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IR ARG M R 5 H5 Rel fIBEL ) R4 CD ARIF . 0 2 S0 IRAS O BE A L
J1Z WA FD1/ FD2=p 1U12/ p 2U22

Ul Ul U v _mp,

mamshz o Ve Yz v sep

FDL1/FD2=p1U12/p2u 22= “ith!Vatty

# 20C45, 1 1=1.82X10-5N.s/m2 v 1=1.51X10-5m2/s
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F, = 0.664(1m)(0.48m/s)/(10*kg/m?)(1.519x 10N -s/m?)(0.48mvs)(Im)
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T, = (273+27)K = 300K

(1) s Ry 2 y-1 y—1 (a)

T 27T, :[ﬂ]” x 300K = 281.45K
0, 10.14
V= 27—'j(ro—T):193.08m/s
(@ & Ve
(2) AT Ry, A = SR % BEnT B S e 0
1
) p +—pV2 = Po
HAE%S R T2 2

V=\/2(p0—p)1=\/2RT0 (1—£)=\/2x287x300(1—ﬂ)=185.67m/s
P 10.14

0

193.08 —185.67

~0.038
LETTE 193.08
CP5.3.4  EWITE SR VHA AT b
a
T oyl p _( y+1 J“
e = o, Tz
o T 2+(-)M (o P \2+(-1M



feoR: H IEIRES S HMIG SRS S HERR S 8 T

l:(1+7__1|\/|2)*1; T_:i
e (1 Yo 2 To 7+l
T T/T0 _ 7+1 y+1

*

2

p_plp, _ 7+1 _( y+1 jH
P P /P, 2+(1+ > M %)

CP5.35 A — USRI AU, 24K AR A 288K I, 5 b K BT i s Hy % k2
Pon: BORFRISTE B oNIE S5 Hh B o 4 22 FE I SR, X B KSR S 2 IR E .
2. 760.78 m/s

e ke o~ 288K
A A 1 SR R
2
Vi _ 7 RT,
2 7/ 1

V. = [2-Y_RT, - \/2XEX287><288 — 760.78m/s
y—1 0.4

CP5.4.1 —ISHEESHCN p0 =170 kPa, T 0 =300 K, fif Py 2= <l i — e 4 8 RN K
VL R T Ae = 0.015m2, HEAME #E9 pb = 101 kPa, Az, Wk Fim M .

PR SERR H CUB 2 T IA IR FORES s A RSB S DR, AR UIR S
IR EEE, FRPUME; BB (C5.4.15) it

*

Py 101 hoes P _0528(y=14)
. Po 170 > Po At AR A A, pe =pb .
r-1
Te =(&] ’ (101)ﬁ 0.8618
Ty Po

ISR S T AR

2

e _
Cle+—=c¢,T,

F 2 AL S 7 R 2 P



T
Ve = 1/2cp(r0 ~Te) = 2CpT0(1—T—e)
0

= /2(1004J/kg K)(300K)(1-0.8618)= 2885m/s

po=to o IOKPa ;) o7pgim?
RT, (287J/kg-K)(300K)

@)1/1.4
170

Pe _(Peyur —0.6894
Po

Po

=0.6894(1.94kg/m ®)(288.5m/s)0.015m?) = 5.8%Kg/s
Po 170kPa

= = =1.974kg/m?
PO RT, T (2873/kg K)(300K) g

=
3
N

¥ (C5.4.15) =R

7+1

m = pOA{}/z_i/&[(&) 7 _ (&)7]}1/2

1py Py Po

170x10° 101 ana 101 241149002
1.974 [(170) (170) Iy
=1.974x0.015{602.84 x10°(0.4753 — 0.4096)}"'
=1.974x0.015x199.0 = 5.89kg/s

=1.974x0.015{7 x

CP5.4.2 F:XIFUS4Emi %, H E A Ae = 0.03 m2. XU P 5558 p0 = 1.8X10 5Pa, T0= 330
K, BEESMAER pb = 90 kPa, AL, WKIHE (D BHE B OSREE W (2)
SR AR e M

PeoR: JoA e H VAT Ak B FORAS, 28 BIE FURAS SME KT BEAS T 52 A I N i
B, FUREIAE KM A ARESNEFORE, WS,

P, 90 P

=——-05 -——
. Po 180 o Do _gsog (y=1.4) BHIH O ELAIG FLRAS.

