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1. w % 11T i - (50%)

(1) Explain the meaning of the Net Positive Suction Head (NPSH). (4%)
BLF 4 I ek (cavitation) Fif x » 22 RF (B £ orhead)z B4 42
(head)2 fr > & F A3t ZF B P L RAFF E L X31FE(NPSH) -

(2) Explain the meaning of “terminal velocity”. (3%)
BRI AR IR AEAES R TR LRERE OF A ERAER R
#3& & (terminal velocity)

(3) . fully developed flow =%, & ? (3%)
AR FE RS AR IERRM B ARG 0 A5 2B Bt (fully
developed flow) o

(4) ¥ 2 il pdE (FH; 7 dead end flow 7 cross flow » FARL P ?(4%)
Dead end flow: i§igindind * & BRI 3 2
cross flow: iEigindimd  w BRI 5 T {7

(5) 3!]%53: BT P TR -8 1 4 3 AR B (physical-mechanical separation process)end —
® 554 ? (5%)
Filtration, Settling, Centrifugation, Screening, Classification

(6) #LP 52 %k (drying)¥2 7 % (evaporation)snZ £ 2 (5%)
A REFRREA ALFTY B AFTRENR o
SO RATF AR p EFEBFTY B 'f Az kEimn-

(7) o = 4 k8 (Newtonian fluid) £ 242 # 755 48 (non-Newtonian fluid) % £ © (4%)
A AAEE A E Y R S h e P AL MM AEY RS EF Ao

(8) iR RUAFAR LB AR Z M > MU AR EF A H e 7 A EE K ?HHP R F - (3%)
RMIRLRCER A A R o
RFIZERHERLS TR B4 b3 BEOPBF -

(9) #BfgstenF B2 PR B ELRFR > AL LR LW ?(3%)
BEHr ZRBQANF -



(10) P 3 4o HF A5 42 B w 7ot (reflux ratio) 2. 42 2k - (5%)
HAcw i BERKFFEPBERTE o
FAEERBERT R BEAFAETE o
RGN BERTE > RMEH e PABLLEF Sﬁ';‘ﬁigﬁ(’yu B RH ) o
W) #FstEtm e plt T By £ 0 i e R G By £ 5 &
7R H A T 2 (5%)
Filtration, Extraction, Adsorption, Chromatography
(12) #.p 4efe 20t 72 > d Fanning friction factor (5= % A% )G 3 Fl g p indh
o B 8 ? (6%)
1.3+ ¥ Reynold number (Re) » %57 df ik ds enficss B & i 8 50 © (2%)
2. 3% Re » 3+ & Fanning friction factor (fr) - (2%0)
3.3+ ¥ Schmidt number (Sc) > 1345 & i &% BLimsk & 0 F » AP RAE 2 5% 2 (2%)
4. % % & i~ ¥ * Chilton-Colburn analogies

C C
jD — jH =_f LP[‘Z/Q‘ =£SC2/3 =_f
2 pv.cC, Vv 2

0

5.% % & i ¥ * Prandtl analogies

(C; /2)ReSc

T1+5C, /2(Sc-1)

(C; /2)ReSc
1+5,/C, /2{Sc~1+In[(1+5Sc)/6]}

2 -_ von Karman analogy

Sh=

2. An oil with a kinematic viscosity of 0.8x10° m?/s and a density of 1050 kg/m® flows
through a horizontal circular conduit 2.0 cm in inner diameter at the rate of 0.72 m%hr.
The length of the conduit is 30 m.  Answer the following questions.

(a) What is the Reynolds number? (5%)
(b) Calculate the Fanning friction factor. (2%)
(c) What is the head loss? (3%)

0.72m?/h 1
L9 / )(36005) 0637 misiRe YD __OT()00) ¢
ne_ VD _VD _ (0637)(0.02) 16

= ———=1592<2300; f;=-——-=0.0100
Y7 1% 0.8x10 1592

2 2
h =2f, 2V _p 10 30 (0637)° ;o5
Dg 1592002 98




3. Awell-stirred storage vessel contains 1500 kg of sucrose solution containing 10% sucrose
by mass. A constant flow rate of 10 kg/h of sucrose solution consisting of 30% sucrose
is suddenly introduced into the tank and a constant withdrawal rate of 20 kg/h is also
started. Answer the following questions.

