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1. p-=101.3kPa, p =1000ka/m°, p ;=13600ka/m>, R=120mm, H=1.2m
Pa Pa Pa Pa

A
1-2-3
PA:P1+p g (H-R)
P1=P2=P3
Ps=Pat+p iRg
Pa= Patp iRg+p (H-R)g
Pa = Pa - Pa
2. R=130mm, h=20cm, D=2m, p =980kg/m®, p =13600kg/m®
W
(1) u=0
) P
Hp g=Rp ig
:%n D2 (H+h)p
3. T=20 p =880kg/m*, H=9m, d=500mm,h=600mm
(1) F N
2) P Pa
(1)
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F=P- A=p g(H-h)- %n o

(2) P=p gH
Hs=500mm_p =780 ka/m®, p_ =1000 ka/m®
H m

n—l_!n e

[
sPp—8=rq

AH=Hg-—

6.

p

p i=13600kg/m®, p =1000 kg/m®, h;=1.2m h,=0.3m hs=1.3m
h4:O.25m
A PAB(Pa)

Pa-Pc=(hi-ho)(p i—p )9
Pc-Pe=(hs-hs)(p i—0 )9
Pa-Ps=(M1-hoths-hs) (p i—p )9

ZA:ZB
A PAB:A PAB
D=9m m=10t
PA h
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(1)
Pa-Pe=R (p i—p )9
=H@PE i+ )9

2 pi>p

Pa-Ps=H(p i—p )g>0
Pa>Pg

PatZap 0> Ps +Zgp 0

Pa>Ps+(Zs-Za)p 0> Ps

2

d
P, =P, —hg(p,—p) - hgplg

1-1

P,+hog=F;+Ahpg+hp,g 1

Ah-ZD2 =h.Z¢?
4 4

2
Ahzh-% 1

2

d
P,+hog=F; +h'Fp19+hng

dp=p (Xdx+Ydy+Zdz), P|h=o=Pa, T=const,
h

X=0 Y=0 Z=-g dz=dh
dp=-p gdh
_ M
"RT
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11 @ 114x 45mm P=2MPa( ) T=20 Ovo=6300m*/h
( )
u gn G
1 Pg=nRT
T, P
Ovi =0Ovo X T—(l)x P:
U= 1qv1
“nd?
4
pM
2) p=—
2 p —
G=u-p
29
3) pp=—n
3 po 224
Om =Po "o
12 oqv=60m>h  da=100mm, ds=200mm, hag=0.2m, p i=1630 kg/m°,
p =1000 kg/m®,
1) R=

(2

S P =Py —Pg :g(ué _U/ZA)

A Pea=Rg (p i-p )
(2 Ua Up
A Pga A Pea=Rg(p i-p )
R

13 d=200mm, R=25mm, p ; =1000kg/m®

p =1.2 kg/m®
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av(m*/h)

Pi=P, z=2z, u;=0

a-e:%@
U PrP2=Rg(p i-p ) (
1
qV = Uz anZZ
14 H=0.8m h=0.6m D=0.6m d=10mm
0.5m

. B I
a.dm

A2 i
1-2
2 2
ﬂ+gzl+h:&+gzz+ﬁ
yo, 2 p 2

Pi=P,=P; 2,=0, z,=H-h=0.8-0.6=0.2m, u;=0

~. U, =4/29(H =h)

Uo=ColU2
0.5m<h=0.6m

Co=0.62
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Tp2x05
4

ST= n
Z d 2 X UO
15 qu=3.77x 10°m’/s,d=40mm,D=80mm,R=170mm,p =1000kg/m’
H(3/N)
1-2

2 2
i+u—1:i+u—2+hflz
p 2 p 2

P>-P1=Rg(p -p )

SN = dtali +1(U12_u22)
P 2

16 30 d;=20mm, d,=36mm hs,

|
Iil
L
|
(=
—I—-;_n—--
5

P u P u
—+0Z,+—=—"+0Z,+—=
p 2 p

I:)1:F)2=F)a U1:O, 22:O
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SoU, =4/207,

1 1-2 ’
&+gz +u—12—&+gz +u—i
2 p T2

U1:O

P u?
B =lg2 +—2) - 2,0+
p 2

2
(gzl +E) ng+u_x I:)x = I:)min
yo, 2
17 P P-P. A1 Az Iy
u W

n’;’; A,
1 2
2
E_BU_EU_[A_]
p p 2 p 2\A,
2 2
R-P _u|(A 1
P 2|\A,
2(R-PR)
1 2
p(AT-A;
uzziul
A2
18 P,=P; ,=0.025m%s d;=80mm, d,=40mm, P;

p =1000kg/m’
(N)

=0.8MPa,
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P1A1-F-PoA= gup (Uz-Uy)

P, = 0.8x10° +1.013x10° = 9.013x10°(N/m?)
P, =1.013x10°(N/m?)

F= P]_A 1- PzA 2-QvP (Uz- u 1)
19

ALY
h=|1-21] .2
A,) 2

Fr=P1(A2-A1)

PA,-RA,+F = pAzug - /0A1u12

Fr=P1(A2-A1) P UWAI=Pp WA,
Po-P1=p Uz(U1-Up)
1-1 2-2

2 2

P
L +gz, +—+=-2+0z, 2 h,
p 2 p

21=2>
_ 22 22 TR Y
h, = P-F + u, —u; =u,(u,—u,)+ u, —u — (U —u,)
P 2 2 2
20 dj=0.04m, u;=20m/s, us=0.5m/s, D=0.1m, 1
2 1 2
(1) u

2 U R

Py
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(1) qu = qVS + qvj

T
qu = us Z(DZ _dlz)

'
g, =, .2 d?

4 I
Ovo
Sl ===
2 A2
@ 1 2 !

(Pl - PZ)A = qv2pu2 _qvjpuj - qupus

P,-P, =R(p; —p)g

R= Pz — Pl
(Pi_p)Y
21 u=0.8m/s D=100mm d=99.96mm L=120mm
F
I A A R
f
S
dy
0 = D-d /2=(100-99.96)/2=0.02mm
0 <<d, T =const
% aUuE const
dy n

M =100mPa: S

10
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du_Au_0-u
dy Ay 0-9

F =T-A=ud—u-ndL
dy

22 Quap=3.5m1  d=1mm T ,=80s,

b c
P=P.=P,
Zbg=ch+hf

32wz, 32uvZ,,
Zng = :2 be = > b
P d

2
v= od
32u

_uw
v

r \7
23 u/u :(1——)

Re

latm a

b

11


Administrator
高亮


ggd

1 ulu,,
(2
R
_ J. udA I u-2zrdr
u=2A _Jo
A A
Xx=R-r dr=-dx

i u- 2mrdr
Jy u-2mdr
A nR?2

J.R u,, @ L)]/7 - 2mrdr
R

0

2U ..

_ O X\ B v\(—
R? R(R) (R —x)(=dx)

= 2u,, [} (9)77@-2)d)

| —
=2u ., [(E+D(=+2
ma /(S +D(Z+2)
o= 1 J' u3dA=(um_aX)3.ijo(l)3/7.27;(R—x)(—dx)
udAA u nR?R'R
24 u, p, o, B,
-
A
1 |
4 1]
i: |J|
‘_I‘ L
/
Jld &
10
L
d, _ pgs°
B 3u
H B y

(yBH)p g-t BH=0
T =yp g

H,

12
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[y o
TN= IA udA = E uBdy

25 H=3m, d=50mm, & =0.2mm,|=8m, 90°
q.=20m’h T=20

| &£

@ 12

2 2
E+gzl+u7=i+gzz+u—22+ h,

P,=Pa, z,=0, z=H=3m, u;=0

2

P( =Pa—P2=(Hg+“72+hf>p

Gy
nd?
4

u, =

! 2
h, = (ia‘kzg)u?

