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(1師~)Aw由r tank Itas an oriti開 inthebot個mof也e 個ù<. 

r ouù< 

The height, h, of water in the tank is kept constant by a supply of water which_ is n?í sh(~w且 Ajetof 
m肺 emergesfrom 也.e orl訂閱，也ecross 晶ctìon叫..... of 也ej吼叫z)， is a function of 曲e v叫回I 
d跑回暉.z.Negle叫ng 甜甜。n(vis∞me扭曲}曲d surface 岫到on find an expn:間曲曲，你')int個回 
ofAo. h 阻dz， wh缸-e Aaisthecross-s前tional area at =0. Assume 也atthear圈。fthetank 岔開，uña曲 
is very large compar吋 wi也 Ao. 

日O%)A w吋ge with a vertex angJ e 28 is inser臼d inωa jet ofwater (d開"旬， ρ，) ofwidth. b ， 阻d 
vel四呵，日創 shown in the sketch below 
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I'he angle of attack, a,ofthe wedge is also defined in thc sketch. The result is that the single incidentjet 
is divided into two jets both of which leave the back edges of the wedge with thc velocity, U The 
widthsofthetwodep訓 ingjetsaret泊 and(l 月basindi且ted in the figure.lt is as飢lmedthatthcflow 
isplanarandthatthepressure in surroundingair 的 e閥門whereatmosphcric 

(1) Find the 1吐血d drag 00 the wedge per unil length nonnal 10 the sketch as functions of p, U, h ， 戶， 

α ru>dθ 

(2) If the angle of attack, a, is vaned whileμ U， b ， βand 0 remain fixed, find the angle of attack at 
whichthelifiiszero 

(3) If, on the other hand, the wedge is moved in a directlOn perpendicu!ar 10 the inCldentjet whiJeρ'， U， 

b ， αand (}remain fixed thCIl ß 叫Il changc. There ison巳 such P叫他on a1 which the lift is zero; what is 
thevalueofßatthispositionintermsof α"d 們 Ifthcwcdge werefrcetomoveinsucha 附y would 
this position represent a position of s惚 )leorunstableequ i!ibrium? 

日0%) The sketch below shows the cr。“-sectional geometry of a supporting slmt. The actual strut 的 
quite streamlined, in other words L!H 的 large. It is intended for use in a uniform stream of 
m∞mpressible f!uid (den~ity ， p) of vclocity , U令 P"叫leltothcsideofler甲九九 The flow CaIl bc 
considered 10 be planar 

「一一一」一一-Ic 
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Furtherassume 

• thatlhevelocity distributibnoverthec汁 ind叫 cal nose, IIAE, is the same as m potentml 口ow， thatis 
tosa、 the velocity outside the boundary layer is 2UsinB. 

.thatthe 詞。w separates 別的esharptrailingedge泠(' and D ~o that the pressure coefficient 
(definedbas吋 on the upstream dynamic pressure) actmg on the base CD is 

http:figure.lt
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• thattheskin friction forces ιm thecylindrical nosearen巳 ghgihle 

Jf the drag coeffícient is defined based on the upstream dynamic pressurc and the frontal projected 
訂閱 (Htîmesaunitdcpth阿pend叫lartothesketch). fil吋 

(1) The contribution ofthe form dr呵 tothetotal drag coeffícient (denotcd this byCDF) 

(2)An 	estimale ofthe contribution of 的e skin friction on the sides ofthe strul10 the tolal drag 
cocfficient, assuming the boundary layer remains laminar This shαJld be in tenns of the 
Reynolds number, Re"'UL/ v, where v is lhe kinematic viscosil)' orthe fiuid 

(3) 	Forwhat aspectr齡的 LIH, wi l! thc drag be comprised of equal parts of form and skin frictior> 

dragsifRe=IOOσy 

4. 	 (32 %) Oì1 is being pumped through rectangular channei sh恥叫 in the figure. rhe pump characteristic 
'"盯e is given as H=200-11 OQ2 The unit of the he 祠， H，的 in meters, and inmJ/sforthe 、叫 umetnc 
flow rate, Q. The channe! wa!ls have an average roughness of 0.04 mm. :rhe width and height of the 
channelarc 1 mand2 c叭 rcspectively Thc dcnsity ofthcoiJ is 9仰 kg/m' and the kinematic viscosity 
isO.OOOl m句s. Thevelocityprofileofthe 訂閱dy ， incomp~essible， turbulent, fu lJ y developed f10w in the 
very wide recta時ular channel is given as 叫J"似=()的川 between the bottom wa !l and the cente何line
(也e bottom wall is defincd as y=O，回 the centerline is at y=h). The protile above the centerline is 
')月nmetric to that below 

(1) 	Could the approximate pro訂""八Jm，x'-(y/h)門恤叫吋 toobtainthe 甜甜rstressatthewall 凹datthe 
centerline ofthis f1ow? Explain with a tèw sentences. 

(2)Obtain wall shcar 	鈴rcss. Thc friction factor is hctwcen 0.01 and 0.05 A few iterations may be 
required to get the friction factor, and a val Lle accuratc to the third dccimal place wi1l be good 
enough. You ma) also need the fo lJ o、叫ngrela 心nshiptoobtainthefrictionfactor 

rr &! Dì' > I 6.9l 
Tr一1.81咱Il3} J +一|1\ 3.7} Re 1 

(3) If tw=825 N/m2 and V-14 .3 m/s and tota! shear stress distribution in Ihi~ fully developcd turbulent 
flow is Jinear, calculate the turbulcnt and viscous stresses al y='O.2 cm 

(4) 	Ifthe present pump is replaced with a new geometrically sim i1 ar and a diameter 1.5 times Ja屯叮 
pumprunningatthesamespe啊， whatwouldbethenew f1owratcQ?

(背面仍有 J題目 J奇繼始作答)
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•g= 9.8m!s2 
Open 10 atmosphere

Opentoatmosphere 

f.: ""O.04mm 

(Dra叫ng ;-..OT TO SCAl 的 

5. 	 (18 %) Watcr film is flowing down a very 叭 de slope as shown in the figure beJ ow The flow is stea 彬， 

lamînar, and fully developed. Use the symbol v 10 repres開 tthekînematicviscosityofwat肘， e forthe 
inclined ang!e of the slope, h for the film thickness, and g for gravity Show all assumptions, 
calculations and derivations step by step 
(1) 	Use Navier-Stokes equations 10 derive expressio l1 s for the ralio between the velocity profile, u(y) , 

and the maximum velocity, L"m 約 intermsofyandh，的 well as Umax in terms ofh, g, e, and v 
(2)lsth訂e energy Joss 的 w，t叮f10ws down thc 510阱。If ycs，州 aten叮叮 oftheflowiscoll\l叫吋 to 

1085叫 Wheredo目 thisenergyshowup':> 


