TR

2 8 %L 98 (ST)



al.170%
'\BG)

¢

3 R R AT % (SD)

(#)J. R EXEHE ] H.»x &
REBRBEAE inm %




ABRH). M. FAE. . F.EZEEHE 2T
B B AESRONIMBELH, (B0 “hrIeT 8
V% R,

& BIHFXE, ARETN BN BT, BAL, B
B Bl ER. TR, SRERTRTRMERN I
R, AR RBET ARG, FRATY % BNTEAS
FTRLFTE, bE—BREOEH. & BRARREE §
(S1),

ABER TR SRR T AT ER, BTELT S+
MR, KT ETREEAARSE,

AR IR A AT, WRY ., EER R X,
BHBEHE, @RE. DRTRE.

CHEMICAL ENGINEERING

Volume 5
J. M, Coulson and J. F, Richardson Solutions to the Problemns
in Chemical Engineering Volume 2
J. R, Backhurst and J.H, Harker
PERGAMON PRESS 1979
OXFORD « NEW YORK . TORONTO » SYDNEY
PARIS FRANKFURT

LA i
vV
JEEETSH (ST
AR R feibn S
REHE: B W
O HER: £ K
# * .
T eRzeskAHR
ERRPELEFASE)

LT L RALE R AT R
FEB R RR AT R
T &

FFAT87 X 1092Y HIZK 107/, T 233 F I 1 —5,690
19854211 AAETEHE 1 fR19854E11 H LB 12k E1 )
Hi—3515063-3751%FH 2. 0555



b 5

i

i}

e TR BEE—RRKFT S, ROSIHE THIR
BMEERE EIE B8 —HNFEPIEHTR
—BiE:

“BIEG—ZRMIANT %A, RITINY, X
PER ERBERBA T RMLE FERLER, HE¥E
TEHEBRTMERAES eSS, LIRS
ERBIREEEW, HEBWRERRRRAN L, UE
AR TE, MAREARBBHER.”

RAMERBE FRERARETSH, HERE (%L
By BTESHEIERME, ASRENTENEERE
B, KBXBERTE-ARINTBEINFEBEE, &
BRESHIE. 2BE5ETHEITEANRS, #FRASL
#.

ik, 45 o B S M 72 3 2 O T HG o O op o ) B ORI T K
W% 00 R — 1 TR IR, B sHE -4~ R A
A, TEHYERIASRE, EAESHAKAT LI
EATW&E. S, RIIFARNG THEATEE, W
BXTARIIM S TRIBR AR, BEBISX A
P ERIHORRE NS BURDINE.

RNMBREOCHBRMRBNEER SR ESTESA
FHBB. HEELSARERAGE, BEURINEBGH
WA EER K, DULSIEBI N EENELERE. BEE

39116



i OMAER BN TRMAMUK DRNIR, BT
St BHEEEATHNRBENIAEFZSHEAL TS REBH TR,
X g 3 7R B .

I R. BXEHH

J. H. %%
1078%

FREHBEAE



RO T RPN
«ees12
s2ee D9
e df
56
ses srrres rerrsanun s ine be ...-.....65
ﬁﬁ@ﬁﬁﬁﬁﬁ%mmmm“mm”m”m
BB B ee e eremnr e e e e e
FE P ereercrerre i i et e e e e
FB B vrerenerrernrerusnneinnes s eiesiee e

Bl AR BB B e e vreerevnnvennnns
v Rl o Sk D

I
ﬁfn A 'ﬂfn

SRRV Y- & LR T TS R

78
82
89

- 118

S srrEsE BNt s I ss e nEn BaE 143
;g\ﬁ Betudaas esaetes arrere eiadn ren e nsnas ot
%H%""' fe e eerarsseeansean asiereaiaaas snnansian sas
?‘ﬁ"’ Seereare tsi banrioerssenntaven s

215
247

+ 269

320

+ 323



¥-% HH 4 H

1.1 —Beidd, DREHERMRE S F, N
Blem, 0% (FED ZF 101tm, 100% (RED) WHEEA
A—EH. RitHERHRHREFIER.

)

fA1.15, FEFHERTHTARE:

d.=1/Z(x%/d)

BANES T A—BELEER

d=100x+ 1 (H1.7)

d,=1/I:dx/d

=1/]:dx/ 100% + 1)

=100/1n101
=21.74m
1.2 REBBRBENE AthEHFEXDT . Hh
BN 0 ~10tm, dn/dd=4 ,%4 ¥ BF § B S 10~100
Bm, dn/dd=100000/d‘, & % HEYRH ., RARERERS
MR, FHAERRGERE FYER,
8235 B A Lo ot 22 0 B AR R ] i IR R B B Y
"
f£d=0~10mPFEEN

dn
dd

=d



2

B n=0.5d%+ ¢, w
K e AR B
HEd=10~100bm 7B EN,
dn 5 7 —4
ai =10°d
ﬁlﬁHﬁ #=cr- 0.33%X10°0 (i)