Re=du—p
7]

s/d=%
50

13
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7 =10 90° 7 =0.75 Y 7 =10.75

2

@ K =<gH+“—22+hf>p

qut  ut  he P 1
26 d;=50mm, 1;=80m, 90° 5 d,=40mm, 1,=20m,1/2
T=20 ( ) q=3x 10°m’s
Z
e
1-2

P P i
—1+gzl+—:—2+gzz+ﬁ+ hi1,
o, 2 p 2

Pi=P,=Pa, z,=0, z;=Z, u=0

_ U3

Zg —?‘i‘ hf12

d
u, = ul(d_1)2
2

20 p=1mPa- S € =0.2mm
Relzw
1)
Rezzdzuzp
1)
s/d2=% s/d1=% A Ao
40 50
90° ¢ =0.75, 172 ¢ =4.5

u;

| u? | u?
Z==24+(N,1+ (-2 2
25t Pag t Xl e+ 2052

¢ =0.5 ¢ ,=0.18

14


Administrator
高亮


27 ,=0.10m*¥min

) 8 90° p =1830kg/m’,u =12mPa- S
| C
|
EETY
P (MPa)
1-2
2 2
ﬂ+gzl+u—1:&+gzz+ﬁ+hf12
2 p 2
Py =P1-p= P1-P>, z:=0, z>=H, u;=0
/ u’
h,=A=+0)—2
12 = ( g 9) 5
u; I
P =pgH +—2p(h—+C+1
PY 2p( r C+1)
28 u =30mPa- S,p =900kg/m*, d=40mm, 1,=50m, 1,=20m,
P.( )=0.09vPa, P, =0.045MPa, 1/4
(1) av
2 P P
P
=t
| S
Pa
B
T T el
)
(1) Z=0
Pa=P;tP;
Pg=Ps+P>

14 A-B

® 38x 3mm H=10m, [=20m,

, 1e=30m

15
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A+ A ="B 4+ B 4¥h
p 2 p 2
>1 u?
UAZUBZO th:k??
L
pud
Py P 324E1-u
p p dp
=PA_PB 2
32uz/
Re—PUd
71
(2 ut
2
ﬂ_Pl i|_1+é’)u_
yo, d 2
Pa Py
u_2+&:i+/1|_2.u_2
2 p p d 2
B /1|—2>1
d
29 T=20
Qv

2

ﬂ+gzl+i:&+gzz+
2 p

P1:P2:Pa U1:U2:O Z]_:H, 22:0

2

| u

gH=A— —

=492
E/dzo'—(;sz0.00Z

2
Y2
2

v
d 2

A =0.023

H=5m, P;=P,=Pa & 32x 3mm & =0.05mm, |I=100m

16
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>

A y< |29Hd
VAl

30 d=2m,e /d=0.0004,p =0.67kg/m® u =0.026mPa: S, g,=80000m/h,
p 4r=1.15kg/m*> Py =0.2kPa
H

Har
.‘?F': 3—3'#.

1 2

-l-'_ﬂ'

2 2
i+gzl+u—21:i+gzz+u—22+2hfl_2

di=dy, u=uz
2,=0, z,=H
P1:Pa- P1
P2: Pa'p ar gH
H

2
u
2hf1_2=7¥'g'7

€ /d=0.0004, A

17
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_Pl( —Par 9 +gH+hiu—2
p p d 2
P <p
p p P, O
H , Pi ,
31 A=3m?, h=2m, Ho=4m, [=10m, A =0.022,¢ 32x 3mm
=7

T |A H=1n

-1 22

2 2

5+gzl+i:&+gzz+ﬁ+2hfl_2
2 p 2

Pi=P,, z=0, z=-H u;=0

Sh, v
d 2
2
H = (12
d’ 2g

—dH-A=u-%nd2-dr

32

q=2.5x 10°m%s, P( )=0.2MPa H=6m,p =1100kg/m°,
® 40x 3mm,L=50m,A =0.024
He (IN)

18
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2

2 2
i+ zl+i+ He:&Jrz2 +ﬁ+ﬂl-u—
Jo 29 Jo 29 d2g
Pi=Pa, P,-Pa=0.2MPa, Z,-Z:=6m, u;=u,=0
33 Zan=6m dBc=600mm, IBC=3000m, dCD=dCE=250mm, ICD=ICE=2500mm,
A =0.04,
Qv
qQv=Qvec= Qucot (vce
U1d12= U2d22+ u3d32
he=hes
oyl o2 el o
d, 2 , 2
=1, d,=d,
u, =u,
_ Y ﬂ 2
A ( OI2)
A A
Z.. = xl_lu_f l, U
VY

1

=7
Qv )

34

P
29 d,; 4d,” d

d, 29 d, 2g

2

2
2
d;-u,

IAB=6m, d1:41mm, IBc:15m, IBD:24m, d2:d3:25m, A =0.03

(Davi aqv2 Qvs

)

D Qvs

19
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o <3
000
@»H B

us us

hf2+?2=hf3+73
2 2
(z;—2+1)“—22=(/1'—3+1)”—23

2 3

Ovi1=Qv2tQvs
U1d12: U2d22+ U3d32

C
2 2 2
Hg:ﬂl_li_kﬂl_‘?&{_ﬁ
00 “0."6" €
2 D
Ovi' =Qv3’
u' -dd=u,' -d? ,
C
2 2 2
Hg:ﬂl_li+ll_3ﬁ+ﬁ
d, 2 "d, 2 2
35 dg=dc=20mm, I[g=2m, Ic=4m, A =0.028
(1) ¢ s8=C c=0.17 Qve/Qvc
(2 H ¢ 8=C c=24 g ve/d'vc

©)

T
' t

B L

20
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(1) 0

2 2

u u
th"'?B:hfc"‘?C
'(ll—B+§ +1)u—é—(/1|—c+§ +1)u_§
s e T e Uu

Qve Qvc H

36 Om=5000kg/h  L=100km, d=300mm, P,=0.15MPa( ) T=20
A =0.016,p =0.85kg/m*( )
P1
2 p2
ﬂ+u+}\ILGZZO
P, 2PRv, 2d
1 1 T P, 1 293 1.013x10°

G?In

Vl = . — = X X

p, po T, P 085 273 P,
~1.28x10°

R
G=n

A

Py(

37 d=300mm, M=60, T=40 , P=101.3kN/m? p =0.02mPa: S,
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M P T,
p= X —X—
24" P, T

gad

y— [29R(, -p)
P

U = \/Zngax (p| _p)

38
M =0.6mpa- s
Qv

p

d=5cm, do=25mm, R=220mmHg, p =1050kg/m’,

o[
m=(=2)? =(=)*=0.25
bV Sl

Re;>Re; =8x 10*

1-54

Co=0.625

s u,=C, / 29R(2i -p)

0oQg
u=mu,
Re, = P14
1}
39 Ovair=400~40001/h p ;=2670kg/m®
qvcoZ

qvair
p <<p f
PP, =P

pc02 (pf

C]vco2 \/pair(pf _pcoz)

_pair)

P +P air—P ¢

22
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. qVCOz _ pair _ Mair
Qvair Peo, Mco2

g

goboboboboooowygoooobo20ogg
go3nobooou4duuuooosbobobooga
el oudr7ooooosoooooaogd
goboboboooooad
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哪种妹子是你最爱：1、连衣裙妹子；2、性感妹子；3、学院妹子；4、素颜控妹子；5、卖萌妹子；6、吃货妹子；7、电眼妹子；8、邻家妹子；9、阳光妹子。　　　　　　　　


1.

A Z=10m, Py( )=0.06MPa ® 57x 3.5mm,L=50m,

p =1200kg/m®u =2mpa: S, =0.3mm

D

(2) @=30mh He Pe

-
Ein

[ =+

= =L

_H.

