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ABSTRACT

Study on Ice Mass Fraction Measurement and Dynamic
Storage and Melting Characteristics of Ice Slurry

Chunyao Qing

(Thermal Engineering)

Directed by
Prof. Ziping Feng

ABSTRACT

The fluidly dynamic ice storage technology which uses Ice Slurry (IS) as a
secondary cooling medium can effectively realize cold energy storage and electric
power peak leveling; it has been showing promising application during recent years.
The central air conditioning and district cooling system have excellent energy saving
effect for the high-density latent heat transportation characteristics of IS. Measuring
the IS mass fraction precisely on line can calculate the latent heat transportation
capacity, studying on the dynamic storing and melting process in the ice storage tank
can provide theoretical guides on improving the ice packing factor and accelerating
the ice melting, ensuring the optimal operation of the fluidly dynamic ice storage

system.

A theoretical model was developed for the IS mass fraction measurement on the
base of summarizing domestic and foreign research results. The corresponding ice
mass fraction measurement device was set up which consists of three pairs of circular
arc electrodes and a creative micro electrode sensor. A series of experiments were
done which verified the reliability and precision of the device. Experimental results
showed that the device is reliable when using the square wave excitation signal whose
frequency range is 150Hz~1.5 KHz. The general measurement deviation of the device

are +7.5% and *4% when measuring the flowing IS and the static IS, respectively.

The experimental stand of dynamic ice storage was set up and the particle size
distribution of ice granule in the ice slurry was measured by image processing method.
By changing the flow rate and ice mass fraction of inlet ice slurry, the initial liquid
level in tank, the inlet pipe parameters, several works are as follows. (1) The real-time

ice slurry piling process was observed. (2) The effects of ice-making solution and ice
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particle size on the non-saturated Ice Rich Layer (IRL) were analyzed. (3) The
contour variation rules of IRL during ice slurry piling process were gained. (4) The
rules of sedimentation velocity and uniformity of saturated IRL affected by the
parameters above were obtained. Experimental results indicated that the uniformity of
IRL could be improved by increasing the flow rate or ice mass fraction of inlet ice
slurry, it contributed to the IRL piling of tank centre at the initial phase by reducing
the initial liquid level, however, the final uniformity of the IRL was hardly affected by

this parameter.

The ideal piling model of ice slurry was derived to analyze the mechanism of ice
slurry piling, and the ideal piling law of ice slurry was obtained by solving the model.
The calculation results showed that the bigger diameter of the ice granular is, the
larger floating speed the ice granule has, and the smaller porosity the IRL has. By
analyzing the force of ice granule, the Discrete Phase Model (DPM) of ice slurry flow
in the ice storage tank was ultimately established based on the turbulent flow RNG k-

¢ model and the random walk model which can be used to simulate ice particles
trajectory. The flow field of the solution and the ice particles trajectory were acquired
by using the DPM, and the real-time piling process of the ice slurry was simulated by
varying the inlet flow, the ice mass fractions, etc. The effects of different parameters
on the dynamic piling process of ice-slurry were analyzed, too. The DPM could
basically reflect the ice-slurry piling process of the single-tube injection ice slurry,

and it also could theoretically predict the tendency of ice-slurry piling process.

A dynamic ice slurry melting experimental system was built up based on the
dynamic ice storage experimental stand, the dynamic melting characteristics of the ice
slurry in the tank was studied experimentally under the conditions of varied inlet
melting solution flow rates and temperature, etc. The variations and its reason of the
temperature distribution in the tank and the Volumetric Heat Transfer Coefficient
(VHTC) were analyzed with above parameters changed. The results showed that
changing the parameters such as inlet solution flow rate or temperature will form
“channel” in the IRL; The VHTC descends rapidly when the dimensionless ice
melting time is at the range of 0~0.2, and then drops down slightly until the end of the
ice melting process. Inlet melting solution temperature has slight effect on the VHTC.
However, the VHTC increases when elevating the inlet solution flow rate. By
analyzing the experimental results using modified Stanton (St) number, it illustrated
that the “channel” produced during the ice melting process played an essential role

on temperature distribution and VHTC.
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CREERAE RS
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URIR I A ol B e 8 oK Bl S R PR 9

JTHT b, 5530 Ml L Rl (NS VKRR 28 KR, Tl R BT b,
CI T BEACT Y 5538 £ I i i, dEim i Y b ORI R S . O T el s
AL, X A MUK S 55 S HON B VK R M S ST AR PRI 5, A SCR
TR 3-2P7n SE R 2 A E X 2 AT R G

32 HIAEBIUKIE &M

WA S)  URRE (kgs-1) ANEIREAHE (%) AUAAMII s (m) kT

1 0.30 1.3 0.445 1
2 0.50 1.3 0.445 1
3 0.70 1.3 0.445 1
4 0.80 1.3 0.445 1
5 0.30 2.1 0.445 1
6 0.30 35 0.445 1
7 0.50 1.3 0.445 2
8 0.50 2.1 0.445 2
9 0.70 1.5 0.445 2
10 0.70 1.5 0.30 2
11 0.50 2.1 0.30 2
12 0.30 2.1 0.30 2

e KO, 1 SRR UK R T 1) BE T S 315mm, 2 K H K I BT I B R T s
215mm

3.2 kKERIRIIZEDIR

URIRAEHERLS RE A, i FUIOBURE IR R ANAN TR, 3 B [ A DK RUREAT ELA FH 1K) 7
WA, FEFBE TR R DR R I B 1) SRR Bt 2 52 B2, AN ) s VK=
Ry B A Al 2 DA AR A, B LA S 6 A= 7l 1 [ A DIORURE EA T KA 70 1 5 i FORE
TNy s DV S

X ] ARURE (1 R A% 3 BT A — FRAT W R — R onidk, B Sy [ A0k
B, BREL, SRJA K H ERHT 8RR HETTR 32 25 075 70 Jm 73 I RR L, 49 2 RBORERL AR
NI H R R R IR LR T 0 B B A TR A URE AR 90 5
I U 3 T O L E 23 M SR S RAR 0 A

IR PR IEAE S B N T AR A . ANARTE R TRE N ROR R4, BT
DRBUREA U ENANR NG o 975 2092 T UK T B UKTRE , 1 e 22 0 I DK T DR
AR e, HOR B E IR = DUORAIE PR DR BORL AN Ak A& e, 53 5003
125 i R UIRURE 2 8] A AR, AR FC MR G o 75 5 68 TR S8 20 A S0
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DRI DKRIORE (KDRESE A s [RIARE A A — L8 [, FOCRLIE 734 DCR IR 73 L
PR, HUBHEREAERE b 3 ST RO P e 1 BRI RURE 7890 0 5 AL
ALK ANBORAEREN AR GE R 92 o3 A, T ER UL RS2 50 A iR AERf
(I BLE D7 34 e AN TR PS8 R SR ICRURE B30 1 68 70 R A DA T P A 0
FEo BEAMRTARSI BAR %A, IO AR A I TR, 23 S DK
AL JEE 3 A1 BRI

AR SR BT R 3 HTi2ond S8 A R DK A TR L 20 BT o BURE T FH S At
PR, ARSI 0 s 21 B R 24T 04, B 3-4B[108 — p 845 21 10 i
RUKRBTRL (Zf) Mgl 80y BB A AL B3R 3 2R UKBURL L R CHIED, - BORE
3 IR RAR o AT B BT 1, e AT 2 DGR T OICBURE T RL AR AT ke 3-3
Fizs, MR LU 4 oKL AR 26 70 4R R AE 0— 150 w mIF) v Y .

