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Power number; (b) Euler number; (¢) Froude number (6 %)

A double-pipe heat exchanger consists of a 1-in schedule-40 steel pipe (ID= 1.049 inch, OD=
1.315 inch) inside a 2-in schedule-40 steel pipe (ID= 2.067 inch, OD= 2.375 inch). Both pipe
are set on the same axis and water flows in both in the same direction with the same bulk
velocity of 10 ft/s and the same inlet pressure. If a leak should develop anywhere in the system,
which stream will flow into the other? The definition for the Fanning friction factor fas follows:

(10 %: Hint: make a good use of the Figures attached)
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Hydrocarbon vapors are cracked in a catalytic reactor which consists of a randomly packed bed
of pellets shaped as “cubes” 0.5 cm long. The material of which the pellets are made has a
density of 1600 kg/m’ and the bulk density of the packed bed is 960 kg/m’. The container has a
cross sectional area 0.1 m®, and the bed is 2 m deep. Find the pressure drop through the bed if
the superficial velocity is 1 m/s. (10%; Hint: make a good use of the Figure attached)
The density of the vapor is 0.642 kg/m’, and its viscosity is 1.5 * 107 Pa.s.
Note: D= effective particle diameter=6/5y;
where S, =specific surface of a particle = Sp/ vp= (surface area of a particle)/(volume of
particle);
Gy= p_ vy, in which vg is the superficial velocity

g: void fraction
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PHOBRESRBA S — e 108 Bt —HoRB RN S ARSRERRE -
HEAARFRABHOHMERR AR EI B CHRIOBE L7 (2% ) BEGR
BRAAAHRRENBBRT R > MY TS VMBET LY (6% )

6. Z4EABH T > 128K LR a8 - SRRl aae T 5148l o Ra
B REL ] 2068 EAREAMNEBERE (54 1000 ) £ HERLE S -7
FIBE (64 20C) iy MMEYX -1 LA P CBRBE? (1% ) 72
BT CBRERS? (1% ) EREGOREFERLHEEL - (3% )

7. (a) #E ¥4 (single pass) i (counterflow) F ¥ (double-pipe) # % ie 2
M- BAMBESHE (2% ) EFEAHBPHBRALEARS (2% )
(b) # (a) 2B X MBey A B £ 429 L igif 65 R ik & X dofT&T? (2
% )

8. (a) fTiftest M m4]? (1% ) ABREX A2 (1% )
(b) #& (a) faMLbed K AAH BT 2 (1% )

9. ERBAMHZAMBUM BAAERPZRARK - SR EH R
(two-resistance theory ) #.8% §i £ ¥ £ &2 & # KR % i# > §i42 2% 49 WA
# e
(1) 3t SRz W RMAH > T4 M AMKER (film theory) - B8
% (penctration theory) # 4% & ¥ # 723 (surface-renewal theory) - i
AT RN AT MBI - (6%)
(2) R ANERET EANMAKIEL T FMEGH ky ke AR F
#i& & (mass flux) - FRANAKBEAAMZEBR/UGEYI AL
1.0x10 ™ & 0. 25 cm™/s » KR A SE K515 0.1 & 1.0 cm» AR A

RS ERRZEFSE53 B 001 R 021 KIBARAZEITTA
%12 0.056 & 4.5x10 g mole/em’ + X ¥ 41 % # & 10 £ 4512 4 equimolar
counterdiffusion # X i 47 § F M - (10%)
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10, F @R APFETAMRE - X AERHS  LAFEANE LS
ERL (flooding) - SLURAAE TR EBERAERZ AMAY - £ LAK
ARERA 2R EAHCESRZ 50% - AABAERZAUDETREE
E o B R T AZ MMM (4o Intalox saddles) % 4+6% » fBifl H Hrig
S RME 2 N Ec Ba s g EH - WX ¥ N, (number of transfer
units based on overall mass transfer coefficient of the vapor phase ) 2 %% -
(9%)

1L (1) e A A WAL P > # ya yb  V SRR EARAMZETRE
HEFG 2 - BRAEAET 5% - ¥X A% xa-xb L 43K ER
BZEMERET G2 -BREREFT»F - LHn% - XFH a8
(FHFEABH AAENLV @) TRANKERLERAS T T
HRLEREERET o EMNZTHNGAE RS HLRTHGH N &
H-ANOERREMzEaFRAR LS RESE (HAME) - (5%)
(2) % L/ A2 AR RS 2B 7L 08 LW 1832 B4 Noy (number of
transfer units based on overall mass transfer coefficient of the vapor

phase) S ~ AU WIRER ZARBEMARX - (5%)

12. BMEUTSES T
(1) #HiEMEEer RELRDMLZEHT BT - (3%)
(2) B AMABI - FREEAEMEH LORAXRAE RN
BT (3%)
(HARMyAKREL 2 BERED - RAMET B AL 18R
7L MM LIS FLE MM (4o dense polymer membrane ) & &+ H
B HE - RRARER AR S BB - (3%)
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Figure 1. Friction factor vs. Reynolds n
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umber for commercial pipe
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Figure 2. Relative roughness of commercial pipe.
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Figure 3. Friction factors for tube flow
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