(1) A =f(e /d)

€ /d, A

SN, 00D00O000D0D1000000020000
H.=Az+ 2g + nzdsqu 003000000400000005000000
. g 600000070000008000000900

(2) q=30m’h 0Oo0o0oo0ooooooong

Ho—aze Pl ), B
pg  ogn'd
Pe =H e 4, P9
2. D=0.4m, H=0.2m, n=1000r/min, p =1000kg/m°,
1) P=f(r)
P r=R u2 r=R
(2 — e
r=0 g r=0
W
I — =

0.4

26
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哪种妹子是你最爱：1、连衣裙妹子；2、性感妹子；3、学院妹子；4、素颜控妹子；5、卖萌妹子；6、吃货妹子；7、电眼妹子；8、邻家妹子；9、阳光妹子。　　　　　　　　


pa’r?

P+ pgz - =C

2.2
r.O

®
C:P0+pgzo—p >

PR(C ) 0 2z=0 r,=0
C=0
5 P_l 2.2
o —Epco r°-—pgz

Z=70=0,
2.2
@ Pipgz-P2T _  _o
2,2
P:(P+pgz):'0w2r

B a\V allF

g 29 :2_g 00000000010 00000020000
0030000004000000050000

r=R r=R
n & i 0060 0000D070000008000000
P9, 29|, o000 0000O0DOooO
3. q=71m%h, P;( )=0.029MPa P,( )=0.31MPa d;=d,A z1,=0,
p =1000kg/m*,P =10.4kW
HEar]
(1) 2
2 2
i+zl+u—1+ He:&+z2 +ﬁ
P9 29 P9 29
di=d>, u=up,
- He= Pz_P1= Pz( +P1
P9 P9

@) n= P. _H.q.,p9

4. ® 70x 3mm, Lag=15m, ® 60x 3mm, Lcp=80m, A =0.03,
A z=12m, He=30-6x 10°q,?,
qV1 q‘V

27
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D gobobobbbuogigoogobbz22bboodd

o4 0uubbbosbbooooded
Al gopobo7oobooosgoooooeooon
guooobbooogd

o

D

H=A 243 H=A 7+ A(otze, Bleo

_l’_
r?d;g  7’d3g

)a;
Qv
@ 3m Az=15
5. APlpg d lg u.,p He=A-Bg>
Qv

AP L 8q’
:——|—ﬂ,—'—v AP 8L
pg d® z’g G, =[(A-—)/(B+i—5 )]
He= A- Bg? £9 7d’g

H

N

| APPpg d lg.,u,p.AB

Ao =[1.74—2Ig%]‘2

AP 8L
5 Gy =[(A=—)(B+ A— = I*
9 z-d’g

_4q,p
urd

Re

Ao | Re>2000 ———»{ A =64/Re |

18.7

Rey/A

=1.74—2Ig(%+

L}
Ja

<

\ 4
[ A< |

v
28
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q l/mn [0

1200 | 2400

3600

4800

6000

He m |345

34 33

315

28

26

A z=5m,L=360m,d=120mm,\ =0.02,

Qv Pe

A P=0

H

AP 8LL

=—+Az+

pg n’d°g

qmls| O

0.02

0.04

He m | 345

34

33

H m 5

14.6

43.21

Qv He
‘H(m)

40
30
20

10

0

Pe=quHep 0

7 He=20-2q,° He m @, m/min

Z15=10m
a,=1.5m*min

A e
0. 02 0.06 0.10 Qy(m3/s)

A =const

_AP
e

H

2

a

gobobobbbodoligogooboo2bo

goboo3sgnooooo4oonobooosn
gobbobebbuodoodrononbonobsh
gobooboboshougoooobooobod

AP
+Kay :E+A212 +Kay

A P=0 A z;5=10m

He=10+K q,?
q=1m*min  He
He K

ov=1.5m*min

8. n=1480r/min

a.=1m%min

29
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1 Qv
2 n'=1700rpm v

(1) v mImin)
H =£ . =16.8+ ;LL i( L& G (q_V)2
o]0} d 2g'1 nd? 60
4
H=H,
g, = 0.178m*/min
2 n'=1700rpm
H' n oon
ZEF ) =)
H, n g n
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A =0.14W/m- K, Cp=1.8kJ/kg-

a
Re = % = G_d Pr = C pl"l‘ L
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o= 0.023% Re%8 Pr %4
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a
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A =0.0364W/m- K.
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P
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16 T=400 ,T,=150 , € =0.65,€ ,=0.90
A B 1-AB-2 T5=327
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y 5
y [
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A]/AZZI
0 =0, =1
R 6706 6
e
100 100
& &
1-AB-2
Q Cyx10°1* 1"
A l_i_i_l
€ &,y
C,x107°[T - T,
i+i—l+i+i—l
€ &, €, &g
1-B A-2
Q  Cyx10°¥|1,4-T,' |
A i_i_i_l
€r &

_ Cyx107°[T T,
i+i—l+i+i—l
€ &g €, &,

1 2 Q/A
1 1
o S 4_T 4
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Ta ve @@ Ta

100 100
2<p(1—1) +1
€

fa)

100 100
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€ ¢

C{(TA) (T) }

Q, 100 100

& 2+l
€

Q
A

o )]
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Feof{)

18 ® 25x 2.5mm A =45W/m- K a ,=2000W/m*: K,
a =50W/m* K,
D
@) u K’
@ u

2 o u0.8
a ’=2%8%a =2%%x 2000=3.48x 10°W/m*- K

K
K'=K
K
(3)  a ’=2"%a ,=2"%x 50=87.1W/m>- K
K
K''=K
K
K
a
19 ® 68x 4mm, A =0.08W/m- K,t =20 o ;=5000W/m*- K,
a ,=10W/m* K,
(1) W
() t

(1) d;=0.068-2% 0.004=0.06m dy=0.068m
d>=0.068+2% 0.03=0.128m

=il
K= i%+$Ind—2+i
o, d, 22 d, a,

Q=K,A,(T-t =K,nd,L(T—t
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0.2MPa T=133.3 ,r=2168.1kJ/kg

K,(T-t =a,t, —t

w

Sty =T ot 4t
a,
20 d=12m t=-196 A =0.02 W/m- K, t,~28
t =32 ,a,=12W/m* K

)

Q=oa,md’(t —t,)

Q=1 AnAt _ A nd.,d, (t, —t,)
)
Q o)
21 @ 28x 2.5mm,A =45W/m- s
a s a
K
(m/s) 1.0 2.0 1.0
K(W/mz- K) 1200 1860 1100
(H 1 a1 O 2u-2ms
2 2 K

(1) Kl,() u=1m/s K, Kz,() u=2m/s K

1 1 d,, d, d,
—=—+4+—In—+
K, a 20 d, a,d,

(1

1 1 d,, d, d,
=—+—In—+—
K, a 20 d, a,'d,

0.8
u
0.8 v 2,0 _ ~08 _
o, cu o, —(—] o, =2""a,=1.74a,

1 1 d 1
. e Cge tH @Ma © 4
Kio Ko d a, a, d,a, 1.74
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a,

a,'=3.05x10°W/m’-K

1 o,
(2) K
1 - = 1 +R
K1,0 KlO
22 d;=0.34m, t;=38 ,T=100 A =45W/m-
a =500W/m*
Qmax 6
At At
Q=—=——_
R 6 11
A o A
A t=100-38=62 ,d =r-r,, A=4T rr;
_r—g 1
A, o4’
R Qmax
dR 1 1 2
—=—|—=-—1|=0
dr 4nAr° ar
r=& 0 =r1 Q.
a
23 A=16.5m", qmx=2.5kg/s, ;=20 , =30 ,T=80 , t,’=26
R
-1
t=§(t1+t2)
Co
t2 t1
Q:qmchz(tz—tl):KAAtm:KA Tt
4
In
T — it}
pRe nmtet (1)
A T-t,