K 3-4 URERBTRIRLAR 7 AT b B

R 3-3 L REUKRBURERLAR 23 A

HARRGHER (om) AR 73 E (%)

0—50 30.66
50—100 41.68
100—150 18.36
150—200 5.55
200—250 2.13
250—300 0.94
300—350 0.34
350—400 0.20
400—450 0.09
450—500 0.06
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URIR I A ol B e 8 oK Bl S R PR 9

[V IS 55 AR PR Ak 3 AT LA ) & IORE T TR MR s, T TN R
M
NarS

d

X HLSIEOKRLF A, dAUKRF BHAR, RGBT 1, Ui oKk T
BAAE AT, TR 2 R R e i ERIBCE G, TR 3 R Rk
AR B RESE , (5% 18 RIBRERURL BN LY, S A ROREAE 25 A A B FR U B 1Y)
BEHLE, AT LBy b (5 kB OICRE -1 RURE 0 [ 2 o B 3-5814 M E3AR X
FEAT 2R RURE IR BE (1 0 A B o NIRRT LR Y, 3T 70% 0K IR 0.6, w)
CAIEABRA N R R BRTE o

R=

(-1

0.1 0.2 03 04 05 06 07 08 0.9
()13

K 3-5 £ EEOKORL [ o A

L TRIAS 380 PRV RIORE (RPREA 23 A1 A B A ), AE e PR B LU W, (R AR B
WA Rt E T AR A A, S R SCHAR TR T, 75 B RLAR AT e R
PR 2 A A% 20, RORE R 4% B 23 A1 >R H 2% 44 1) Rosin-Rammler 73 A JE 2,
Rosin-Rammler 73 A7 B E 75 RURL AR d 5 KT 16 B A 1 0K (1) 5T 2 43 H00Y o 2 [T
TEFRECR R

Yd _ e—(d/ﬁ)" (3_2)

b a PR EAR, A ATEE KR 3-3 R AT S R i ik 3-4
e, UEERE:

Yd _ e*(d/‘)O)]'S} (3_3)
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3 KR ITERN SRR

% 3-4 UKIGURI R osin-Rammlerfi 14 73 A

HAEd Cum)  FHARKT d VKRR 7 40(%)

50 69.34
100 27.66
150 9.29
200 3.74
250 1.62
300 0.68
350 0.34
400 0.14
450 0.06
500 0
100 . .

O kB
a0 HE1E
o .
7ol g, = tion)® .

£ eof o
I
g 500 .
I
= ot .
Hel
af -
a0l -
0 .
0l == == ==

0 ; . L : = = = ]
0 a0 100 1580 200 250 300 350 400 450 500

B, dpm
3-6 £ UKk ¥ Rossin—Rammlar 434f

R (00 e R AU L o0 A Bt s A 1 3-6+, 1B rh i R AR b R s L
(Rrkits, SNARBR R A . IR R RURL B B 17 0 LU B 2, sttt £ m LA
R HHRURL U ARN /NN S RESEE IhE R EEBE , ARFRBURREARRIS2), i
HARAREUN .
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3.3 KEHBIERRLE R

3.3.1 RIGERBIKS IR

HARGE [P U5 A, LB 3-357,  DAGTAEHIRI IR LA o i e, AR s
o5 7 IR %A T T L RS FLAARAR AR, BE TG HOKIN 2 I TR) 22 0
UK R g, Wzl D07 T B KRR 0 L BT ] gt

B 3-TrEANFIR T UK Z R N AR L, B S EUR R IR O,
A N VUK IR A & s Lo = 5, DU KT 3 MIRHERRIN, LA
t=0.5hi¥IHERIZ R OG B, DRI R IRIUIORE 1~ B3 Jim 6 2 IR 11 4 [ J S B 2 e Ak
e K2, IRt 1 Al e RIS DR 1w e B U B (18— JR UK 2 s 48
SEHERRIN & VRZ AR TEARE -

B UK HERL AT, t=0.5— 1.5h IXBLIN R, WIUGTE RN & VK2 B # R It 5
JE IHHEANRE DK —AL, WA ) S HERR, TR Rl o e N R T (R A
S, AR 1) I RE D P P A 2 TR B UK 2, SRR, BT
[Fi) 111 5 [ P DK TR () A Ak s e 45 SRR 388 28 52 R HH R, A DR 1 9 ) S 6 245
R, BUKEES T W R R EHER, RNAEILFER ENE, HOmEsR, &
UK 2 POy A 1 5 0T T2 R AL v B AT, 38N & VK2 R0 ER (1) BR8Ny £1.5h, &
UK () 1 T D B8 K I8 7 1) R I B, IR RE 2k ORIt oK VK Z R 7% 2 U x
7 I HERR A, EE 6T U=0.8kg/s IHKEVKIZEBE, 7F t=0—3.5h FFTELA,
LT & UK 2 JF 0 ) T, A RE ) R T R TEAR, S 4 A A 1 D A
e, RN, A A& R T8 B s VK2 b 138K, 2 A%
RS, IF HAH RIS A & SR 00N, E R, 8EE UK R oK 1) ot i
K B OKAETCIERR BEAEAE T SR 15 DL T 52 21 5 BE AN VKI5 AR FH [n) A (1) 320 B
R, HFHEG ORI EKZE, WO RRER, HEXFEREM O RNE
UK ZIE B — @ MR, IRATRRZ NI4T NI A B, 8 B iln AL B
J& s JERE AN UKORLF 44 AN BE TR 1T T B 5 K2 ) & DRI R I BE 5 1, 1T g
WEEE 7)) & (z Bl ) B, RBESEER A R ol ©3.5h J5 s VKRN
z BT IR TN SR AEAE S HE R . X SR DR R T ARSI . U=0.3kg/s
B U=0.5kg/s W 825 5 [n) & VKRS A MERN, U=0.3kg/s Jitim I HILATE ) & DK
JZEURR AR, RERIEILBEALL, T U=0.5kg/s IFIR R, TR & VK2 FEXT 43552,
B I = AR BB IR AE A AL LU 8T i & VK2 TR 4 A 3 % iz, DAL i
HAHE VKA B U=0.3kg/s A 5[] JE 1A HEDE
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1: U=0.3kg/s, A=1.3, L=0.445m, DU=1

2: U=0.5kg/s, A=1.3, L=0.445m, DU=1

3: U=0.7kg/s, A=1.3, L=0.445m, DU=1

4: U=0.8kg/s, A=1.3, L=0.445m, DU=1
Bl 3-7 ANFITER B 5 UK)R I AR HE R R
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K 3-8 ANl & N KR N A HERR LR, 1 TS A PR BRI, K
KR IR DK U e U=0.3kg/s. IRl DU, BIARS SOK, s IKE
TP Dy A5 & VKR R BRER, X B AE A U HERR I Bet=0.5h— Tt R LI W] A 5
AT AR 2 S 4 N T U UK 238 RISz 6 7 1) R (R R R, L A
BT, & ORZARD I I xBh e 5 1) 2l G0y et JF ORas LR IR AR K
TR HERRIAJE Y], AR RIS TR (RO BE Y DK R AR R R IR W), 4
AN B VKR AR — AN, RV B A s/ R e 7

1. U=0.3kg/s, A=1.3, L=0.445m, DU=1

5: U=0.3kg/s, A=2.1, 1=0.445m, DU=1

6: U=0.3kg/s, A=3.5, L=0.445m, DU=1
Bl 3-8 ANFIEAR T 5 U= I I AR
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7: U=0.5kg/s, A=1.3, L=0.445m, DU=2

2: U=0.5kg/s, A=1.3, L=0.445m, DU=1

8: U=0.5kg/s, A=2.1, L=0.445m, DU=2

9: U=0.7kg/s, A=1.5, L=0.445m, DU=2
Bl 3-9 AR UK 5T B 0K )2 B I A E R
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URIR I A ol B e 8 oK Bl S R PR 9

B 3-9 0 AN K7 30N 10 & UK 2 AR O ERIRL RS, IRl LUE Y, e
FAFAAR, AR VKT s OL T, PR U7 2OB B & UK IZARIF AR A
WA A4 o i) UK B0 |, DR AR S 0, s vKZ RO IO 22 OF
JR T AR i 28 R o