(a) Draw a diagram to describe the layout of this question. (3%)

(b) Determine the total mass of sucrose solution at the time of 15 h. (5%)

(c) Calculate the mass fraction of sucrose in the tank at the time of 15 h. (6%)
(d) Determine the mass of sucrose at the time of 15 h. (6%)

Initial mass of sucrose solution in the tank =1500 kg
The total mass balance:

mz—m1+d—M=o:»20—10+d—M:o
dt dt
dM M t
—:—1o:>j dM =—1oj dt = M —1500 = —10t = M = —10t +1500
dt 1500 0

At 15 h, the mass of sucrose solution in the tank: M =-10(15) +1500 =1350 kg

Method 1: The sucrose mass balance
dM dw, dM

mA2 — mAl +TA =0= ZOCOA —10(030) +M dt + COA F =0
20, —3+ (=10t +1500) d;‘t”* ~10@, = 0=> 10w, — 3+ (~10t +1500) dgt)A -0

(1500-10t) 222 =310, = [ do, t

t d
dt 01 3-100, =[; (1500—10t)
—im( 3-10, ]z_iln(lSOO—lot)
10 (3-1000.)) 10 '\ 1500
3-100, _150-t _ :3_3(150—tj20_3_0_2(1504)
2 150 10 10( 150 150

At 15 h, the mass fraction of sucrose in the tank is 12%.
At 15 h, the mass of sucrose in the tank:

M, =M, =(-10t +1500) [0.3—0.2(151(;—:]} =162 kg sucrouse

Method 2: The sucrose mass balance

My, — My +d—S =0= 203—10(0.30) +d—S =0=> 204—10(0.30) +d—S =0
dt M dt —10t +1500 dt

d_S __ 208 —3—S= efj. 71055500 ' J' eJ 710:2500(“ (3)dt+c

dt 10t-—-1500

3



g — gBie-150) [ j o Bin(t-150) @)dt + CJ _ gln(t-150)” |: J‘ @In(t-150) 7 3)dt + C]

S = (t—150)> [3j(t—150)*2dt+c] — (t—150)? [_t—150 +c}

S =-3(t—150) + c(t —150)* (S =150 att =0)

150 = —3(~150) +¢(~150)* = ¢ = iooz __L
(150)> 75

— S = —3(t —150) —%(t ~150)?

At 15 h, the mass of sucrose is = S =-3(15-150) —7%(15—150)2 =162 kg

At 15 h, the mass fraction of sucrose in the tank is 162/1350 = 12%.

LR - PR 25 em s R A2 em R g o BT RS 5 0.165 kgfs 3 g

RIE25°C 41 85°Ce R g e BEL 29 % > P EEAR S 99°C e

(@ PRHELERETF RERPrTER N CEREE R LB GRS o (6%)

(b) e & pintl g @ el 2200 Wim2K > ke B2 2 BR$17 £ 4 % 5
980 kg/m? r2 2 4180 J/kg-K » fs 3+ T #4 8 hE & ° (4%)

Heat balance: q,+0, =q,

me (T |>< datum ) + hA(T T) mc (T |X+Ax _Tdatum)

T
pVxZDZCp (T|x datum)"—h(”DAX)(T T) pV ZD c (T|X+Ax _Tdatum)
va%DZCp(T|X+AX—T|X)—h(7rDAX)(TS—T)=0
T |yome =T
2( |X+Ax |x)+ h T-T)=0 = d_T+ —(T -T,)=0
4 AX PV,C, dx pv.c
dr I h idxzo _dT + h 4 “dx=0
T-T, pvc, D wT-T, pvc, D%
T-T. h 4L T -T. “meo
Int—=+ =0t s=e MO
T,-T, pvc, D T,-T,



ovA =0.165 kg/s = v =0.343 m/s
L hA

Inu+4£L:O:>InTL_TS +4—— 0
To—T, D pvc, T, —T. D mc,

S

' 2
85799, L 22000500257 | _pes
25-99  0.025 (0.165)(4180)

5. 134 Fick’sfirstlaw » — &2 w(z * » )@ A fac 2 L 2 287 £ 7 3

d
NAz = _CDAB %"‘ yA(NAz + NBz)

C. RkR
Dag: #H4c i #
(8) &P ApFmELT
NAz =_CDAdeLZA+yA(NAz+NBz)? ?g (L= NAz =_CDAB %?(6%)
(b) & ApmiEiET

d s 2
N A, =_CDAB£+yA(NAz+NBZ)? i

Wi

: (1_ yA)NAz = _CDAB % ? (4%)
YA

(@) ¥ ¥ B i+ F+c(equimolar counterdiffusion)
AR XM >yaz0
(b) E- X2 AX2)Hic BIA L #FLL
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