2
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2 a
a
1_ 1., gotl 2
K' K K' K
24 ® 25x 2.5mm , =20 , =55 ,qmo=15T/h, u=0.5m/s,
Cp=1.76kJ/kg:-  ,p =858kg/m’, T=130 ,K=700W/m*- K

n, L
qm2=15T/h=4.17kg/s

T .2
Opp =N-—d”-u,-p,
4 0000000010 oooooo20o0g0gogs3ono
n= Um2 O000400000005000000e00DOODODO
Edz.uzp2 T000dggsgoooooooooooooooo
OO0

Q = quCpZ(tZ _tl) = KAAtm = K'nndo LAtm (1)

25 qm2=90kg/h t,=38 , t,=138 ,d=53mm D=78mm & =2.5mm
t,=150 ,u =0.027mPa- S, P.=1
L

Q=0AAt_, At e mt) =@y 7t)  t ot

nix =t e =t
t, —t, 80,
Q = qmchz(tZ _tl)
A = ndL = dm2Cr2 (t, =) _ dmaCr In t. 4 (1)
aAt o t, —t,
Re=d_6=ﬁ
BTy
4 B

o= 0.023& Re% Pr o4 = 0.023-PH Re® pr 04
d dPr

1

L = Om2Cp2 In tw _tl
nda  t,—t,
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26 A=A=A K;=K,=450W/m’- cp1=2.1kJ/kg- T,=138

T2:93 o t1:25 . t2:50 o t3:65 . qm2:2 o 5kg/S qms:O o 62kg/S
qm5 A

M, 138

N ~
2. 5kg's ﬁi]-l— LT_‘:iT I—r

93T

1 f=%(t1+t3) Cp2

Ona=0Qn—Cre=2 .5-0.62=1.88kg/s
Qscpi(T1=T2) =CreCp2 (T2~ t1) +Qncp2 (- T2)

_ sz(tz _tl) + Qm4(t3 _tz) c

S Cpy (T, =T) ”
(2) ququ1+qm3:4-O ( 1 )
qmacp2(t2-ti)=qmicpi(T-T3) (2)
qmacp2(t3-t2)=qmscp1(T1-T4) 3)
Atml _ (Tl - tz) - (T3 B t1)
|n Tl;tz
=0
Ath _ (T1 - ts) - (T4 - tz)
|n Tl;ts
T,-t,
M _ QIKA _Q @
At., Q,/K,A, Q,
1 2 3 4
T3 T4 qml qm3
5 Qp =02Cp, (L —t,) = KAAL
A
27 qmi=1.5kg/s 1r=395kJ/kg T=60 n &25x 2.5mm,
t;=25 Np=1
(D qm
(2 n L u=lm/s
3) n Ne’=2  Qu’
1 At,>10 t

t=(t, +t,)/2
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P cp, A M, Pr
qmiT =qm2Cpa(t2-t1)

qml'r
Omz = ——
? CPZ(tZ_tl)
) 1m/s
n= Qm2
0.785d ?pu
n
qm2
G=pu=—"m2__
P = 0.785d%n
gooooooobo1ooooooga22boono
R dG 0030 0000040000000500000¢0
e_T U dogg7oooooosgdgggogenn

N Do0O0ooooooooo
o= O.O23ERe°'8 pr

K=za

QmCpa(t, — 1)) = KA%

=0,
Tt =exp( J 1
T-t, 9:Cpo
Az G Tt
K T-t,
Lo A
nrd
L/d>30~40
(3 K
K=aocu™ Ny
K (N
=== S K'=a™K =1.74K
K (N
r
1.74
T-t, ( K'A j (1.74KAJ (T—tlj
- =exp = exp =
T-t, Am2Cp Am2Cpa T-t,

t’
qmir =qm2Cpa(t2-t1)
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C]' ml _ t2'_t1

Om1 tz - t1
28. A=20m’, T=100 , t;=40 ,qm=0917kg/s, cp,=4000J/kg:
K=125W/m"-
Jm
100 r=2258kJ/kg
t, =t
= — = KA =2 —=1 =
Q=GmaCpul, =) = KA~ =0,
o I = Ig

q. = 0>Co, (L =1,)
" r
29 ® 19% 3mm [=2m dm1=270ke/h  T;=100
cp1=1.88kJ/kg- ao=360kg/h t,=10  K,=374W/m*>-
S D
Cp=4.18kJ/kg:
1-—exp[NTU,(1=-R))]
1 £ = - -
~ R, =exp[NTU,(1=R,)]
R, = Q€1 _ 270%1.88 0337
q,,,Cpy 360x4.18
NTU, = e
qmlcPl
) 0000000001000000020000
A En 0030000004000000050000
g Ooe000000700000080000
T,

qmlcPl(Tl _Tz) = qmchz(tz

m C
oty = dmCer )4,

quCPZ

2

goooobooooooooooad
_tl)

Q = qmlCPl(Tl _Tz) = qmchz(tz _tl)

T1 _Tz _ (quP)z
tz _t1 (quP)l
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(Tl _tz)_(Tz _tl)
T-t
Tz_tl

-'-|nT1_t2 _ KzAz |:1_ t,—1, j|: K2A2 |:1_ (quP)1:|
T, =t OniCey T,-T, 0m1Cp1 (A4Cp )

Q = qmlcpl(Tl - Tz) = K2A2
In

Tl _Tz T1 _tz

tz’:100

T, t
t2 - tl Tz - t1 P
-1
t= E(t1 +1t,) Cp
30 T=110 =30 , =100 ,qm=1.5qm2,
(@8] 7%
(2 t,’=100
t, -t
€y Q:qmchz(tz _tl):KA?
4
In——-
T-t,
T-t
L= exp( KA ] 1
T-t, Qm2Cp2
T-t, ( K'A J
- = exp| —
T-t, Q'm2 Cp2
K=a,cq;
N
K'_[qsz K=15".K
qu
T -t 153 KA KA T-1,)"
L= exp[—} = exp(0.922 ] = ( 1)
T-t, 1.50,,,,Cp, Om2Cp2 T-t,
t’
(2) T
exp| —
q m2Cp,y
T'—t, ( K'A ]
= eXp -
T -1, 9 m2 Cpo
T P
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31 A=0.4m°, T,=75 T,=65 t,=30
t,=45 o ,=4000W/m*- ,d=25mm,\ =0.56W/m- ,u =1.8mPa- S,
cp=2070J/kg- ,

Jm1,max
T, 65 qmi Jm1
T
qml,maxXCPl(Tl_Tz):KAAtm
qml,max K (1)
R _dG_4qml,max
e_T_ ndp gbdododooblioooooono20ooooo3noon
gb4000ogoosgouodoedodooroodnn
Cop gosgododoogutdodoooooooodao

Pr =

A

a, = 0.023% Re”®Pr® q.,

0a0p0gy @
K o a, qr?ﬁ.max

(1) qml,max
32 T:=100 t;=40 T,=80 t,=60

T, t
UmiCpi1 _ tZ_tl

Om2Cp2 T1 - T2

(Tl _tl)_(TZ _tz)
Tl_tl
Tz_tz

qmlcpl(Tl -T,)=KA

In

T, -t
(T1_Tz)|n : :
KA T,-t,

Omi1Cp1 - (Tl - t1) - (Tz - tz)

qmlcpl _ t‘2—t1

Um2Cp2 T1 -T>

A t=T-t,°=T,-t;=A t,
A tm:A t1:T1-t2’:A t2:T2,-t1 (1)
qmlcpl(Tl-Tz’):KAA tm:KA(Tz’-tl)
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KA

=T _T2'= (Tz '_tl)
9 miCoi
TZ’ ’ 1 tZ’
33 K=K, A;=Ay,
T ta, tb
T [qas -
"l
A
L ¥ i“'
T@"_
1 1
Ty
In T,-t, KA (1- 9miCpi