1

158

O0min
Jmin

TSmin  103min

10: U=0.7kg/s, A=1.5, L=0.3m, DU=2

S min

120mio 15 min

1Zoun

3imin

12: U=0.3kg/s, A=2,1, L=0.3m, DU=2
Bl 3-10 WIAEIRHT 5 5 L=0. 3m I & PR (1 IR AR HE ARk 7

Bl 3-104 151 EL=0.3m i R [ AH S5O I 1 ' K S R R, e 5 R
T, BASPIA R = B, TR & UK ZTEARBAT R A W A4k, R w2
G5 TR R AR B SR R, e K Ak 28 K D (DRI D) - 7 i A 75 F
REGR BRI LN, & UK 25 BR 2 oI BOR, HERBR AR 5 B vh 75 3 VKA 11
i,

CRE U BTSSR KRG, KRR S HCN IHERA L — A ek, B
JEAE x J7 In A B B BE T (x=4585mm), X —dFE AT I AN I 0.5h
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3 IKEMFER SRR

HAT 2 J7 R RN, ARG AT 2 007 [ PR AR e, BRI TR B 0K 2 5
RAZ G B TARIE AL, IR FEA TR, FEXRFREND z o SCBAN R H
UKT O R UK R AR AL AR I TC i, o S50 5 R IR AR B8 0
RAE S DY = AT

3.3.2 EIBFIEIKER RS2

1 _ESCE S, FEABORTT LA AT G & U2 AR AR AT UK R, AR
XGRS SEER 45 RAR W, W UKZ I F B AR DL R ORI HERR, BRI BAT T R
WY 2 AR AT & DK AR B KR A S AR AT HARH SR R AEHER vk
XERAL, x=0 B A R DX, B HH T At AN 95mm, MK 3-11. X8
%5 SR e h s UK AR DAL DK R AR A W AN

100

i I
90 | I\
II.

[ =
80 | II

- |
70 | ( .

L .. |I
60 -— IIII .
50 |- - " |'

i | | |

|
40 - =I II| T h
5 - I'..l .' |
30 II‘..| l. .I || ||
" u, " n
i I | [ N
ow (T e e e
10y |y I | | | ||| || lu'l | | .|,r*|
LI (- T ] . | .

0 P.iﬂ l- 1 ﬂ e w e F 1 '. " B

0 20 40 60 80 100

S0 SR IR

Bl 3-11 x=0 AbAFMLRT R UK = HER & AR AL,

R oK 22 i 1 (mm)

20

X ORI G R A R D RE RG240 BT R = 1 S AN SIS IR KRR (R kA% 4 A |
ki 3-12 BRI & RE S 2K CHSRKD il oK A5 21 ) VK BURLRL A%
Rosin-Rammler 73 A% bh, M 1] BLZ UK RORL A /N HURLBE 43 AR 3940, T
Al 7K UKL E 3 A WA [ o AR BT A2 B R UK ROk AL ER T, UKAUR R A2 A 25, IFIA
VKRR & UK )2 T3l 2 BE AL R R RN, AR E VK EIBE R (N A 2% &
XSG & UK 2 B HER S BE R 2, $%Carman-Kozeny 2856 23 3K 20 4T PR B S 1)
BB

k=C¢’ /7Y * (3-4)

o, CREKozeny 4, &5 BMEMBINTIEREG K. XTIEHE, C=
0.5619; XL =M, C=5974; XTHEKLK, C=2/3. LirBAEEMIER
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URIR I A ol B e 8 oK Bl S R PR 9

AR IR, HAEAE 05155 0.6 Z [, © NiE /gLy 2.2~2.4 Z ], SrfElign]
WC/r=023, ORBHANEME, ¢~036, D> AP IKEZEHI
A CEerinD (e, BEHLRIAI AR Y =1.896/r , TH&XT TRHIHLAE, X
(-4l 13-

(0.36)’

k=023
(1.896)

77 =0.002977; (3-5)

HIE R AL, DRBORL A BRI A HGBIE R k SRR EAR 7 e
T AR VCRURL V- BPRIAR LT A £~ FEOKRTRLIR 3 4%, DA TE BRI BRI v8 08
ALK £ BEOBURLEY 9 A7, W RIRAEA ] 54 T UK B UK JZ L HERA Y, 4
IKEE & WK 2 oy N B VKIZBE, JF RN ORI UKORE 1 B B BURR
B RS R AR T B8 22 B 0IORE 1 AE I I HERR o DALt s 36 3R B 2l /K K B8 5 7E 4]
EVRIET DA HERR I %

1

: O ZZERNEE
=1 o o #irkakmEE
i #i ok ok S 1E
R - = ZENINAE
L _ 153
07 q I,:fze(cirgu)
06F ! s
= —{ 1240
A b Y;=¢
8 osf } 4
g B
= D4}
=l
03t
n2f
0.1
0 : — -2 & 1|
0 100 200 300 400 500 00 700 800

TR IRCRLEE (prn)
K 3-12 &4 RS 2liK oK Rk A2 70 A % L

G3 A5 IEHIK AR LR AN, SCHRUPIR K02 19 SR K UK, AR SR 1
T L IR VK o PR UK I J R LR & D28 mh OKCRE 1 22 1] 18 72 B ARV R
P, WO T — P UK ZIR G R B, DA R UKt e R R 7 A — R
G5 He, 1 TIK T B A o AT AN RR, BIAEAERR AT, 7K 05 Bl R B AE UK b
TR, 48T E, WK 3-130R. XEKSFREBTLLAHZ: WEHR
A, ANZE BRI . ISR T B A UK R T, BEEARDN, £E51 (T A
IZF] 10000 ASKAH)VE FAERRGTK I E TS 4, BIXLEK > 7 AN
B, FEHSNYES I R ARG 1 H UK ZERAG 2 o ik
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3 KR F RS

JEW TR 5 I AR R I 5 — U B AT AR PR IR 7K 23 1A S e AR 1 A A
W, PR AR G4 EE . IXPPERIFR G RO R, AR 2 S5 Z Akt v
PEZ, 2 K 1 e L HE 3l R0 S5 R I DK R 5 Al I R
AR G | B R AT RO R T 2R W ), XM R I G A A B DK et RBORE 2 )
(RG], EE £ REDKIRE It £ A7 AE T UORE 7 2 18] i)l /K P BELLE 1
OSSR G5 R TR, RIAE £ IR UIOR HERArp, LA S UK (A A Ee sl
KUK BN B K2 IR RS e PR 2, T 3 UK IR AN B 2 A8 ' DK 2 b il e
o

/
LY

B e R, =

| R pr it = e
W | e

BakH 4Tk e spag e

B 3-13 oK JE B K 2 For i
3.3. 3 AN EIKEIERE

H b SO0 8 UK HERR S 56 45 AR AR 3 BT m] S, LR s DK A E DR HER ) 1
FEH iR, B 3-140 B 3-154x=0 Ab'& UK )ZBE N R R m AR L, 0
GRN TR, 8 SOX PR B N TR I TR () LA A DR R v, K] 3-14
A LA HAE AR IRT 5 5 R 0.445miP) I 50 T 5 S 50 BT 15 148 b ) 7] Je i 488 K
t=0.5hi, S N =1.3 K%L IAE 10mmPL R iffU=0.3kg/s,, A =2.1, DU=I
SIS MEAE 60mmBL T, TS &SI I ME AR 100mmZAi Ay, UL FaR S (1)
S AAT AT, ARV AR RS DL AR 5 0 K/ NR B UK R
B UKL AT s W R P e K, TR B SO, BT R T 8 UK R A B UK AE bl
RAETE . BB RIHER, ©0.5h, & UKJE D458 BAE & UK JE 1 I 3R 4E
DR ZENR TAEAR, SEEviE (2Rt R JEAM IR, S5 U=0.8kg/s, M =1.3
JSERU=0.7kg/s, A =1.5 FHLCIL SR MEAR Y22, RIPTREEEAR, HAH