|

i (C5.3.14a) X =0.833, T*=0.833(330K)=2749K

V, =¢" =,/y RT" =/1.4(287J/lg - K)(274.9K)= 3325m/s

Do 180kPa

= = =1.9kg/m?
P o= RT. ~ 287)kg - K)@30K) Y

(2)



*

Jo,

H1 (C5.3.14c) it P 0 =0.634, p =0.634(1.%g/m*) =1.205%g/m*

m=p ¢ A" =(1.20kg/m®)(332.5m/s)0.03M?) =12.0XKg/s
fi# 2: (1) HAxI% (C5.4.15) i
V, =18.3,/T, =18.3x+/330 = 332.4m/s
(2) % (C5.4.15) K

m = 0.6847,/ p, o, A, =0.6847+/1.8x10° x1.9 x 0.03 =12.01kg/s

CPS5.4.3 A mpmEE, Fi O ERESTRG 25 5 i P! Po g e Fas
N, SIS A RS

06; (2) 0.9725; (3) 0.6; (4) 0.528; (5) 0.3,

Sors pezd R e, ressemat Pl Por Pl Po g v

. EEmEASELE, ANTA TA =25 5mA4 M %, BRIESH

M, =024, p,/p,=0.96070

M, =2.444, p, I p, = 0.06462

(1) PolPo =006 _ o oenen, e his sk, Wd S Josa b, A ik,
Sk Tk

(2) PolPo=09725 g a6070, e 4Bttt

3) Po/Po=08 _ 006070 (1 > 0.06462, MiEmikslim, NS TKENS Jo i b,
PRGN, IS PN, B2 H Ak,

/p=0528

4) Po CERS (D) ML, R R B SR

/p=0.3

5) Po L RIS (3) ML, (HEDE AR A 4.

CP5.5.1 Kk d=150 mm &AM E, TRMNEDGRARSEN T1 =473 K,
pl=20MPa, V1=141m/s . EMEH 4 p2=1.26 MPa, ik (1) HIO4 M2, (2) &
FET2; (3) FE V2 .

PR AREARFERA RSN, Bk O FPRESEA R SEH A X5, A
TV BN R R s R YE T B



/R 141m/s

M, =—== = =0.323
W (D C, \yRT, 1.4(287g-K)(473K)
P . 2.
= _20MPa_, simpa
S, AT M1=0323 10 P =35
P, 126 _
wrg P OST wmEa R M 2= 0.47
T *
L-118 T _A3K 4043k
B M1=0.323 BryaisE T , 118
2 -114
HH M2 =0.47 &K ,  T2=1.14(404.3K)=461K

(3) V2 =MC, =M L7 RT, =0.47,/1.4(287J/)g - K)(461K) = 202m/s

CP5.5.2 ZFAmid—HMNd=02m El’Jf’é*iL EL, R 1 _FIREN VI =200 mbs, IRES

¥ T1=150"C, pl=1.5X106 Pa(ab); s R 2 BHRE TR T2=130C.

ok (D B 2 BRESR p2; (2) HE Hﬁ#ﬁr‘ﬁ e =0.08 mm, FHE IS L12.
PoR: AR AINEEE R, POs G HE SRR . 58 WA s, 1 EEER

it Pl TR T A I R R A R, PR R B

M=o i 7 /200m/s —0.485
W ¢, yRT, 1.4(287Jg-K)(273+150K) [—
TIERE: 5 M1 SN IEN
T 2116, P =22 d =116
6
T*:L 423K—364 7K p*:&:M:OﬁSleO(BPa
116  1.16 2.2 22

T, _(273+130)K _ 403K

4T 647K 364TK | it
& ZLmax
M2=07 P =145, 4 =02
G p2=1.45p*= 145 (0.682X10 6 Pa) = 9.9 105 Pa (ab)
1.5x10°Pa
p=ti= g/m’

() HERA RT, (287Jkg-K)(423K)

T34 22 A A5 150 C I 2 Uk E



=2.38x10°Pa-s

- (1.458x10°° kg/ms 'K ) (423K)*?

