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Abstract

Automatic temperature control system based on external heated crucible-type
salt bath furnace was studied in this paper. The salt bath furnace is one of the most
important heating equipment of heat treatment technology. The control quality of
automatic temperature control system, such as control accuracy, response speed and
automatic level, has a crucial influence on the process of salt bath heat treatment
technology and the high performance of treated materials. However, the
characteristics of temperature control system for salt bath furnace involve of high
hysteresis, volatility and complexity. The traditional temperature control system was
based on the method of manual control temperature and step-step regulation, which
consumes high energy consumption but with low control quality. It is not easily to
control the hysteresis and volatility. All of these gives rise to the inconvenient
technology for the process heating treatment, even cannot achieve the processing for
some kinds of materials.

Based on the above issues, this paper proposed a novel method to solve the
above problems. The aim of this paper is to design an automatic temperature control
system based on external heated crucible-type salt bath fumace. On the basis of
traditional semiautomatic temperature control system, we choose advanced automatic
control theory and control technology to achieve high quality of automatic
temperature control system. For external heated crucible-type salt bath furnace, the
processing transmission quantity of heat and the temperature-heat function were
calculated. This work provides mathematics theory in the practical salt bath treatment
process.

The following contents summarize the main research of this paper.

(1) Adjusted the control parameter using the method of digital PID algorithm
and expanded response curve.

(2) Calculated the heat transmission quantity and exported the function of heat
of this system.

(3) Designed the hardware configuration of this system, used singlechip as the
core element, advanced electronic component as the auxiliary hardware configuration,




achieved the automatic temperature control system.

(4) Designed the software of temperature control system and detail flowchart of
this system.

The following contents summarize the conclusions of this study.

(1)Adjusting the control parameter by digital PID algorithm method and
expanded response curve method can enhance the response speed, decrease
temperature wave and enhance the control quality

(2) The heat transmission quantity of this system can be calculated qualitatively.
There are two steps in the process of heat transmission, the heat ring from hearth to
crucible leads to the enhanced temperature, another step is that the heat s from
crucible to salt bath. The heat transmission process of the former one involves the
radiant heat and convection heat. The heat transmission process of the latter one
involves radiant heat, convection heat, and heat conduction.

(3) The heat function of this system can be calculated.

(4) We used singlechip (AT89C52) as the core element in temperature control
system, followed by a high-precision digital converter (MAX6675) to simplify the
circuits, the final automatic control of temperature was achieved.

(5) The software flowchart of the temperature control system and the software
design can help the system to complete all the functions.

This study has significant meaningful in the application of automatic
temperature control system based on external heated crucible-type salt bath furnace,
which can put is into practice.

Key words: automatic control of temperature, TD process, transfer function,
singlechip
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1.1.1 81§
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Bk, MERE. BEE. BB AENERERES. EXRAORLT,
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AN&4RELR, FRIHREEL—HR/LBTEUREREIANAR
Be. LR R AL E T S B L2 b 8P,
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ROFRAF RN, H#5 20 tHE 70 ERTEEATAANILEF. B&R
TERFRL2MGENE, BERRT, W8, A, % % BALHRE,
IHZXANBERNEARE, BRFRESRRUDERY. £ 11 RRMAER
MBS LFB RN &SRR, NRPAEE R ML ETE,
B4R EH RIT R R A B R R
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W, BRTSNEAXTRASESSNARSSNER. WELMAR
EHL,
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#1-1 LB SRES L ERET RN

BEME BEEEwm REBEHV WEE HANE WER HREAL
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Bl 50~100 1200~2000 K& & th i
K — 600~700 — % = = =

TRk EE SRR ERRN S R RITEERATE, Bt fo
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ENRBERETFHEERARREE, H—HEESERRN, MEHIHTER
WA REFRIETHRARYT BBATHRE. it ThE, BkEs
BRI R AT, FLUMAERE—BAKT 980T, B, AXR
H U L B M AR 3R R VA AP B0 8L FE 6 R 4 Y 2 0 F FR E 0-1000°C

1.2 ShAIHIRER AR PR

12.1 &BFHESR

W RURAAN R, ERPHTMAREADTHO—FARCEP. )
FWAN FEOARE, TS AREHE. Wmsth. SapRing. XHEk
§ PP R

EV8% (salt-bath furnace) RLMARLEE N MRS FIEHE THRA A A A
—R Ty, SRIAEGER, 4% 600CH 1350C, FWLIEHEHRA
RETE, WEHEMmH. Bk BA EXRLERGES, B8PS, TH
SN FREA, BRGNS, BRAREK. THREHREEEM,
AR THIEN, MEHPRL2E—BEBNEETHE, BRIAFSHER
BB SRS PRMARRGS. MMEERIR,, LT RMIA R R
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EEWE 1-2.
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BHEL. X—RENEFNEHLRBHERTHREHEW, BEEHEAR,
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HHBEORHRER LS TUHHNERRE. SHRLCLMART ERNR
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EEREERENERET RS, T REERT KRR, FEA—ENEBA
B,

T g
k&N
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)14
pr K
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‘ W HiEE ANEBER
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1.5.12. BRHIEHRZERBIR

HERLRERTAT OEEAR AR SRR LR ZHE, AR
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TEEMBHIRE.