45



URIR I A ol B e 8 oK Bl S R PR 9

[7i P 20 FLC 1 v B L 2 26 /s o PR SIZBG AR T UK, A i K
AHIF 8 UKJZAE AL AR TR HER

—=—U=0.3kg/s, A=1.3, DU=1
0F - e- U=0.5kg/s, A=1.3, DU=1
--a-- U=0.7kg/s, A=1.3, DU=1
--v—-U=0.8kg/s, A=1.3, DU=1
10 --#--U=0.3kg/s, A=2.1, DU=1
E -- «4-- U=0.3kg/s, A=3.5, DU=1
B I Y N W - U=0.5kg/s, A=1.3, DU=2
= 200 V. —we--U=0.5kg/s, A=2.1, DU=2
B , —*—U=0.7kg/s, A=1.5, DU=2
i; -300 |
-400 | e
-500 N 1 i 1 N 1 i 1 " 1 i 1 " 1 N 1 " 1 L
0 1 2 3 4 5 6 7 8 9 10
R[] (h)
Bl 3-14 x=0 &b °E k)= BEAR A (L=0. 445m)
0
50 | —=—U=0.7kg/s, A=1.5, DU=2
- - U=0.5kg/s, A=2.1, DU=2
—~ --a-- U=0.3kg/s, A=2,1, DU=2
E -100
st .
E 450 L
53 150
%\3 -200
250
N oA
“e. - Y
T~ k- ge e - - e
-300 . 1 N 1 N 1 N 1 L 1 L 1
0 20 40 60 80 100 120
if 18] (min)

K 3-15 x=0 &b K2 AR (L=0. 3m)

Bl 3-150F N TR T s B2 R 0.3mIP) SEge 1% i, BT AT LLE H, t=15min
INF, A KRR B 34 O AE 100— 150mmi B, i WA AR s B A B T8
UKIZWIEBY B AR B VKRG O HERR, FERE S ER U R b, S-S0 ME A R 2
AL, B S ZR AR EEACAH [F) FLIZ T 2%, 1 BH T R4 e v o o] (1) 36 T PR ALG
TEZJ7 T R HEA DTS R W AR08 . ot L rp i 2608 n] DUR B, 92560U=0.7kg/s,
A=1.5, DU=2 A b e S0 L ME AR B BENY, 30 & UK 278 L R B i e
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3 IKEMFER SRR

WK, HE5E 1 3-17 K& 3-19FH MY () 52 5 45 ROA T AACEL, S vh &A1Y
DUBFEIE F IR, RS A LI A v e SR, A BT UK 2 AR T8
IR, RN EEU=0.3kg/s, A =2.1, DU=2 SZI& &7 B 0T % e BEAR o) LA B,
[F]— I 20 N AH LG e A S, esE rh i BE R L (x=292.5) M OlRE (x=585)
(030 I e P ] A, &5 A otk (x=0) ST R& i A 25 o T LR BN,
L SIZG AR A A Pl BE Hp S A S REAL, VKR RS SRR R o KA AL S I A PRI
XPEERT LU I, LA 3G R B L SIE6 45 AL S A

—=—U=0.3kg/s, A=1.3, DU=1
0F % - e— U=0.5kgls, A=1.3, DU=1
- -A- - U=0.7kgls, A=1.3, DU=1
— v— U=0.8kg/s, A=1.3, DU=1
100 L --#--U=0.3kg/s, A=2.1, DU=1
= --4-- U=0.3kg/s, A=3.5, DU=1
= e U=0.5kgls, A=1.3, DU=2
st --@-- U=0.5kg/s, A=2.1, DU=2
= -200 | TSv.  —x—U=0.7kg/s, A=1.5, DU=2
=
A
I;?‘ \v
T -300 |
-400 |-
500 1 1 1 1 1 1 1 1 1

i) Ch)
3-16 x=292. 5 4L E UK)Z B EAR4k (L=0. 445m)

0
sk e —u—U=0.7kg/s, A=1.5, DU=2
o N - o= U=0.5kg/s, A=2.1, DU=2
1wk ‘ --a-- U=0.3kg/s, A=2,1, DU=2
=]
E
= 50 |-
&(
it
= 200 |
= 250 [
- == —a .- - —e
300 |
-350 : 1 R 1 R 1 . 1 . 1 ; 1
0 20 40 60 80 100 120

fsf 1A (min)
3-17 x=292. 5 AL & VK JZE H EAR AL (1=0. 3m)
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50
—=—U=0.3kg/s, A=1.3, DU=1
- e- U=0.5kg/s, A=1.3, DU=1
0F ‘o - -4-- U=0.7kg/s, A=1.3, DU=1
B\ T --v—-U=0.8kg/s, A=1.3, DU=1
om0 b B Ste— --e--U=0.3kg/s, A=2.1, DU=1
£ VAN v --«-- U=0.3kg/s, A=3.5, DU=1
g ¥ N ’ -
= - W —pe U=0.5kg/s, A=1.3, DU=2
= VG O\ -e--U=05kgls, A=2.1, DU=2
o[ . X —»—U=0.7kg/s, A=1.5, DU=2
iz 150 - LY, \!""""F'
::-é ‘.\ 3.‘, “, “
— i N L X
= 200 e,
] N
-250 + \."“.
=300 n 1 n 1 " 1 " 1 " 1 L 1 L 1 L 1 L 1
0 1 2 3 4 5 6 7 8 9 10
iy [a] Ch)
3-18 x=585 AL E UK e AL (L=0. 445m)
50
0F Aeoeee A
I :--——v-v——w'-—‘b:‘-."_'_;:-_'_----i
50 | ) ) B
E
\E -100
53 150
_'i 200
= Lol —*—U=0.7kgls, A=1.5,DU=2
- o= U=0.5kg/s, A=2.1, DU=2 \
| o4 U=03kgls, A=2,1, DU=2
-350 L 1 " 1 " 1 " 1 L 1 L 1
0 20 40 60 80 100 120
if 18] (min)

K 3-19 x=585 AbiE VKA E EAR L (L=0. 3m)

K 3-16— - 3-19 40 SilkEr £ (x=292.5) KilkE (x=585) AbM)E UK
VTR R E AR, PR C S BE A T4 B AL R, (E AR R A R A
UK R R AR AR T AN IR, FURTE RSS20 2 N AR LA K

3-200 -SRI B T A W VKZAE R0y (x=0) AbJTFREER & UL i,
s BE = AR DT R AR . AT LS I Bllx=0 &b 13T R
A a5 P BT R R ) AR A LT 58 A R, L=0.445mAJ I fE oL 1
B 2H 5250 1) B I GG N DU ARG K BE S B R L, L=0.3m &4
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RN AL AR . e AR AR, A SO0 AR AT ) e Ab B,
WA VKIEHERE 1 10 & UK )= 58 42 e il 48 AL & UKAE, R BRI 17 [ b
P E UKL e (I 525 AF, Be En DAAS20E . $2 M EIRTVE, AW Hgt
177 BAEVHSE, BIRR 7 PUAK A B ROR AR RS, SCR ARSI, BARAA
AT LLZ DL SR 20 AT SRR ) 45 2R 5 SCRR G SR AT EE B ARa 35 AR TR, (HEUE b A7
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f(Rep):(l+%Re), X} T-Stokes A3, f(Rep)=1. 4kStocksFOssen Ji7, A/ D
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PR E R, RIS A UK rh i HESh B A . B AR, TR
IPFBROR, IX 7 B HE BN B S VKR TR 2, R 5 B RS &5 UK RS 0 R 2 fih

B E VKEHERUEAR, LK 3-85L4 6.