A lnTl_ta KA

T, =t quCp 9m2Cp2

Jm2a=9m2b T,= 150

Tl Ty

T-t, 9 miCri

(1- 9 miCp1

quaCP2

T -t _ KA (1- 9miCpi

B In =
T,-t, quCu 9 m2uCp1
Tl _ta — T_tb (1)
T-t, T,-t,
(quP)l __a _tl
(quP)Za T1 =T
(quP)l — tb _tl
(QuCp) T-T,
_ ta—30_tb—30 @
T150-T T-40

1
8, =§(ta +t,) =90

(H2)A3)
T, t. tp

©))

=90
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;=25 T t,=110

34 T=120
T =21 , A
t’
Q=KA T-t
dt
=Gc, —
Q " dt
do— Gce, dt = Ge, dt
Q KA T-t
T=0 t=t; T =T T =t
Ge, ., T-t,
T:KAlnﬁ 00000000010 00000020000
0030 0000040000000000000
T o0 00oo7ooooUuosooouoooogno
m Wy 000000000000
.—:2: 2
t In -t
_t2
t's
35 G=6000kg cp;=4.6kJ/kg- ., T;=100 ,T,=60 ,t;=20 ,qm>=1500kg/h
A=6m*K=230W/m>> ,Q =0 cp,=4.18kJ/kg:
T
:_:_:__: _i it-h
T
i
|
tz _tl
Q2o (15 —t1)=KA? D
In—1
T-t,
dT
9m2Cp2 (t, —t,)=-Gep — @3
dt
KA KA
(1) tz — T(l_e szcpz)+tle dm2Cp2
@)
T _ GCPI T, dT
.[o ol KA Jn T-t

)]

Qa2 Cpo [(1—exp(—

9m2Cp2
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T Gcy, In =1

KA T, -t
qmchz[l_ exp(— )] e 8
m2“pP2
36 t1:20 N t2:50 . T1:100 o T2:60 .
(1) At
(2) At
At=pAt,
At _ (Tl_tz)_(TZ_tl)
K |nTl;t2
&0,
R = T1 _Tz
tz - t1
P = -1
T1 - tl
1 g =F(R,P) 6-57a Y

At=pAt,

2 Y =F(R,P) 6-57b Y

At=pAt,

37 qmi=28700kg/h T;=230  T,=120
cp=2.60kJ/kg:  .p =710kg/m’,y =0.32mPa- S\ =0.13W/(m- K),
D=560mm,70 & 25% 2.5 L=6m,t=32mm,

25% B=300mm
a

Re>2000 25%

0.14
Nu = 0.36Re"% Prm(Lj

Ly,
A'=BD(1—%)
qml
Uy =——
0 A.p
d =
v ndg doddoooobigooooooz2oooooosdd
dodod4ooooooosoouootueongoogr o
Rezdeuop godoosgooooooaodoodoouoooaonn
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0.14
( H j ~0.95
My

)\’ 0.14
o= O.36d— Re Pr ”3( o J

€ H’W
38. T=120 w=12m/s
® 38x 2.5mm,n=200, t,=26  t,=86
(DL
@ qm t L ® 54x 2mm, n’=80%n , t,’
E:%(26+86):56
56 cp=1.0kJ/kg- p =1.07kg/m’, A =0.0286W/m- K,

b =1.99x 10°Pa- S, Pr=0.697
n w
1 =] —X—d2 XPp-U

Q = szcpz(tz - tl)

71

-, = 0.023% Re®® pr 04
d

a >>a , , K=a 2

Q=KAA t,
At = t2_t1
IrlT—t1
T-1t,
000000l ggoouog200oocggsg
A=n-ndL 0000040 00poooosgoocogoeboogog
3 Q go70doooosgoooooonooogooog
K- nrdAt,, gooond
1
(2)  qm D
0.8
K=0Lzocu 1
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A _nd
A nd
t,—t
QmaCpo (t, =) =KA 2T ,1[
i
In
T-t,

T-t, __ ( K'A’

dmi=3000kg/h t,=30 ,t,=40 ,T=78

a =1660W/m?>-

()N» N L
@)
€))

Q =0mil

t=

N

(ty

+t,)

Cp2 pa)\alePr

Q
O = —— 2~
’ sz(tz _tl)

®d 25% 2.5mm
NT

qm2 =/

s
Zd?u-
N, 4 P

NT _ 4qm2

N, nd2up

, u=1lm/s

ne=1+6 (1+2+ a =1+3 (ata?)

a 6

ng=143x (6+36 =127

127-13=114

13

J (0.566><1.21><KA] (T—tl]ms
p = eXp =
9m2Cp2 qm2Cp2 T-t,

11=925k)/kg,
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t=32mm t=1.25d,
D
38mm 1.5dy
D=2ax t+2x 0.038

o, = 0.023" Re®® pr o4
d
6-6 R,
R
1 1

L=+ R2+(R1+i)i
K a, o, d,

K (
-ty
D it

In
T-t,

Q=KAA t,=KN{Tt dLA t,,

_Q
K-N,nd-At,

A

=12 L =12L
A
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1 P=101.3kPa
log P? = 6,081 — 2L
t+220.8
1345

log P° = 6.080— ——— _
IFe t+219.5

=108 , t,=81
1 a, a,
2 0O,, X~y
1 t1:108

log P? = 6.031— — 211

log P? = 6.080— — o2

PO
Loy =4
PB
t2:81
logP® = 6.031— — 21

P? =104.33kPa

1345

logP =6.080—— >
81+219.5

P? = 40.19kPa

PO
Lo, =4
Ps
1
Qa, = E(al +a,)

y= ax
1+ (o —1)X

2. (A)—
log P = 6.08240—

log P = 6.08232—

2XA

Dy

108+ 220.8

108+ 219.5

81+220.8

(A— (B
P> — kPa t —

=2.348, P? =222.8kPa

=1.973, P) =94.0kPa

=2.018

=1.604

(B) P=8kPa,

P° —kPa t —

1424.225

213.206+t
1445.58

209.43+1t

_Pa P-Rs
AT P PI-R?

yA20595
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Ya

P-P;
P)—Py

3. (A)—

4, P=303.9%kPa
t=40
n /n
40

n Xx,+n y,=038
n +n =10

n vy,—-038

n  08-x,
5. P=101.3kPa
1 Wy

Py

PA°

Ya

(B), P=13.6kPa, X2=0.144

t P, PJ X,
(A—  (B) Yra)=038,
=373.3kPa Ps’=117.1kPa

W;=100kmol, x;=0.40, x,=0.30, a =3.0

2 W vy
i[|nﬁ+a|nﬁ]
a— 2 - X
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= X. + Z X, — X
o %)
B ax,
1+ (a—-1)x,
W, -W X, +W y=w,X,
W =W1.M
y—X;
6. Xi=0.24, g=1, xp=0.95, x,,=0.03
1 DIF
2 R=2 = Y
vV L
3 Rea L Y
vV L
1
D+W=F
Dx, +WX,, = FX;

D+W =F
0.95D + 0.03W = 0.24F

D/F

2 L__R0___R
V (R+1)D R+1

q=1, L=L+gF =RD+F
V =V -(1-g)F =(R+1)D

R+F/D
(R+1)
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)7(f_=0.3, tr=40 , F=kmol/h, P=101.3kPa, xp=0.95, x,=0.03, R=3
v

— x=0.3 __,t=98.6
_t= % (t; +tg)

_ Cp =148kJKkmol- Cp =175kJkmol-
r =33300kJ/kmol , r =39200kJ/kmol

Qgi :XI iggﬁ—' l‘: X—!—)

(@)

P

=
M
—
‘|
H
1=
f
I
£

o
il

=
H+

|U
\U>< |U
H H
5=
il l_lll.l
i

=
i
5

D+ 10
0.95D + 0.03W =0.3x10

—D
V=(R+1)D

V=V -(1-qF

8  x=0.1, g=0, F=10kmol/h, xp=0.9, x,=0.05,
1V

~2 R LNV

¥ ooooooo

97


Administrator
下划线

Administrator
高亮

Administrator
打字机文本

Administrator
打字机文本

Administrator
打字机文本

Administrator
打字机文本
这图和套套似得


S

2V =(R+1)D, R=VB—1

D V=F

L RD R

V (R+1)D R+1

9. R1=R,=3 qlqu:].
F=100kmol/h,  =0.9

Q) Vo
2 1

”‘.._FD

bW

— DXD
FX;