(3) ERHSHIMH, BIEE—SHEHRR, BRI HITRERE—E
MEsIES, TREE.
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(1) REABREENEARER: (2) TEFHF. THRER: G) TR
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O DI. R EMAEE RED ALSTERN SR RE, REREREHEHNE
kmis, BEELNEFFEHNEILED DO EHBRHEERER
AO FHMBHIES, NASHMETTRNERERES. DDC REREAHIIE
TAEFPNAREEN—FTR, CRTHENATEHNRE.

BRERSA X

" PETTIN g o

k it

# Wi . # &
W R B 6

B1-7 HERFEHREEHE
1514 BENESEEFIRFEREZER

WA EAEAR R BNARBHER AT E, KA AR E
RHEIDAEA T LANR. HENTURCEEN AT RS ENAN LR,
WA ZENVRARNEH A,

HHAVEATRESHRSGT, NRIMAPNEHSE. AMISH
FRAESS. URAEFRIFNEERRS, HTER SRR AR,

-11-




RRBTREREFART

HENB TSR B R
1.5.2 PID B & REEH REPHER

718 PID #4I5t Rl (Proportional). #14} (Integral). (5} (Differential)
i, TROMBEREEEBETHNEE, RETHRSERENWNTE
— N E TR, RAEBTHAEARTRES, X L MERNEE
BESBRALNAEEY, HE—CRELRETREANETRE. Rit, #
SRt B SR E M AR G RE PR RE. FERERE
s, TWLBIABMET: SENRRLORERZW, WATLFIARERR
A, BCE PID AR TSI RERNBHEE. MTASEE
#t%, FF PID HHMTLAHRHEMRHYE. CEERNASHREE
HI R G B g R,

1}

1.6 EEAARIREEX

SRA TD MBS E THNRER S EKEFR 6. HREENASE
REMPEIEE. BREHER. BNEENREE, RYHLITE. ER,
REMERPEE SRR, BEKEE, PRNSREERNBEX, B
Fk, EEANDE, §8 TD RENERE—EMRE, BLRELERS
AR BHR BB HATRE B HRENTR. XREFENTFANALE:

(1) ERRGIREE. FRNBBRLT, HALBHSENTE, 3
M A EHHR EA R R E LR T e, R SRR ERHA
(BREHER), FEFEH

(2) BRABHRAIR—RFIEERNTE, RITHER, LA, B3
WAKERGEGEH, FHEH—BERRA.

(3) BERAOEAELH, WRHKERER, FRARERERTIRN
RAEGEHE A PID W HLEE.

RANARBEAARI RSB NEE BDREHRERFEREENE
X:

(1) GRARE TEESGEE, BHEENST, ERRANMAEE
REEDEEEE, BRREXKRER.

-12-




RUE T RFH AR

(2) RERFBFAHL ATSICS2 EABLTAREREN R FH LA
MAX6675 SRR AR R R, BT mEE, PHETEMRE.

(3) BETE TR E B AR R BB IR E AR RENTIR
/b, EREVENFET—EHR, ATARELERENRENRARE
RESEKSE.

1.7 RE/NG
AEFENEAT TD HBBAROKESEANFRIRAMS AR SR
B AT S8R, o AR H A B LR I T I E R RS

BERE, FABTHEAHA PD AHERERHRATHEM, RikTAX
HRMFEARREN.

-13-



RNETREME#ART

$2E REEFRAZHEIENFRE

2.1 WABRBHMARMIRE B PREIEHEX

A B AN R HHR AL IR Y R B BB T — A I # P B IR B 42
B, ZERMTRATENERS: REEHPROERE, XNEEHLHNE
. MiRNEEFRBAMEH L, ERENEENARBIFREZEY
MEE GXERMAERE BRI, TREDHEBHTXMPEFERIN.
HEfzE s RERHNERN, DHGE%BRANMEBR—PEERTER
Bk 4 5

2.1.1 ‘R R EIEHIE K

pAE AR, hTBAMNEREE, ERmATs, LA NHREE
BHE—EHEN. BERNEERDNER, BLRARAN, hEANLE
FZHE, HRUEHESETRAIRER. APRENEEETRERTMA
THFRAZHREREN, BANRHES, SRR, HPRER. S5
BB AT IAEA T RAZNRRRER, RIE SRR ERREEN
HERE I H

B, EREPHEEAZE T RNERL, RNERW MRS NHRE
ERAEMA, BOMAFEARE, REETHE.