"y +
p Het o

m

IPF=10%, t=2s IPF=1.3%, t=2s
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IPF=1.3%, t=4s

IPF=10%, t=8s IPF=1.3%, t=8s

IPF=10%, t=10s IPF=1.3%, t=10s
K 4-16 U=0.8kg/s, IPF=10%, 1. 3%H [k 1~ kB B 25wt Er 1]

MER S b AT DU H A DORL 1~ (AW N 85 UKAR P OKORE 1~ 1) 250 6 A W
K, oy BIFIEHERR e, RESHENE LW INTERE, BR%IE S8 2 MK
RLT-AE B VKRS N S AT 02, A Bl A& UK FE T LS I AR I v UL, 4R
Mz 4-18)THEFAS 2], i A& & 10%(1 1kgdKIEH 90 1 mFIER B RURLIK
R AN B N 2.8 X 1084, R AR ST A (S LARE 2 PR gk T s X — H i

ARSI NERR AT 3 0 S SEBRERAE B A FER UL, B 58 A0 W BN I I 7R
AT ARV SN, (RN, B TR 20 H B3GR, & UK YIRS i A4
(AR D AR e A2 T U5, WA TR it IR S SR T 152 IR A g AN T 4 11
A4k, AH R BT AR FF B — P o, 3K A S AT R . PRI AR 1Y
B2 UK N & UK 46 [ B ) AR R A AEA0L v 43 20 AH BY. (1) DKL 7184751
75, NI RN U B 5 A oK 2 MERUE R () e g ), X — H bR LA ARSI
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4.3.6.5. HIAIE SR R R R K BURLHEAR A BT 2 TR

L=0.3m, t=2s L=0.445m, t=2s

L=0.3m, t=4s L=0.445m, t=4s

L=0.3m, t=8s L=0.445m, t=8s

.

RRENR
L=0.3m, t=10s L=0.445m, t=10s

K 4-17 U=0. 3kg/s, IPF=2. 1% AN[]V& 0 iy 5 DL HERR ) A8 56 LE P

m

B 4- 172 FE SR ATFARTR, ARGV g BEAN TR (R D0 (10 RSN 1 I A2
ST, 2248 2 & L=0.3 L=0.445mB [RHIEE R, 6 Ll B A Bl 4 1
o, R AR, DRI A S DRI 23 b i T ) DU J RO, I FLUK
FROURL_F- 97328 1) [ Eh 3 PRI ) B, — ELBAb 3 B Ry, DORE AR 2 7 i A
REE, Rt TURERD, Fohdie b R UK R g, A A S A
LR, R TEE]— MDA E IR A 5 SR AL R LT [ HERL, DA e HEAR
45 SR AL L B IR DU R S B DR HE AR D, 1y NS il A SRR DK IR 22 110 ' UK )=

ZERy . DL 3-10525 12 [RI45 5,
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4.3.6.6. [o]_EFOME) T Hik 7 NAS B B Xk Fur D B 22

CA E2 F R 38 2 1n) 3 AN OK SR IR T VB 0K IR () B A MERR R, 5 FE 2N ]
H KT 2T BE 2 5 R VKR SRR R RAN ], A SO UK A 11 7] L 5 H 0K 7 ik
AT TR o OKFR ) SR & — AN KR 55 38 DR v DK H 10 T3 SO R
B AR, WX — it FE P BLLRE BE R I UK 2R n) b M5 8 5 v N B UK 1)
R FE, 3 A ELTE NIRRT P SR, IS T L ) ) G0 R T 3B R 5 SRk
ATXTEE o IX LA 73 M I8 74T, KUK R AR S S I mAk, KSR
[F) KT B0 8 1 P AR o MR ) R R AL 20 B i AT s 3 LR B, i
P51 A VOF (Volume of Fluid) VAP HlLevel set™ )5 14545, A3 % I VOF
BEARDHF UK 1) E g5 i R A T AT o

VOF 7 5 I RE A Jif BRI T8 L 0T 50 94 587G v PR AH B 22 A i A4z B0 A0 5% A i
PRAE A TP AR L R Al A SR E B I, 28 B AR Bl I TR PR AR Ak . RS
BT IEA A TR S A 2 W& A BE FF BAMEFA . X VOF 1k &z sh 7t
THTAE 5 ) R F 5T ] 2 L SCRD e e A SRR, AP 7 Bt

UKI BB B R R 5 R

9% yVi=0 (4-72)
ot
I WANEE
%(pv) +V.(pV.V) =-Vp+V.[u(VV+VV)]+ pg + F (4-73)
X B F G
p=Ap+1=4)p, (4-74)

g UL R bR k- e 7, 183 S AR A LA B (geometric
reconstruction) J7V%. WKIHRMEHIAPALE TR, WIBBIAEE 130 5K 3
FERE I G4, WA A R4, R 430NN 248, iHE SR
i 4-18F17~.
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liquid {vol)%
0.85
o4
0.85
og
075
o7
0.BS
( 0g
055
f s
f 045
04
0.35
0
] 0.25
0.z
015
0.1
0.05

v=2.29 m/s v=2.00 m/s v=1.43 m/s v=0.86 m/s K il
Kl 4-18 H KA B K ) W5 AN TR T TRIAH 23 26 A8 4k

P 22 BIATAR IO N VKSR CURLIEE ) 8Tl (4 i) ) S I PR AT
IrEARAY, RERAS A AL UK ) WS N T, AT DU Y, BN ORI )k
/Ny ) B A R B N, (HURAREEZZ R, 3R I AU AE N KA1
I DA AR R AMEEIATZEAK, RAAEE WAL 4-4. B SR L] 1
K R KA LS, AR T NS UK H d i e S e L R
B2 S A VKSR 1) 5 UKRE ) 1 MR 17 28 = 555 R S0 45 R R B 1) L % 1) R H kst ok
SRHERRIC M AN, 32 JE AT LLRR T, 5 3 RS PV 1 T ) T AR AR L
AN BVE ) B ORI 3 R AT R FEIE R 0.3%,  DRIEAE v S v B A
T KT AN RT3 RS X I UK HE R AR i th AR DR AT B

R 44 PRI IR LTI IS NV TR B PR ST BB A F) AP A

i (m/s) BEHE . (mm) BAU L (mm)  SEEE
2.29 21 54 /
2.00 21 60 74
1.43 21 54 65
0.86 21 61 /
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4.4 FREIGE

A FER BRI 5 26 UK SRR P FE AT IR, REAI 0T T R A8
FH B MR, 5 M dge 15 L () B AR KR VR E R B ASER H R, WFSTAE DK
ALK SCAF IS B ER IR, 45 2030 5 B b 0 I8 DR P UK R HERR R T
i 7 1) IPF ARAH IR A o SR 5 Ak [ 5 P9 AR ) B 40 AT, SR A 1
HOAHRAY , 23 BT BOAH AE & UK FE (K038 37 » 19 38 BT AH DK BURLAE 33 (IS AT s,
55 3 e T 2R 4 R I HER SRR JOW B & UK 2 TR S0, 73 21 (1) 25
Wk

(1) URHRBEARHER M BB AT S0 45 RN LR ] i ST RO AU A A )
VKRR IR N KR B AR HERN G W AL 5 UK AE 75 UK P BRABHERAN, #5 UKl e
PRGBS EPE, S AT RS E DK A TR S 0 R 31 0 110 [ A 5 e B
s VKRL P RAROR (RO BEARHERR I RE . FLOIORE 1 BV TR, [R]— %1,
HERUIE BEFR) B DK 2 8 5

(2) P 5 REOCRHASE 2R r (1 RURE B AR TR A T L S IR Y PR T NS DR )
B, MBS RN T VKR HERR I RE (1 e 1) o

(3) FERN UKL UK NI B2 oy A (R B A DA R 200 1) 475
AR, B S A DKORE T Bt AT 47 i) 3 DICRE DU J) 5 R HE AN

(4) AN BUKIIR TPE K, DRBSURLECR By ) & UIHE K SRl e e ale, DU Jol 4
AR

(5) FRARAIURRIT = 52, VK2 2 A 38 OKR DU e d BEDRHERU R 2D, Tip A
S rh A A HERR UK 22 1) e DK 2 454 o

(6) AHS VOF BEARU [ b H KR (AU B 1) UK S 1) B B OKAH EE,
AT LA R RS ORI i b ol (R 2 e ] R 50 5 A DGR 170 28 DKl
JEILHERR
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5 IkIR AL B 7SI