’é’ld——oﬂj‘, n~o ﬂﬁ'ﬂ&l:‘& (1)45 ¢=0
W =104m B, ZEE;T:\‘ () #=0.5%x10°=50
Eit (i) # 50=c,—0.33%
X 10° X 10~
TR Cz 83. 0
B, %d=0~10mk, #=0. 54
W J =10~1008mB}, 7 =83.0-0.33%10°%d"°
MR, REBoEWT.

d(im) o d(pm) "
0 0 10 50.0
2.5 3.1 : 25 80.9

5.0 | 126 ' 50 82.7
7.5 . 1 281 75 82.9

100 © 50,0 | 100 83.0

¥BERBBRLTHELap

FAREEE—»E, RUBHENN 4 E, BmXts
H—-ME, ITEINHENA R, TBEndifind H,
REHER NE5TE-HMEB - HEMBREEER A T XK
5. -~

si=nd}/End}



%%Eﬁﬁﬂs:%$ﬂ=zmlo éiﬂiﬂﬁ Eﬁ*iﬁ}ﬁaﬂz =X%1s iitP

ol

701

60

50

= 40}

30

20

10

T

0

1

A

40

L
50 60

d (um)

B 1a

70

oy=md}/Emd}
R LA, £HEEIIRZNT:

80

L
90

_s
100

% ] d J ¥y 4 n,d? »n.d,? 3 s x, x

0 0 ' .

20 6.2 20 L | 192 596 0.014 ¢ 0.014| C.0011 0.001
40 0 20 7.6 1155 8780 0.085 | 0.099, 0,021) ¢.022
50 10.0 i0 9.5 903 8573 ¢.066 | 0.185 0.020| 0.042
60 11.4 10 1¢.7 1145 12250 ¢.084 | 0.249] 0,029} 0.071
63 12.1 b 11.75 690 8111 0.051 | 0.300; 0.019] 0.090
70 13.6 b 12135 826 10609 l 0.061 | 0.361] 0.025/ 0.115
72 14 75; 2 14.15 400 5666 0.028 | 0.390{ (.013/ 06.128

=t

74 16.0 i 2 15.35 471 7234 0.035 | 0.425{ 0.017 0.145
76 17.5 ' 2 516.75 561 9399 0.041 | 0.466 0.02210.167
78 519-7 1 2 18.6 692 12870 0.051 | 0.517| 0.030; 0.197




o
n d n, d] ”;dlz ’nldl‘" $ § Xy x
| —

2 | 21.z2| 899 | 19066 | 0.065  0.582 0.045] 0.242
80 12271 y 14,1 | 581 | 14000 | 0.043 | 0.625 0.033 0.275
81 1 25.51 | l28.5| 812 | 23150 | 0.059 | 0.684] 0.055 0.330
82 3151 | |65.75| 4323 | 284240 | 0.316 | 1.000] 0.670| 1.000
83 [100

| 13650 424534. ,

#s 5x EENIHBRBELTEIbS,

i-0

©-8

06
&
x o0d
02
) 20 a0 60 80 100
g (um)
B 1b
HETFHER |
d;,=X ('nld?)/z('n’ldi)=1/E(xl.l}dl)
= (d'dn/|d*dn

¥ 6 <d<10Km, dn=ddd
B10<d<1Q0km,  dn=1¢°d"'dd



10

10 100 10
d,= (fﬂ dad+( 10%d ldd) / (jo ddd +

+ j::ul 0°d~2d d)

= ((d°/525" + 10°U1nd]i") /((d*/ 405" +
+10°( =473
=(2 X10*+2.303x10%)/(2.5%x10°+
+9%10%
= 21.8¢m

T YR RRLEE, HEBERAN, ~BRARKTER
€, WX TFRAFEIHT O, WHKEENE, LG
BEAES _HF -ENNE.

B1.3 BYRR AR BT B —HRE R (R,
SHZHEHERERE D 0 8] 500m B, B AH100%,
FE R BRI SMERE S, KiFERE B 10km g
B, HFRUERZENRTHEESRXENAAN, HEFER
HEHNrRR R Ea &,

1

EHRRE Tz, EESHEMNPFARERK. Bit
400m BRI TLEE T 2 BEES BT R R Bd ) b

. h/40°k s
i E R Rdem Bk, LULIEER MM A
kd*h/40°k=hd?/40° m
B, MERFBEPEEN IO K o K= (1 -4%/
10%), HEHMERFHPHHAEIERRN

¢ )
- :(1 ~@/40) dw

HX&dw/dd=1/50, HRBEHEK



= (1/50)]:0 (1 - d2/40%)dd

= (1/50)(d-d4%/4800)=10.533
BB AP N53.3%

Wl.4 BE-FHETIREOOBE T B %J 0.0052 &
0.025mm, AXKLER2.65, FBTHILENT.5,

EEHIEES THEBADEK RGN,
AREBa™mn, B REA%E, —BoaXnyray
BeY, B-BoREeHEs . RABaERS] fyH
KR ERRENE KT -

MR A37, HFUEBER

u=pd?> (0,-0) .