F+T=D+B
FX; +TX; = DXy + BX;

T, B

2 V,=(R,+1)T

Ve =V, -(1-0,)B=V,
2 1 n
Fx; +V'y.,, =Dxp+L"X,

L' « Dxp — FXx;
= — +
yn+l V| n VI

D+W=F
Dx, +WKX,, = FX;

Xf:0.6, XD:0.9, XB:0.3, XT:0.5,
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q1=1 _°.V'=V =(Rl+1)D

L'=L+qF
10. XD,
Xp=Yo
k)
i -E.
i, ke
1
e
Vy=Lx+Dypo, R
y—£X+2y——X+—y
Vv 'V’ R+l R+1°
y_ix
R+1
Xp=Yo
y~X
11 R'=Lo/D,
v
.r"r.-
La
Vv L
r+c -T
1 R:R'[L]
r
2
Vo= R X, + Xo
n+1 R+l n R+1

1
Loig +V,l, = Li +Vil,
ViV, l1=1,=l

i x
R+1 P

R=L/D

Yo
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h=b I —I
0 I=CpTstr i=TsCp, 10=TCp
2
V=L+D R=L/D
Vy = Lx+ Dx;,
L Y- R X;
LY=—X+—Xy =——X+
V \Y/ R+1 R+1
12 x=0.5 xp=0.96 x,=0.05 g=1 R=12R,, a =25
Nt
=1, Xg=X=0.5
ax,
Yo S mommer o
1+(a-1)x,
Rmin = XD ~ yq ) I:zmin
Rmin+1 XD_Xq
S~ R=12R. .
Yo = i X+ Xp
" R+1T" R+1
D000l oooooo2000gggsno
L e Oo0ooo400o0o0o0o0o0s5s000000e00o0O0nO
ym+1=7xm—7 oo70000008000000OemoOoOoOOoOoO0On
oogooo
g=1 ~V'=V=(R+1)D
L'=L+0F =RD+qF
F=D+W F=D+W
FX; = Dx; + WX, 0.5F =0.96D + 0.05W
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E WX

= X — i
ym+l V m V

_R-D/F+qX ~ WJ/F «

(R+)D/F ™ (R+1)-D/F *

25X . y
1+1.5x 2.5-1.5y
y1:XD:0.96
X, Y 0% _ (906

T 25-15y, 25-15x0.96

Yy, =0.58x0.906+ 0.403= 0.928

m X<Xg=0.5
N X<Xw=0.05
N
13 F=15kmol/h, x;=0.35 xp=0.95 x,=0.04 g=1 R=15

g=1.0,

V =V=(R+1)D

X, 095
R+1 15+1
Nt ( ) m

0.38

14 Xo Xw R

1 Sn
2 Nt
1 XD Xw

S= V =(R+1)D-(1-q)F=(R+1)D
| S+F=D+W
I FX, = Dxg +Wx,
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D,W

S=V =(R+1)D

_ Dxp
FX;

n
(2)

S+L=V+W

Ex:\7y+\/\/>q,V

Nt m
15 xp=0.98 x=0.60 x,=0.05 R=15Ry, a =247 0=1

-1, Xg=Xf=0.6
ax,

o= T (a-)x,

Rmin — Xp — yq
I:amin+1 Xp = Xq
Rmin R = 1'5Rmin m
R+1
N — Nmin
N+1
X 1-x,
log[(-—2>—)( )]
N 1-x," X,
o loga
N
16 x=042 o=1 x,=0.02 a =25
1 XD:0.6 Nt
2 NT XDmax
1
"y
V'V
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yoFy W
D D
D _ Xg =Xy
F Xy =Xy
000000000100000002000000
w_ . D 3000000400000005000000600
F F 0000700000080000009000000
_ax 00ooooooo
Yl (@-D)x,
yl—XD:0 6
x=— N - 00 g2
25-15y, 25-15x0.6
y»=1.45x 0.375-0.009=0.535, X»=0.315
XNS Xw=0.02
2 Ny=co XDmax
X

XDmax = B

1+ (a—1)x;
17 XD:O.g, XD1:0.7, Xf:0.4, XW:O.l, q:105, R=2 « :2.4, D/D]_:Z D1

Nt
apua Dy

1

Tw

V,y=L,x+Dx,

L, D R Xp
y=—X+—Xp = X+
vV, Vv, R+1  R+1
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V,y = L,X+ DX, + D, Xy,
ﬁx+ Dx; + D;Xp;
V2 V2

D, Vo=Vi=(R+1)D L,=L-Dy

y:

B R—DllDX+XD+D1/D'Xm
R+1 R+1

VL,y+F - X, = Lx+ DX, + DXy,
D _

5 i Xy + DX, — FX;

V3 V3

0=1.05

Ls=L+gF=2D-D;,+1.05F

V3=V -(1-g)F=3D+0.05F

y:

F=D+D,+W
Fx; = DXy + D, Xp, +WX,,
D/D, =2

D./F, DIF

A B 0.9
24-14y, 24-14x0.9

y, =0.667x0.789+0.3=0.826

=0.789

Y, =% =09, X =

X2<Xp1=0.7
Xo<x=0.411
Xn<x=0.1
Nt

18 Xp=0.98, x=0.56, x;=0.35, x,=0.02, a =2.4, S=0.2F, g=gs=1

1n
2 Rmin
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0.5F, g

¥y Ep e

gogobobbbbtbligooooobz2nboogd
b4 uoooboosbboouddedd
gogoorbbooboosggoggoeunbon

&l 0000000000
S+FE=D+W
S:X,+F - X = Dxp £WX,,
S=02F
D/F
__ D%
0= X, + FX;

(R IR
Ml e e e e e e Y

E
-
v
=}

Xa=Xs=0.35

y, = X 5
Al (a-1)x,

E _ Ya—Xu

V"X, —X,

g=1  L’=L+F=L+S+F=RD+1.2F
V"=V'=V=(R+1)D

. R D+12F  y,—X,
h (Rmin +1)D Xa = Xy
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min A

(i) B 0=
=xs=0.56
GEmLe 000000000100 o00ooo200000os-
Yy = 0Xpg O00004000000000000060000
1+ (a—1)Xg O070000008O0000OOCOwOOoooooono
gogood
Rmin =XD_yB
R, +1 Xp—Xg
RminB
RminA RminB
09 05
L MG
19. y=Nx N, = 1— N o
In——
mG
@ (8-84)
1 mG,y —-mx mG
OG_l_mGIn[(l L)y—mx + L] 1
L
Xiry 4V
bid H
X.
i# | tfy:u
. N
»
1154 .
l‘lﬁ x3+ ¢y22
xz* "yl _
—— 1 V=W
iy, "t W '
Xaf 1V
@ (b)
(b) Yy =yn X =X1  (C)
A ABC A CDE AB BC L/G
CD BC m
AB CD L/mG=A

y —mx

=Y —Y)+ Y= Y)+ (Vo= Ya)+ ot (Yo — Yu) +(Yy —mx )
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1
=[l+_+A—+—+...+F](y - yl)

A 2 A3
1 1 1 1
== [1+Z+F+F+ +F](yN —MmMxX )AN
1
AN ——
— mX N+1 _
Y T A A AN A 1 A
y —mx A-1 -1
A
20 Nt=5, x;=0.5, g=1, m=3 ( ) R=3 D/F=0.44 o =247
XD, Xw
2_ Xp =Xy
F X —X,
Xi =Xy
N = +
TR
Xw=0.194
x. = 9970194 4 194_ 0889