ENASVKEE V2 ML VKRS A7 1 KR 5 A0 SR A7 A 3 B 4O S A R v
AT 7% T R AL S IR I I A AT o Dy SEILBN AR VKE VXA, B i 1 ) A
AU S B UK AE B DIt P ) Ry S RO v DA RAE RV I 2 (R R 1 HH KL
JEo MILEITE, FHATKE AR T RICRS AR LTS AL , AR ATKE % ik
TR v LR (1 S0 e AN D ACEE UM SIS (10 A o M UK SR b AL 1) Bl 2
Fith, NBhAUKE Ve RGUSEDUEERL UK S R GE I AT A SR AL RE At o

5.1 IKIREALSRIE R4

HEAVKIR R S0 R 48 1 5 = B UK R A R I SuE Ik, sl 5-157
71Ny AU KB 20 452 (103 43 DAy ARLAUL 2 8 B4 I I N R R r R 45, G R e AR S
T G EER A0 A SR 1 A A B 5 RK A 45 B S 1) 7K B2 B AT, AAAR
e 3t 2R3 F NP S BE N SR E, T8 BN A ) B T e R S A AR,
AT A DL SIZ B A Rk AR A7 A 1 ) o A ) 512 2 08 0 PR 0 kg K 3 Rt e Bk
R, ARHAE M E VIR S 5 i AR e R 1] I R v e e 5 R A
G e FA MBI L 1 v A T L NS KA, g T 49 S Rl S DR A i
JE3%, FERUKIRIKIE 1 & VKRS ) e B T 38 16 ANIREE i, LI 3R PE100
PO B R TRL A A 52 i,  FPE100 H e BN ok [P K BE R, e B e s
VKA P S B RS o A, LRI SR S A B I 520, R R
KA BT R AR 2, EE VKRNI LA M & T 3 EHAE
i, Forh b2 & vk Rkt 1 IE R 7 A T AR A, B R I P T R
RN, PR TRET S IANI R E . T2 I AL, T
FLAR A1 (1) LA P RS R 4 o ) b Ja i P88 3000 4D 4 SR S AH Y () 9 o
I EH A R A R R LA LUG 0T o Bl R A RGeA HIPCHL K Agilent
349T0AZIHE R AT K o
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HLn A3
_______ _@'_'_'_'1
I
e -
0% v
| Xl‘fﬂl‘]a
BT 4
7J(7J<
— ____|<___ -
o ik
K 5-1 UKIERLSEE R G R E K
::E_:__::::;:::::::;%______—_::::|::::::::_:______::::___ - F--—F-—-—- - - - - - —I- - - - < :
*g _ _ 4 'I 1 1 1
Tepl—— e AT it el inlintielili 'L ————— £ —————
819
e
v HEMWL
S I 7&5)\-:
|| G
N

Bl 5-2 VIR Pyt A
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5.2 IKEMILLEISREKLESH
M S-1SER AR SE, REUKSEIG A FEA D B h -

(1) $ZMEE =R B VKB P IR, [ N VKSR GERI N 1 DK IR [ AH 5 i S S
ESHGERAVGERE, AU BI& e E, THGREK S .

(2) FTITHUIMAAGE RN a 56 B b P K IR R B A A, X9 A%
FEVRIRIC AT 56 T E 28 58 1o

(3) UKFRAEE VI NHERLGE R, FTIFARMUR M) b, Pl ok B
WS, JTRERRERSE, KU LG EH .

(4) BRI G2 VKR i MRk 5 4 0 2 B 007 25 DR A 0k 5 1
SRIE A IR RS, SRR K.

(5) VRSB, THSIHOIRIA KR, A5 (1)-(4).

(6) FFTEAN LKA — AL G, EEDR0)-(4), SARRKN D7
M, e — 2 SEE

(7) SAREKN I IECE 2, R DR (1)-(4), 58 LR

RS BRI S 2R 5-1

*5-1 FhUKSEE S HCR A E

RIKAN VSN iy T e RUKRI = s N
(mm) (kg.s™) (m.s™) (‘C) (m) 1iE
21, 16 0.3~0.8 0.8576~2.2869  9.1~16.8 0.3, 0.445 1,2

W NSRRI 1,2 40038 R RO W
5.3 KERLLIER&ITE

5.3.1 MK RPEKEREZBARETL

Kl 5-3— & 5-472 3 0.5kg/s, > FH ER NS Rk K I 30t P58 I e 1) 1) A A
KFR. KPR LUK e, B HUDEE AT, o B 5-3 3 H &8 UK 7 L
[ MW ERTBAE tH, AN EBIRJE4ER(E 12°C A, i RS e W] Rk I
GRIIZT 1 3N FR BERRAIG,  BEAE ok AT B, AR BT 10 43
B, T R AR, (EETE EARI A M2 R R LB B, (H2 A
R 28 mT DA R LK BB ) ) FL R b P Tk 56 2 IR VT U3/ IS T o LK o [i) k3]
15 734G, X — ETHRsEak 2, KRB Bk R 15 2080 )E,
13 B2 B IS TRIHERS A AL Ze B n,  th & R R IEARYE R AR
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14

12 r

Ll ﬂnﬂﬂnﬂnnﬂnnnn“ﬂ““““““
i} 8 r o
O o el
= ot "

. : ——JH1E

z v " —]—-Hj#%
0 - = 2

&
Bt 1z

1 4 T 10131619 22 25 28 31 34 37 40 43 46 49 52 55 53 61 64 67
B8] (min)
K] 5-3 U=0.5kg/s, & UKFEHEH 6 BE R TR AR 4k,

Kl 5-4 0 REUKIN & OKAE N S Al el (MBI 520, AFs kAR 5D
W BRI TR AR AR R, b & SRS TR I 21 5 R AR, Bl 5 % il
b, BEANBMUKSRREN, A& A bR &R 1 PIREREES, 3
BRI RV AT — i HJ LT 55 A S A (7] o K BB 5 AR ik A 2 48 0 {1
1 1CHE F ISR EE A “ E VIR 7, AREAE I v B oA & RO FE TS (1 35 2R X
R BEAERLKEET, 78 1 CGEUKRE SR B b s, SN adk®E
B B EI 8 AR AE R URRY BE PG T, BhvKZy 7 B Ar e 1 & s G
HARIHGE , FEAERH T 1A Bl F b A2t 2R T, FRENS i 7.
FHNAT UL R, R R R SR R IR R K I AR —AMER X QR
AN T B, 3K —TE i X IR T B &% s P A PRI A7 AN R T AS [R], A SEEB 25 2R
F, BT S5ANOEEMHEND T ES S 3. 4. 64 8 IR M T HBALAL B X6 FRI
TR Rk I AR bl BEAR [R], (AR R e T Z AT & 2 & rh 2 BT A R mi b i st 45
PR DX A, (R SRR E S I TER X KRR R KR SMAmE, T2
(P PEL D A, T R IR X, P X 45 R 1% e B BT, R
A AR B R “ IR R 218 B, thNEE AU, B ILARTE
Rk A o IR R By, BB A S A AR AL T RS AR X
W2 0], AL T E Ak .
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16 F [——##@# — % = TFE1 TES TE4 TR —— TET TES
TEl —e—drE2 T Es =g = T ES O EE trEs —— FEI

14 r

12

10 F

HE T

1 4 7T 10 13 168 19 22 25 28 31 34 37 40 43 46 49 B2 BhH BE A1 64 &7
B[] (min)