X ER KRB %=k x0.0252 (7.5—-1.0) -

| =0.00406 2 mm/s

SR /NER w =k X0.00522 (7.5—1.0)
=0.000175% mm/s

MRAEGH %=k x0.025% (2.65-1.0)
=0.00103%4 mm/s

% NA J AL # =k %x0.0052% (2,65-1.0)
=0.000045-k mm/s

W Pl 0.00103 A mm/s §5E BT RS, "IJI%*B?"nn
WEARAXE, MEFERTHPNTET NERBE N,

0.00103 £ =kd? (7T.5-1.0)
d =0.0126mm

R, %4WisiDl/NF0.000175% mm/s iy 3 B 0l K&

B, MIGE~REESA/TE, HEBFHPAXMENY



i)
0.000175 k =kd? (2.65—-1.0)

Hp d =0.0103mm

El, ZEHRN, BEERPREMFHRTHEENE
24 81%: 0.0103~0.025mm#10.0052~0.0126mmn

B1.5 FREERLE R ERE N 0.015mm 2
0<065mm [AE-FRT S BR_MAmAF. KEEERRN
EMHEENRERABERLFHIE KBHEXRERY
W B /N BE A 2 |

iy HE= 7500kg / m?, E%!@fﬁ - 2650kg/ m?)

"

W RE XER KRR, MhX1.31, EHR
RET, s =0.5, ERFAMHEEL:

(0.065/0.015) =C(7500—p)/(2650 - p)]”

p p=2377kg/m’ |

T7E 765 MBI, fR1.81, s =1, WHMEE
0 B |

(0.065/0.015) = (7500-p)/(2650-p)

il - p=13196kg/m?
ﬁﬂﬁﬂﬁﬁﬁ%ﬁmﬁﬁkﬂd\ﬁﬁ%1196kg‘/m , XRBE
EESWHRET. NBKEMK, BHEBEA, WA
FARDEES, WM B P K237 kg /m?,

1.5 AEUhREEENEE, SREkRE &
R SURORL BE A 16 B 2 PR, FE VIR TRR U By B A 4 K

 TERABCREEMGH B AN EHEEMSA, WKk
EHNBERERUFBIEREMREN S, FHH L XE
EJ\O ﬁﬁﬁﬁﬂi‘lﬁ%’ HILEH2.65,




4 Ik kY BWETEE, #m TR
|
0~2 2000 12~16 15
24 600 16~20 . 5
4~8 140 20~24 2
§~12 40
-

W RN R B AR TSNS 1.2.2 W
ik, MEZ, ARRERTIESMGBE, & T B X

Ay, AT BE RS AT IR B ML B e O B AT Y R

LB o 4 B R G R Y

%/ =nmkid}p,
AR HE, w BB BIBRLE, 0,08 UL Y 8 B = 2650
kg/m®, HILBRES KA

Xt =%|k|d:p;/2%depI

I B

a n kdinp, x

1 2000 53000004 0.011

3 600 429300004 0.090

8 140 801360004 0.168

10 40  106000000% 0.222

14 15 109074000% - 0.229

18 3 172740004 - 0,162

22 2 564344004 0.118
T =4771484004 L =1.0

el




BAL. 4R EBEEEHERN
d, =X (”rdf)/z (md?)
HRTEMT ZH R,
a n nd? ndd
1 2000 2000 2000
3 600 5400 16200
6 140 5040 30240
10 40 4000 40000
14 15 20940 , 41160
18 5 1620 29160
22 2 968 21296
¥ =21968 | L =180056

d,=180056/21968 =8.204m
BB H 5 & YR A R b 2w SRR,

B8 20umBk B BB = (7/6)x8.20°
= 288.74m?

| Eﬁé 8.200m FkL &) £ W B =7 x8.20°=211.28m%
B

H#H=211.2/288.7=0.731¢m"*/km?
[ 0.731 x10°m?*/m?

B1.7 WEERBRSBOEE, THAARSED RY
BAE, I ERRERY R AT EO N ERET. BR30
PHE RS RESATRE, 2 0T HE




10

BASZ2  0.025 0.006 0.015 0.018  0.019

BEHNHE(G) 30 60 90 120 150

EHaMASAARAY20%(ER), fﬂiaﬁ?m
BHA L1008, RN FBEAYNIRAR &, 3
BEE AR RE AR R AL,

B

WEEABRERE, - \

si=p (1 -9 | (X1.23)
=0.20 (1 -0.20) =0.16

X‘fm%l‘ﬁml’i{ﬁﬁ'&'%

st=p(1 - P)/n | (#1.22)
=0.20 (1 -0.20)/100=0.0016

BAEMAHRAL20RE, &

M=(s}-s*)/(s5 — 82

lif:in] M=(0.16~s*)/(0.16 - 0. 0016)
=1.01~6.313s%
B E A EIENT.
t(s) | 30 50 90 120 150
s 0.025 0.0866 0.015 “0.018 - 0.019
M 0.852 0.972 _ 0.915 0.896 0.890

tﬁﬁ%%?@ lc, AR E#“GOSB‘Iﬁ“ﬁk{ﬁo -



BEE. M

0

0-95

090

085

11

g

— —1 0020 |,
Wy
M

i AR
#

— O-CI0
- X .
o 30 o0 30 120 150

REPHT, 1)

B lc



