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The figure shows a J'.<ewtonian hqUld with const阻t density p 叫d vlscosityμflows mto an open 

rectangular t缸ll<阻d then the fluid flo附 over the lowcr edge of thc tank onto an mchned-plane 

surface. As the fhllJ flows do、明白e mclined plate, il enlrains a l!quid film with a constant thickness 

δrhe flow is stcady and ful1 y d凹 eloped. Assume L >>δ， S>>δ、 and W>>δAlso neglect edge 

也ldentranceeffects

開 (8 %) For the liquid on 出'"叫med pla惚， write do附 thc dlfferen!Íal mass balan臼 Alsowrite 

down the differentlal momelltum balance i且 thexdirection 

(b) (6 %) For thc liquidω1 theinclir也J plate, de1Íve the liquid velocity U x and the shear stress 巧河 

(c) 	(6%)Plea的e derive the inlet mas~ mte of flow Q III ord叮 to mamtain the lîquid level and the 

liquid film with a constant th\cknessδ 
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2. (5%)The 企iction 1055, hL• in pipe flow can be expressed as [0110W5 

2-OAUL-D 
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L 

where L IS the plpC lcngth and g is the accel臼ation d田 10 gravity l i5 a dimensionless coeffiClent 

depends on the average veloclty uofthe pipe f1 ow, the pipe diameter D, the f1uid density p, the fluid 

VISt叩tyμand the average plpC wall unevennes~ e (length). Using Buckingham 7r theorem with the 

core εroupofυ ， D Wld ρ， fmd a dimcnsionle% function for the coefficientj 

3 	 Aliquid f10、vs up刊 ard in a 100 m long, vcrtical tube with rcducin區 diamete r. The diamcter at 也cinlct 

Is8tirnesl缸ger than Ihat at the outlet. If the average velocity at the inlet i5 1 m戊 the pressure 

ditIcrcnce between the inlet and the OUllet i5 4 kPa, the density i5 1 g/cm', and the heat added 10 the 

liquidis 15 J/ι 

(,)(2 %)、~Tite down the integral relatlOll for the conservation of ene河V 

υ
-
2
 

(b) (8 %) ifthe specific hcat ofthe hqmd 1.'1 4 2 J!(g-K), what lS thc changc 10 liqmd temperature? 

4. 	 (a) (1 2 %) Thc lcmperatures at the inner and outer surfaces of a plane wall of th1ckness d are held at 

the constant value沼 ro and 1d, respcctively, wherc To > TιThe w訓 1 matenal has a thermal 

C叩ductivity k that varies hnearly according to k = ko (1 +凹 的可 ko and ß bcmg constanls. At what 

pomt wiU the actual temperature p叩file differ most from that which would exist in the case of 

ωnstant thennal conductivity? 

(b) (4 %) Consider laminar forced convection III a ci比\llar tnbe WilI the heat flux be higher 且晶r the 

inletofthetubeornear 叫道 exit? Why? 

(c) 	(4 %) Many hcat exchangers are des1gned 10 transfer heat from cyllllders subjected to cross f10w 

Please explain why the Reynolds a.J1dlogy, which permits the calculation of heat transfer from the 

skin-friction factors. does not apply in 5uch cases 

5 	 A spherical droplet of a purc Iiquid 1.'1 held statioll2可 in a large volume of sl iJl air. The llquid 

eva凹 rates. and the drop radius R decreases with time t. Develop a qua飢 -~teady model frorn which 

the radius may be found 臼 a funct10n oftime A"可 ume that the extemal phasc controls thc mass 

trans日er( i. e ， theevaporatJ叩 rate) and thal the Sherwood number Is 2 (Sh = 2) 

(a) (8 %) Present a differential eq岫tlOn for R(t). State clearly any assumptio肘 youmade 

(b) (6 %) Solve th l.'! d1fferen tJ al equation to find R(t) 
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6. 	 (6 %) A dropJet of a nOD-vo!atile viscous hψ划， at a uniform tcmpcraturc of 300 K, and with a 

uniformly distribu• ed initial cOllcentratiun ufa s'l!ute，的 suddenly exposed to a !argc volume of air 

containing none of the voJatile solute The dr呵)let has an initial dlameter D of 17]μn， and it i~ 

suspcndcd 1n the air under 恥ch conditlOn~ that the Sherwood numher i5 2. Tbe ddfusion coefticient 

D叮 ofthe volati!e specles in thc 叫民間dinga汀 IS 0 3 cm 2ls. The diffus lOn coeftiClent uf the 、叫atile 

species III the viscou~ liquid, DAB i:; ]x lO-5 cm2!s. Please estimate the timc requlrcd for the 

concentration of the solute, at the centcr of the droplet, to fall to 1% of its imtial 、 alue ， The 

Gumey-Lune chart of Y vs. XD for transient dlffusion (or cond叫tion) in a sphere is given III the 

following , Here Y, the dimensionless concentrat lOn, and XD, thc dlInension!ess time, are defi田das

刊+ 
X.，=o~'\?' 

0' 

where CA and C~ are thc 叫囚叩tratiün a叫 mitial conce帥的on of spec間 A 1ll the droplet, 

附中ectively， C: is the concentration of solute tn the mr, and t lS the time ln the plot, for each value 

of the BlO t number 徊。， a set ofthree lines i5 shovvn , The upp巳 r line !s the valuc of Y at thc centcr of 

the spherc The dashed hnc IS thc value of Y a、 eragcd over the volume. The lower !me i5 the valuc of 

Yatthe~urfa且

定。
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A fced consists of two components is separated into a dist il!ate and botlom product in a distil1ation 

column with ideal trays. The following are the steady-state compositions of the more volatile 

component in the column 

Here, X叩d y denote the mole fraction ill liquid and vapor respectively，句 is the mole fr前 tion m 

bottom product, Xo is 甘le mole fraction in overhead procluct, Xn is the mole fraction in Iiquid from 

plate 泊， and Yn is the mole fraction in vapor from platc ll. The system being separated has a constant 

relativc volatility The molar ratio ofthe top product 10 the fecd is 0.545 

(,) (4 蚓、Nhat determines the theoretical maximum extent of separation for a distíllation column? 

(b) (3 %)What 的 the composition ofthe feed? 

(c) 	 (3 %) Is a to!al or partial condenser being used? Why? 

(d) (3 %) \Vhat is the value ofthe relative 、 o!atil此.y? 

(e) (3 %) What is the reflux ratio being used? 

的	 (3 %) Assume q is the moles of liquidωstrippmg secti咽。f column per mole of feed. wl旭tis 

the q value for the feed? 

(g) (2 %) What is lhe feed condition? 

(h) (4 %) Find the feed line 
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