K 5-4 U=0.5kg/s, 11 EIVKISE VKA P L R BE I R) A2 4,

AR K AR R AR DU AT R VK S g, SR 2 R L T A A
1 AbiR R BT, Hoe AR IR X I, 5 RIRU=0.5kg/s ) S50 45 H AR,
(EE BN A I RO S s PE AR S S AR A S B P I 5 R P AN, G
5-5FR, BRI hU=0.5kg/s, A & A ELOKEE DI @Ok EE > A, BAR T
PR RAFAEAER D, FL NS 45 RAEAORTE U547 B 200 R e X ey B =
BARMPLE, (25 O oKL, o R R0 e R UK 5 3 B T4
RIS B I T A kA9 — WA R HH PG DX, S Ta) 4 L
5-37 s [RINAREL, R 2 5 IR EEAAEIAIEAAMF,  HAERLUKI A 4
—11 PP AREIECR, BRI AR, Jfgee BTt EAE 1 Ak,
JZ 1R AR NER X R SR TR, LOOE M2 1, HAR W = ER
DR T YA BT sl IR AL 001 “ B 7, o it B 1, AR X AE B
B3 R, HARMR X S5 a5 i B E BT, 7R B R BN e LT S I
[ L, BRI “ BRI A ).
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20
—— il —— 4 = TFE1 TE: TE4 TE: —— TET FEs
18 r TEL ——E: s e TES =T TEs —— EE1
16 HIE L
14
12
~— 10 F ”ﬂx!m
o Wb BERN R RRIGTE
= 1 ok Vi e S
o o G s
4 i v
2 L
0 {l ] .H
21 TE1 HE1
_4 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 63 61 64 67 70 73 76

BF[E] imin)
K 5-5 U=0.5kg/s, XU ElyK ;5 UK Py i, R B e 1R) A4,

5.3.2 RAKERE DML

Xt BT RR UK SR LS BEAT 73 AT R DV RROK, FERTAR DK 1 735 A Rk 2t
R T ARIE BIBEE I 12°C i AETT AR AL UK 1% 18] 55 Y AEL S — 20, 200444 20s
AIER 12°C, [FR AR TR . XM IR EEH AT SR, o
FERLUK T AR IR 68 Hh AR B0 TR DK 45 R PRIRARL AR TR I I 540 s AR 4 v
SR s L U - KT P R e oA 88 DKHERR 10 D2
PR, — B UK R i T AR IE N TR ETE, IR SR 4
G I AT 4, (B IR B By A A2 DU AR I O T, DI B 1 Rk
A PR AR S A A b T ) AL P o E ok 0 W IR vy DAARRE XL I RlOK I ) 463
BE AR AR OISR, BITAS RV Ji 2R FH OO0 IS ol g 0K R TR BEOK - il
OKEAINAL S, DA e FCA ) a2 R PR DX AT B

X FLEE A i AR A R 23 B AT LA R K IS 1 R VA RO B DK i R T B T
TERA T RVKAZAETT ST I 20, RiOK VI N & KR, (LB ) K i
TEHIE SO & DR 2RI 2, TR MR DK EE 1 R ) i 7,
HB 5-6, Bl e BEE UK Y i v v U A T mh 98 20 - 32 A T ) [ )
UK, AL 1 B AL T IR N, B A2 SUBEREEL L 1R 52 s, WA
e AL 1 I EJR 1 ESEZ B, DR de oty 1R 8 130 T Py
SRt O W1 Pts o~ W = W 5 B W ot 11 7 N B D SO (A S B
RO B B O R . EIRETE R A, TR KRR S HER S &
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(RIASE Sk, WHREE s S5 K 4-9rh R I AHEL, R =% mdb s
URIZ AR, F 3 2% S AR BERE DR EF L IR UK AR, AL AETRLE 70 A
it £ ERBA RoKIEEZ HBL, RN b R RS RO E AR, HE K
JEIT R AL IR I TR AN, e S 20 A1 P BRI T 46 BT TR AN o
M AT LA, N “IEIE ™ 38 I F R KPR 1) 3 8 DR JER I 2 A R R
[ DY A9 LR R AR B2 4% s e, i ARS8 R KRS, [
o AR TR B 5 s K IR AT [ IR 220 B Pt FEE I A AT 5%, (LR SIE B K IR U
Yyl TR KR AT A A T2, BRI “H R4 A0 30 44 64 8 JFRHI T
Pt A A B B i AE LUK R R AR A7, R R AL 2 A0 5 SRR T
JSU, (B R 5 P AR A7 T HAE T A7 A TS M TR AL 23 UK PR ZE A 7S
AR TR R f i TG BT B S DA i 2% R A 2 LR R e s U e
TRLKEET, & UK R R 52 S AT, & UKR T, PR )E KoK
MR, RS B, ARV AR, JE BEA R I i A
I, WA SR 3 R S SN

K 5-6 UL EhiKRE R i i TE

CACE AR 20 Bl DA B R DK 300 1 PR e B it = S PR BTt A
M1 TR BTG T BlKAEIE B ok SR ) il AR i “ TS e
BRI TR R (KT UKREAL 10 R LE K AR (R PR Y DRI IS Al
IV LA, Bl Rl DK IEAT “ T TE ™ AW K BE R 2 2 E N B VKR,
117 _E 3R TR R A UK Bl IS H RO 32 B 2 A ) SR I SHS AN IR N ) s i
VB AR O B, AR RS (P BOR Ty, B IR (T
BERG S R VR ZE B S TR S RE IS T e ST R K AL
FEETHaSE, Bea TR U P UK AN BT R, FRR UK AN B, f 2 R
JEE R g ke ETPIRES .
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BRI Gl s g LS, AR n] LUR] RACE R Js I EA 0 A Bl AN [ )
XU R VKIS PRI 5 50 AT B AN, 7 B 1 48 i Ak 100 3t Al e oo
B, RUKIN A CETE A, BONE DRLEIR 1 IuKsERL. TR T
XU R, X PR AN 1 gt A B BRI, ORI X o K2 1
AR BRI, Rk s i A S I DY A i, B e “aliE” (EH xy
SR “AEE ) AN R R, IR REEIE 7 ST KB
TR R “ALSEuR ", I I F) e DK G R ARDRT BEANERUE S JR 8 R B S Tt
F, R ELUK I R RS s A 2 1A B BRI .

5.3.3 Rk ATIRMARMEN

SR NATA: MRR LR P A S P
A O LT 4 8 7 SR 2 ROV B S B, sk
(51, DA EIEL B B Q. FLREB A M ATTA . B RERG
VRS AU O P e e B X B S B 0
T, A LTS TR “BE ™ SR S ). B RS T B
PR H1 T HE e 1 4 T AR 6 R ILSR P 8 7 S B
L T ELAL SRl EHE B B AR E LR T AP R MK e, L
RFRIB (5-2)
awk;ﬁ%fi (5-1)

B oV
(N -T,)/ (T, /'T,)

(5-2)
Ath VIR S PR B UKHE SRR AR, A 2 A BT EOT IR 2, Q
Ay Rl K A
0=Uc,(I,-T)) (5-3)
B R (5-2). (5-3)A 15
K=Uc, In(T,/T,)/ V" (5-4)

KA S 1 A AR U kR e 0, AR R IE S PR ZE T, KAEDBOK, Rk
HeI R
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26 | # tm=9.1C U=0.8kg/s ¥ || L=0.445m
24| 0 tm=9.8°C U=0.8kg/s i1l L=0.445m
ol o & tm=10.5C U=0.8kg/s #.I1 L=0.445m

AL AT (k.
(¥
T

%

7

R

To = AN RK B R] £/ ¢
K 5-7 U=0.8kg/s, L=0.445m, AS[FJ¥E )RR 1 El vk 5 R 3 R 4L

B 5-7TH N ORISR AR 0.8kg/sIN IE S 4N Rl oK I ) 5 28R R B 2
B oC R, R R s T RNl OK IS TR) T, LA A SE Bn Rl K s )55 gk 52
JR S TAJ e TP UG K 3l vk 45 o) X BETR]) LA, PN AARR A b DK R 28 B i ke

. o e e L i \ 1Y L
%ﬁomﬁ@%ﬁmwmﬁmwﬁﬁﬁﬁmwm¥wﬁﬁ,%iiMm,Uﬁ@
f o

UKIHE R . TR DU Y, FERLVK I D AN S OL R, BT Rk
HE VOIS R B & UK A AR e A SR 0 A R DK I (8] (R R4 T B sk, 7 ©=0.2
Kl A, R i AR IR w, BN BRI R ECR, 2 a1tk
PRBMARG N, R BRITER N o e i e i N/ R) k3L R 1
SIS AT DU, A (R Bl 73 2 () AR IR EE AR ZE AR, e il 2 vk
AT R G IR, XIS i 2.