(110K +423K)
Re - £ _ (12.36kgm)(200m/0.2m)_, ;7
i, 2.38x10°°Pa-s
£ 00840004 -
d = 200 ., BRumE, 4 =0016
L, AL AL
= (Come) _(ZEmx) —116-0.2=0.96
g —Cg =5
L _096d _096(02m) .
2 0.016

CP5.5.3 =/ UfESF# I NI b, VR EEEHR SN FE4800 1, M1=0.5, pl=11MPa (ab),

T01=333 K; ZE#H 2, M2=0.9, T02=478K. LA EN mzlkgls, ok (D iz

R, (2) FRE plp2

SR AR AT AT b 0 T RRMORI IR e T WL R SN A 24 R A
s S A R TR T P 506 7 PR MR B, T2 24 M,
PR R R T 32 . T PSR 20 B 5 P o S e p2, TSR IR 32,
fifk: (L HENMIIEEE TR (30 B4.6.11 D

: V) %
Q= m(CPTZ + 72 —CpTy _?) = m(CpToz _CPT01)

= (1kg/s) (1004 J/kg * K) (478 K-333 K) =1.46 X 105 J/s = 146 k J/s
(2) FHEEREI A3 R B2 SR i
M1=0.5 T1/T01=0.95238, T1=0.95238(333K)=317.14K
M2=0.9, T2/T02=0.86058, T2=0.86058 (478 K) =411.36 K

V, =M,y RT, =0.5[1.4(28J/kg- K)(317.4)["* =178.6m/s
V, =M,y RT, =0.9[1.4(28J/kg- K)(411.4)T" = 365.9m/s

. p,  1i1x10°Pa
" RT, (287Jkg K)(317.4K)
HahE e (EEmE)
pl-p2 = p 1V1(V2-V1) = (12.1 kg/m3) (178.5 m/s) (365.9-178.5) m/s = 405 kPa
(3) FHm A <50 R 5 SR A -
M1=0.5, #%3 pl/p*=1.78, p*=p1/1.78=1.1Mpa/ 1.78=0.618 MPa
M2=0.9, 73 p2/p*=1.13, p2=1.13p* =1.13(0.618 MPa) = 0.698 MPa
pl- p2 = (1.1-0.698)MPa = 402 kPa
CP5.5.4 Z5SfE S TH INAE FRE T EE RS . (E4KI 1, M1=0.4, 01=20kgm3, T1=

1kg/m?

Pq



300 K; 7EALI 2, M2 =0.6. e (1) M 1 B#0 2 (G As; (2) BAFETS
In#cE dQ/dm .

Pon: SR R FE P A _ERRESSEG nTR BRI RS R e s SRIGERTHR
ST PR AR b v LR AR, AT R S U S B0 BRI R H b T R E
fifg: (L EEFIR BN REE (B C5.5.5)

Vicoa # P 1o =03 p"=03p =03(2.0kym?) = 0.6kgm’
T/ T*=0.6 T*=T1/0.6=300K/0.6=500K
M2=06, #ig P P2 =057 p,=p"1057= (0.6kgym*®)/0.57 =1.05kg/m®

T2/T*=0092, T2=0.92T*=0.92(500K) =460 K
g A =8 (C5.1.18a)

As=c, In T2, RInLL = (717.40kg- K)In%)Jr (287)/kg - K)In %

T, P2
= (306.65+184.93) J/kg * K=491.58 J/kg * K
(2) HEFI IR 30 R B s AT b Py LI R
M1=0.4, T1/T01=0.96899, TO01=T1/0.96889 =300 K/0.96889 =309.6K
M2=0.6, T2/T02=0.93284, T02=T2/0.93284 =460/0.93284 =493.1 K
H—4E 3N L EE B D Re /7 #2 (C5.5.29¢) 1] 1%
g% =c, (T, —Ty;) = (1004J/kg: K)(493.1-309.6)K=184.3kJ/kg
CP5.6.1 ZSfEIE IEWBE AT RS SECN ML = 2.2, pl =120 kPa, T01 = 450K, iX>kidl
I ETE (1) p 01, p02; (2) V2; (3) ¢2.
Feor: FIFBA R R Eh R E (C5.6.2) MMM AshEEE (£5.31) KAKRM.
fift: (1) HEIAEhREEE ML =2.2, #13 M2=0.54706, &
p02/pl =6.7163, p 02= 6.7163 p1= 6.7163 (120 kPa) = 805.96 kPa
p 02/p01 = 0.62812, p01=p0 2/0.62812 = 805.96 kPa /0.62812=1283.12 kPa
(2) HEMRAshREE M1=2.2, &7 T1/T01=0.50813
T1=0.50813T01 = 0.50813 (450K) = 228.66 K
PRSI REER, T2/T1=1.8569
T2=1.8569T1 =1.8569 (228.66 K ) = 424.60 K