D

y=R xs X _ 3 , 0889 4 onxi0222
R+1 R+1 3+1 3+1
T
VARV
g=1 . L=L+gF=RD+F V=V=(R+1)D
_R+F/D _F/D-1
R+1 R+1
_3+1/044  1/044-1 194_130%_ 00617
3+1 3+1
a—(a-1y 247-1.47y
y1:XD:0.889
Y, 0.889 T

X, = = =
' 247-147y, 2.47-1.47x0.889
y, =0.75x0.764+0.222 = 0.795

Xw
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21 m=2
XD! XW
Xw=0.207

X = W +0.207 = 0.873

R X, __ 3 0873

= X+ = =0.75x+0.218
R+1 R+1 3+1 3+1

y

=R+F/DX_F/D—1
R+1 R+1

_3+1/044X_1/044—1
3+1 3+1

x0.207 =1.32x—0.0659

e v ___
247-1.47y

Xw
22 N+=3, x=0.002,0=0, R=4, y=6.4x,
XD Xw

x —Ins1
1 D K
—1|n[(1— A)——>—+ A

yN+l
In— _Ina
A X K

1_ KV _(R+DK
AL R
-0, Yn+1=X=0.002

Xp  Xw

N; =

R Xp 4 Xp
R+1 R+1 4+1 4+1

y =0.8x+ 0.2x,

y =X, =0.0002 X=X,
. 0.002 = 0.8x,, + 0.2x,,
XD1 XW

23 N =1 o=1, X=0.2, n =80%, xp=0.28, a =2.5, R=0

Xw EmV
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E

e T
ol -
' o
n= DX D/IF WIF
FX;
F=D+W
FX; = DXp +WKX,
Xw
EnS yl*_ Y2
y1 - yz
VL TR
T 1 (a-1)x,,
y1:XD:0.28

Vyo+Fxi= LX3+Dxp

F=L D=V
. D
Eyz + X; —FXD =X
"y sf 2
T 14 (a-1)x,
AEg =0T
Yi =Y,
24 x=0.5 g=1 a =2 D/F=0.6, Nt=co
1 R=0.8 Xp, Xw
2 R=1.5,
g-1, Xg=X=0.5
oX

q

o= 1 (@-1)x,

109


Administrator
高亮


X DX
f — D
K= 50
1-—
F
2 Yar Xq 00000000010 0000002000000
15  x,—0.667 30000004000000050000006000
15+1 % —05 Oo07000000800000090000000
,X_091$ 0oooooQ
% =0.
X DX
A =\2D _
ne B0 aftt O.6><0.917:_O.05<0
1. D 1-0.6
F
Xw=0
Fx, 05
X =0 = ->-0.833
X ° D 06
XD
R+1

0. 333

Xy = X,=0.5  X;=0.833
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— R=00 X920.652 X10:0.489
Emv
= Yn = Ynu — Yio = Yuu
MV * v
Yo = Ynr Yo~ Yu

Yn+1=Xn
y11:x10:0.489 y10=x9=0.653
Vi = 2N
P 1+ (@ -Dxg
— o =2.48
2. — Xf=0.4, Xxp=0.9, x,=0.05,
O’ connell Er
t =93 t =67.8
tn=(t +t )/2=(93+67.8)/2=80.4
t=80
y=0.650 x=0.241
e Y gesd
1-y X
t=80.4 p =0356mPa: s p =0275mPa: s

P =Y X1 =04x0.275+0.6x0.356 = 0.324mPa - s
i=1

P
O’ connell Er

y =002, y =2x 10° En=05 m=0
N

m=0  y,=0

Em\, — yz - yn+l =1—L
yn - yn+1 yn+1

N y =y 1-E)"

|n(L
y

“In1-E_)

R=co

Xp=8.05% 10° x,=8.65x 10* H=8m a =1.10
HETP
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log] Xp 1-X
1-x,

X
Nonin = loga ;

Nt=Nmin-1

HETP =
N

T
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1. x=15% F=30kg S=60kg
25 B)— *A—
0.933 0 0.067 0.023 0 0.977
0.88 0.051 6669 0.036 | 0.038 | 0.926
0.84 0.088 0.072 0.050 | 0.073 | 0.877
0.782 | 0.138 0.080 0.072 | 0.125 | 0.803
0.721 | 0.184 0.095 0.104 | 0.181 | 0.715
0.65 0.231 0.119 0.151 | 0.236 | 0.613
0.557 | 0.279 0.164 0.236 | 0.287 | 0.477
(DE R x vy
(@) ka B
De-aPe U = Y
FS M F+S 30+60 3
M , R
X, =006 y,=0046 RE =8.35cm
RM =5.95cm
papED
RE
R=M-E
Ya
P B.0%2
(2 ki B,
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0

Bz yg XA
1-ys/ 1-x5

2. Xi F=100kg, S=80kg
1 E R Ya Xa
(2) EO RO yAO XAO

M_s_ 8
FS M 100+80

@

FS=4.6cm ..FM =4.6x0.44=2.04cm

2 x=0.29, xa°=0.16  yA°=0.77

F=E°+R°
Fx, = E%) +R%x}

E° RO

3. F=100kg t=25  x=0.2 xa=0.1

(A)— (B)—
ya=1.356x,2%"
ys=1.618-0.6399¢*%
Xs=0.067+1.43x>%"

1 R E

2 'S
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1 XA:0.1
ya=1.356x,2'=1.356x 0.1%%*=0.0854
ys=1.618-0.6399¢" %% ,=1.618-0.6399¢"
ys=1-ya-ys=1-0.0854-0.862=0.0526
Xs=0.067+1.430% 0.1>2"*=0.0746
Xg=1-Xa-Xs=1-0.1-0.0746=0.825

S+F=R+E
Fx; =Rx,+Ey,
S=Rxg + Eyq
R, E
(2) SSE+R-F
4 A—  B—= ©
E:3:1:1
F R
XA2

AT}

t=25

.96x 0.0854_

0.862

Xf:0.4
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1. F=100kg w1=29.9% NaSO, 10H,O t=20  w3=0.176
W=2kg
m

M Na,SO, — 142 M Na,SO,-10H,0 — 322

W, = o 0.441
322
Fw, =mw, +(F -W —m)w,
m
2. F=100kg w;=0.377 W=3.5kg t:=20 =
w3=0.233,r =68kJkg, Cp=2.9kJ/(kg- K),r =2446kJkg
t1
Q:O wo=1
Fwi=mw,+(F-W-m)ws
m
Wr =mr +FCp(t1-t3)
t
3. BET -195 P N2
p/kPa 9.13 11.59 17.07 23.89 26.71

ximg/lg ~ 40.14 43.60 47.20 51.96 52.76
p°=111.0kPa  A;=15.4nm?

a
BET
/ 0
p p - p/ p0
X(1-p/p°)
p/ p° 0.08225 0.1044 0.1538 0.2152 0.2406
p/ p°
———— - 0.002233 0.002674 0.003851 0.005277 0.006005
X(1-p/p’)
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0.003 -
0 T
0 0.12
B=0.02373
A=2.284x 10™*g/mg
1
X =
A+B
Q= Ny AX,,
. a= M
4. =20 D=0.2m L=0.bm Xx= 104c B
1+417c
@ c—kg /m* p=12ka/m® =0 ¢,=0.01kg  /m’
p =600kg/m> Ksag=101l/s ¢,=30m°/h
—— 18
104c,
Xl =
- 1+4l/c,
XZ = Q — 92 = Q
X=X, +21=22 (c—c,)
6 =6
Cp = 0.050l = 0.05x 0.01 = 0.0005kg/ m?
Cs = 0.95¢, = 0.95x 0,01 = 0.0095kg / M’
o 10%, o oo 20
1+4l17c, B 104-8340c

0.006

pip”
g(l-pip")

0.24

N, = jcs dc Io.oogs dc

Cec—C, 900005 o 20c
104 —-8340c
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KfaB
I‘O=Hof 'Nof

