"

<fuecti曲 nonn凶 10 the pl曲風 L Al曲， show the círcu\ ation 缸。回到d a very small 

間個單扭曲曲'" defin<到d by tbe points 恤， y,),“,+.ð.X, Yl)，柄， y什ðy)， 

(x,+6X, Y,+.ð.y). S開aI阻 the c個tour in the plot belOW. Oescri扭曲e relation 

betw間1伽曲削醋。a恥dthev.肘ticity based on the間ults obtained 

已

Note: |
V

甘叫吋 J 
V(x，y)={u(x， y);峙，y)) 

u: velocity ìn x direc汁ion 
()(,-,)D éi.+ó誓'， y，) 

v: velocity in y d.irection 

z 
'‘ 