¢, =+/7RT, = J1.4(287J/lg - K)(424.60K = 413.0m/s

V2 =c2 M2 =(413.0m/s) 0.54706 = 226.0 m/s
CP5.6.2 2/l id 1E B AT A3 o V 1 =550 mis, IRAZHCN pl = 150 kPa, T1=288 K;
Rk (D B ERSH V2, p2, T2 )BIFMmIEEEAZ: To1=T02 .

e @ & J7RT, =/1.4(287J/g- K)(288K)=340.17m/s

M1=V1/c1=550 m/s /340.17 m/s =1.62

AN R B A 1

M2 =0.66251, p2/pl=2.8951, T2/T1=1.4018
p2 =2.8951p1 =2.8951 (150 kPa) = 434.27 kPa
T2=1.4018T1=1.4018 (288 K) = 403.72 K



C, =+/JRT, =/1.4(287J/ig - K)(403.72K = 402.76M/s

V2 = M2 ¢2 =0.66251 (402.76 m/s) = 266.83 m/s
(2) AR AN REER
M1 =1.62, T1/T01=0.65579, T01=T1/0.65579 =288 K /0.65579 = 439.16 K
M2 =0.66, T2/T02=0.91986 T02=T2/0.91986 = 403.72 K /0.91986 = 439.0 K
CP5.6.3 A —BRILBEBPALF LR HEdE, HATHDHECH Ms = 2.0, FHFDFRRE
248 p=0.1MPa, T=300K, ik (1) Wk p2 ; (2) WaT 4N #-E V.
PR URSCH IR0 AT 5 2800 5 20 R B0 3 ek B 358 AEO O IR 8 AL, IR
[P SR P — AR U T B F I ) — BRI S o A 30k i o i A R B8 O T AH B P —
M, REEEIEO—M, R s fE K.
fife: P A bR F [ S5 AR B L, MRS ML = M's = 2.0, i AR pl= 0.1 MPa,
T1=300 K. B3R EE (3R C5.6.2):
M2 =0.57735, p2/pl=4.50, T2/T1=1.6875
p2=4.50pl =4.50 (0.1MPa) = 0.45 MPa
T2 =1.6875T1=1.6875 (300 K) = 506.25K

C, =7 RT, = J1.4(287J/lg- K)(506.25K = 451.01 m/s

¢, =+/7 RT, = 1.4(287J/lg - K)(300K) = 347.19m/s

V=Mlcl—M2c 2 =2.0(347.19 m/s)—0.57735 (451.01 m/s)
=694.38 m/s—260.39 m/s =434.0 m/s

T FE RV 7= AR () IR A0 T
CP5.6.4 A —ig#) I AL R (b2 HEdE, ok e e s BD % J5 R 3% p2=0.2 MPa, &
TRBPRESEN p=0.1MPa, T=300K, =K (1) BIEMIZ3NHEE Vs; (2) B a2
b B R A B SR B Vo

fif: (1) FFAhbR AR LS T B, WIRFEZS4 pl = 0.1 MPa, T1=300 K.
H p2/pl=0.2/0.1=2.0 AFHESNREE (& C5.6.2) A
M1=1.363, M2 =0.7558 (P4 #dii%)

¢, =+/7 RT, = 1.4(287J/lg - K)(300K) = 347.19m/s

Vs = V1= M1c1=1.363 (347.19 m/s) = 473.22 m/s
(2) BB EREER, MHNT p2/pl =201 T2/T1=1.23
T2=1.23T1=1.23 (300 K) = 369 K

¢, =+/7 RT, =/1.4(287J/)g - K)(369K) = 385.1m/s

V2 =M 2c 2 =0.7558 (385.1 m/s) = 291.02 m/s
V =Vs-V2 = (473.22-291.02) m/s = 182.2 m/s
CP5.6.5 & —iEMEREF L5, AR 280 K A3 320 K, XK iZEE
W HIZBHEE Vs
fift: FrrbbE RS TR b, T1=280 K, T2=320K
T2/T1=1.1429, TSR (K C5.6.2) /{5

¢, =+/7 RT, = /1.4(287J/lg - K)(280K) = 335.42m/s

M1 =122,



Vs = V1= Ml1cl=1.22 (335.42 m/s) = 409.21 m/s