T =M(L—O.5L )
° (Cl_Cz)u ’
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1. t=30 P=2kPa

50 P=12.3kPa 30 Ps=4.25kPa

18 Ps=2.08kPa 10 Ps=1.23kPa
At A P20
2. P=101.3kPa t;=25 tw1=20 0 =40 Z=0c0
1 SR
2 to H>
1 0.
0 =tw1
2 .

1,=0 ,=40 Hs

40 Ps=7.38kPa
~H=H4=0.622 Ps

S)
3. P=320kPa t=30 tw=24 — o /ky=17.4KJKg-
H kg /kg
24 Ps=3.0kPa, r,y=2436.4KJKg
H, = M Ho  Pw
M, P-py

H=H, _at-ty)

Ky -y
4. P=101.3kPa t;=30 tw1=28 =10 te2=10

1 W kg /kg
2 t3:30 tW3

53/ L

28  p=3.82kPa  r=2434.8kJkg
10  p=1.23kPa

H, = 0622 P
P - py
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1.09
H1 = HW _r_(tl _twl)

w

H,=Hg,=0622—Ps

P - psg
~W=H,-H,
2 H3:H2:0.0076kg /kg
tws=18 Pws=2.08kPa ry3=2451kJkg

Pws
H, ,=0.622
w3 P—p,.

I
tys =15 _1_V(;9(HW3 —-Hj)

tw3
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1. t,=27 tq1=22 t,=80

P Py
22 2.668kPa
27 3.6kPa
80 47.38kPa
P
¢, = —&
S1
Pd
¢, = P.,
0 O, -0,
0,
2. t1:65 tW1:4O t2:25 P=101.3kPa
W Q
40 7 .375kPa r=2401kJ/kg
25 3.168kPa
H, =0622—Pw
P- pw
1.09
Hl =H w _r_(tl _twl)
p
H2 S H s2 = 0622P_—Sps

W =H,-H,
|, = 1.01+1.88H,)t, + 2500H,

|, = 1.01+1.88H,)t, + 2500H,

Q=1 1= I 2
3. P=100kPa

kg /kg

kJkg

kPa
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80 40 0.0319 11.0 165 4.8 32.5
60 35 0.026 20 125 4.1 29
40 28 0.020 43 95 3.2 25
57 33 0.024 21 120 3.7 28
50 30 0.0196 25 98 3.0 23
4. t,=80 H,=0.01kg /kg W =0.1kg/S 6 =30

V =10kg IS
1 Al
2 t
3 Al t

1

Al =W ¢ 8/V =0.1x4.18x30/10=1.25kJ / kg

2 lI1+A =1,
W 0.1
H,=H,+—=0.01+—=0.02kg /k
> 17y 10 g g
- 1.01+1.88H )t, + 2500H ; + Al =(1.01+1.88H,)t, + 2500H ,
1.01+1.88H,)t, + 2500(H, — H,) + Al

o 1.01+1.88H,
3 Al 1=,
1.01+1.88H,)t, + 2500(H, — H ,)
: 1.01+1.88H,
5. =30  tu=20 V =1000m*¥h W=25kglh ;=60  P=101.3kPa
1 t2 H
(2 o,

1 20 Py=2.338kPa
Pd

H, =0622

d

v, = (2.83x107° + 456x 102 H , )(t + 273)
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VH
w
Hy = Hy =
=12
" H,=0622—Psz
P- Ps2
Ps2

t2
2 60 Pss=19.91kPa

5@ )
Pss
6. P=101.3kPa t=25 , ¢=100% X;=0.02kg /kg
9=40% X, =0.007kg /kg , X=0.25 25 ¢ =40%
=X-Xy
:Xl*
=X-X1'
7. N =11kg /m* h Gc=1000kg A=55m" X;=0.15kg /kg
X2=0.005kg /kg X*=0 X=0.125kg /kg
T
X1>X>X
ST=T +7T
G, X
= X, —Xo)+ X In=&
A [(Xy=Xc)+ Xe Xz]
8. n=50 70x 70cm h=0.02m p =1600kg/m®
X1=0.5kg /kg X2=0.005kg /kg X*=0 Xc=0.3kg /kg

u=2mis t=77  ¢=10% N (X-X)

G=A- h- p =0.7x 0.7x 0.02x 1600=15.68kg

— t=77  ¢=10% H
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tw=38 rw=2411kJkg
50, =(2.83x107° +4.56x107° H )(t + 273)

1+H
p:
Uy

G'=pu
a = 0.0143(G')°*®

N =%(-t,)
I’.W

1 _G_c. Xy =X
’ A N,
¢ 28 X Xe
A N X,
S.T=T +7T
9. =20 Ho=0.01kg/kg ,1,=120 =70 H,=0.05kg/kg ,
0 =30  w;=20%,0 ;=50  W,=5% Cp=15kJ(kg: ) G,=53.5kg/h
Q =0
1V
2 Qr
3 Qo

LA™ H. 4 Ty My
e Ou
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(2) | 1= (1.01+ 1.88H 1)t1 + 2500H h
| 0= (1.01+ 1.88H o)to + 2500H 5
QP =V (I M I o)

(3) I,=(1.01+188H,)t, + 2500H ,

i2 :(Cps+CpLX2)ez
Iy =(cps+chX1)6l
QD =V (|2_|1)+Gc(i2_i1)

10 P=100kPa w;=0.5 w,=0.01 G=20kg/s t;=25
H¢=0.005kg /kg =50 @ ,=60%
1V
2 11
3 n
1 X, =4
1-w,
X, = —2
1-w,
G. =G(1-x,)
— t2:50 () 2:60% H2
vV = Gc (Xl B Xz)
H 2p— H 1
V=V 1+H,
2

1.=1,
1.01+1.88H,)t, + 2500H, = (1.01+1.88H,)t, + 2500H,,

. 1.01+1.88H,)t, + 2500(H, — H )
o 1.01+1.88H,

11 P=100kPa w;=0.20 w,=0.01 G=1.75kg/s t,=20

tw(): 16

¢ 2=70%
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1 4=120  V n

2 t1=120 ¢ 2=70% t3=100
0 4=70% VA
1 X, =4
1-w,
X, =—2
1-w,
Ge =G(1-x,)

W =G (X,-X,)

1—H Ho Hx t

V = x 1+H,
Hz_ 0
t,—t
,rl: 1 2
tl_tO
2
to t1=120 t t3=120 {4
> § > +——— +—
Ho H. H, (P4=70%
(P2=70%
I—H
H,=0.0615kg /kg t,=51
= x1+H,
(H4_Ho)
77:('1_'2')"'('3_'4')
(|1_|o)+(|3_|2)
Ho=H,  .~1,—1,=(1.01+1.88H)(t,~t,)
H,=H, o 1,—1,=(1.01+1.88H,)(t,—t,)
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|, =(1.01+1.88H ,)t, + 2500H,
s 1, =1, =(1.01+1.88H,)(t,—t,)
|, = (1.01+1.88H ,)t, + 2500H ,
ol,=1,=(101+1.88H,)(t, —t,)

_ (LOL1+1.88H)(t, —t,)+(1.01+1.88H,)(t, —t,)
(1.01+1.88H ,)(t, —t,) + (1.01+1.88H ,)(t, —t,)
12 Vv

=0.8V  He=0.0033kg /Kg t5=16

,=67 H,=0.03kg /kg Gi=1500kg  /h wi=0.47 w,=0.05

Ll
Fan

H 2 H 1
il Q n
1, =(1.01+1.88H ,)t, + 2500H
|,=1,=(1.01+1.88H)t, + 2500H ,
~Q =V (I,=1y)
V=V 1+H,
2 5H=Ho+4H,
H

m

=10

- 1.01+1.88H )t, + 2500x H = (1.01+1.88H,)xt, + 2500x H ,
t.  Q
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