H TR, B 5-845 H T WIAR WA = FEL=0.3m, U=0.3kg/s 1Rk 7%
R HL M 2 R, WEIT e LUE H, e A E R, BARZE iR
FEM 14.2°CHER] 16.8°C, AHEI LR BT I A TR AR AR R H |
Tty ARAERKHIIG I BE 1 =0.1~0.3 I, T,=16.8°C I f@lyKKAE i thT,=14.2°C
I EOKKAE 22/, JE B B KB ZEAAH R . FIRU=0.8kg/sFTU=0.3kg/s ][]
S8 VRS 5 Rl AR 11y i P8 P (1300 S 5 SR 3 P Rl o 1 9 o) 2
AR EFEM AR, B R R K RV RO B2 T T AN el A AR e R B8 K
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2l o tm=14.2C U=0.3kg/s H.11L=0.3m
A tm=16.8"C U=0.3kg/s '+ [1 L=0.3m

UEMRE (kwom ™. k)
o
T

B

7

R

0.0 0.2 0.4 0.6 0.8 1.0
AR UK TR /¢,

K 5-8 U=0.3kg/s, L=0.3m, ANFEIHEEE T # O oK AR R 5L

Kl 5-9 ARV R N WTUEIR I B 0.445m ) 2R B0 22 B0 s 7] 22 44 1)
FKF, U=0.8kg/sI & 5280 T A KAR 1 b H S 4 02, WRRAE 0.3~0.5kg/s 2 I
B S LKA BAR A B Xl HAT i 9D AR e R el A, R 2
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Tanino & VKA R SK fiE

\ SRSy

I A ell 9 R FH 2 TR 2R AR ) PN 49 050v2%, E R ARG R AL B 2R R I 3 ) A 1)
TEAS BRI, BRI 2—1 Fios.

BB 2-1 K v 5 kil 23

& HIERT

function icestoring(xm,yn,rho,m,n)

l1=g(1); wl=g(2);
12=11-1; w2=w1-1;

dx=xm./(m-2);
xdiff=dx.*ones(1,11);
xdiff(1)=0;xdiff(2)=dx./2;xdiff(11)=dx./2;

dy=yn./(n-2);
ydiff=dy.*ones(1,w1);
ydiff(1)=0;ydiff(2)=dy./2;ydiff(w1)=dy./2;
%%%%6%0%%%%%%%%%%6%%%%6%%%%%%%x node
x(1)=0; x(2)=dx./2; x(11)=xm;
for i=3:12

x(1)=x(i-1)+dx;
end
%%%%%0%%%%%%%%%%6% %% %% %% %% %%y node
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y(1)=0; y(2)=dy./2; y(wl)=yn;
for j=3:w2
y()=y(-D+dy;
end
%%0%%%%%%%%0%6%%%6%6%%%:%6%6%%%%%%
xcv=(abs(x(3)-x(2))).*ones(1,11);
xcv(1)=0; xcv(11)=0;
%%0%%%6%%%%%0%0%%%%%%%:%6%0%%%%%%
yev=(abs(y(3)-y(2))).*ones(1,w1);
yev(1)=0; yev(w1)=0;
%%0%%6%6%%%%%6%6%%%%6% %% %6%6%%%% %% % %%
P0=101325;
P=P0.*ones(n,m);
%%%%%%%%%%%%%%%%%%%%%%%%%% calculate aE,aW,aWW ,aS,aN,aP
for i=2:12
for j=2:w2
aE(j,i)=1+5/8.*xcv(i)./x(i);
aW(j,i)=1-1/8 *xcv(i)./x(i);
aWW(,1)=aW(,i)-1;
alpha(j,i)=xcv(i)./ycv(j);
aN(j,i)=alpha(j,i).*alpha(j,i);
aS(j,1)=aN(j,1);
aP(j,i)=aE(j,1))+aW(j,i)+aWW(j,i)+aN(j,i)+aS(j,1);
end
end
%%0%%%%%%%%6%6%%%%% %% %6%6%%%% %%
for i=2:12 %upper
P(1,i)=P0;
end
for j=2:w2%right
P(j,11)=P0-rho*9.81*y(j);
end
for i=2:12%bottom
P(w1,i)=P0-rho*9.81*y(w1);
end
%%0%%%%%%%%0%6%%%%% %%
for j=2:w2
aE(j,2)=1;
aW(j,2)=1-xcv(2)./x(2);
aP(j,2)=aE(j,2)+aW(j,2)+aN(j,2)+aS(j,2);
end
%%%%%%%%%%%%%6%:%% %% % %% %% %% % Y1 terate
P_0=P;
epsilon=1e-5;
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delta_e=1;

delta0=0;

n=0;

while(delta_e>epsilon)

for j=2:w2
P(j,2)=(aE(j,2).*P(j,3)+aN(j,2).*P(j+1,2)+aS(j,2).*P(j-1,2))./(aP(j,2)-aW(j,2));
P(j,1)=P(j,2);

end
for i=3:12
for j=2:w2
P(j,1)=(aE(j,i).*P(j,i+1)+aW(j,i).*P(j,i-1)+aWW(j,i).*P(j,i-2)
+aN(j,i).*P(j+1,i)+aS( j,i).*P(j-1,1))./aP(j,i);
end
end

deltaO=abs(P-P_0)./abs(P_0+eps);
delta_e=max(delta0);
delta_e=max(delta_e);

P_0=P;
n=n+l;
end
& iFEER
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/**************************************************
Ky hb 2
**************************************************/
void writ(uint x,uint y){ //main algth

int temp1,temp2,temp3;

uint st=x,ch=y;

float retf = (float)x/(float)y;

float retf1=1000*eeprom_read byte((uint16*)1)+100*eeprom_read byte((uint16*)2)
+10*eeprom_read byte((uint16*)3)+eeprom_read byte((uint16*)4);

float retf2,retf3=1,retf4;
float ret=retf;
retf2=retf*1000;0
if(retf2<200)retf4=0.15;
else retf4=0.06;
if(retf1!=0){
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b > =

if(retf2>retf1 )retf3=(retf2-retf1)/retf1;
else retf3=(retfl-retf2)/retf1;
H
else retf4=0;
if(retf3>=retf4){
if(ret<0.05)retf =retf * 0.25;
else ;// retf = 1.0783*(retf-0.0726);

templ = (int)(retf * 10)%10;

temp2 = (int)(retf*100)%10;

temp3 = (int)(retf*1000)%10;

if(retf>=1){
eeprom_write_word((uint16*)1,1);
eeprom_write_word((uint16%*)2,0);
eeprom_write_word((uint16*)3,0);
eeprom_write byte((uint16*)4,0);

}

else {
eeprom_write_word((uint16*)1,0);
eeprom_write_word((uint16*)2,templ);
eeprom_write_word((uint16*)3,temp2);
eeprom_write_word((uint1 6*)4,temp3);

}

}

output_volate();

}

/*******************************************************************
TR PN
*******************************************************************/
int main(void){ //main
DDRB=0xFF;
DDRD=0xFF;
unsigned long int i;
uint8 LO,L1,L.2,1.3;
TCNTO = 0;
TCCRO =_BV(CS02)|_BV(CS00);
TIMSK = BV(TOIE0);
sei();
while(1){
LO=eeprom_read_byte((uint16*)1);//5 Hi .o~ E s
Ll1=eeprom_read byte((uintl6*)2);
L2=eeprom_read byte((uint16*)3);
L3=eeprom_read byte((uint1 6*)4);
//show
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for(i=0;1<10000;i++){ e E TN
CSD;
PORTD=show[L0]&show[10];
CS0;
_delay us(1);
CSD;
PORTD=show|[L1];
CS1;
_delay us(2);
CSD;
PORTD=show[L2];
CS2;
_delay us(1);
CSD;
PORTD=show[L3];
CS3;
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