212 HRBEITHIEX

mTARRHIRRBPOREEY, &%, ARNEEEHRENES
BERE, BEIHAZETE. ALBREERHERRBREZHER,
FERANNMEERFEDEEGES, KAREZHAR.

Hot, HBROFHRSEEEER —ENNAELE, ERNALRETES
P, REMAKEABE. SHRZERA PD AW, LEEREREAT
WEREN, BAVSTLRMER, RHESEMAERD, FREKR

-14-




RE T REBRLFART

1§, BmEEAREh, RIEREIRE.
2.2 ¥ PD Bk

PID 51 Tl e o I PR B O — M, B A ERBEER R
ERBCEER, HEsslts Ry, 28R T EH DDC . KKIEMN, PID
R R AP R E RN E K.

2.2.1 PID 24|32

PID P54 Z 4 2 X S RG] PID IR AT A RN KRG REER D
& 2-1.

™ B

f
r(f) Py ut) oy >
ct) | - +

< v

E2-1 PDFETRAER
PID A A0,

1 d
u@®)=kK p[e(t) +E Ie(t)dt +T, —%(IQ] @2-1)

G u(t)——ﬁg‘r'ﬁ'ﬂi:
e()—RAMBEIRE: e(t)=r(t)-c(t)
K,—Hi3, K, 5HOMEOREIEER, 0K, =1/s;

T—F4H
T
B AR MR G(s)=M=K,,(l+—1—+TDSJ 22)
E(s) TS
PID A B ER SR I T2

(1) B

-15-




RIBITRFHRLFARY

HL B BF 55 7T LA B HL B 6 SR Bt R E et), — BT E, BHlEL
FELARMRE o

(2) Baat

% PID Y, BARYHRERANTEENERSE, NTRTHER
2. ERAFYS, BAMEEREETEENER, ETURARRER
SERNERE. YREERBAN, ROAWEARESE, RZUK.

(3) W

PID RAHIRERGERFATN, hTRURARERESHELER, &
Fa| AR R RBOX— . M MFIAT G PID RE TR
FEYEE, TETNERARENANEE-MRNERBERS, EX—F
EH{RAE T ik PID R 4w ReE LY,

s B RSk, THRW TR

u(t) ~u(kT) (2-3)
e(?) Ne(/iT ) (2-4)
jwmzan . (2-5)
j=0
deft) _ e(k)—e(k~1) 26)
dt T
A T—REAMY
K—XHEF5.

BT EHERR, B ekT)itH e®), uwkD)itH uk). #HERXRAK 21,
A ER PID RiEX:

um=xﬂdm+£i4n+§kwyww-m} 2-7)
17 T; j=0 T
u(k)= K je(k)+ K,.Zk: e(j) + K ,[e(k) - e(k - 1)) (2-8)

Kot u(ky—t = KT B R
m:%i——mﬁﬁﬁ;

i

%F——ﬁﬁ%ﬁ.

PID EHIE MR BRMRS TR LURTERRE () BN, EHRSSH

K,=

-16-




RNBT KSFELEORT

BEMERBTAATRAHE, FUEELSRAEEN PD.
#ER PID £ ER PID BUE R, BB R TR 8% HEUE.
7fi PID BE M S ML B E N ESHF RN M EEZZE, B
Au(k)=u(k) - u(k -1) (29
RAR (2-1) $H#, T
Au(k)=K {[e(k) e(k - 1)+—e(k)+ L [e(k) 2e(k-1D+e(k-2)]}
= (2-10)
Au(k) =K [e(k) - e(k — )]+ K e(k) + K [e(k) — 2e(k = 1) + e(k - 2)]
(2-11)
PEFMERET MR ARLE . B9, BaMERFREIMILTE
THEH. XEHFANEERELSNSHEM TEHRROEH. HEHAT
HIE, tHRAELERNEHEEY, WTF.
Au(k) = Ae(k)— Be(k —1)+ Ce(k - 2) 2-12)
A
A=Kp(l+§+—%);B=Kp(l+2-%);C=%o

222 PID £HISHEENRE

PID 41T S BB AR MR E BEEHIN TP REXRIEM, &
# BB RSN BT REAEH R G FORBE R B Ko BR
) Ta AR AR S T XJUANESEERH BHIR AR B
B RS S S T EEH R ONER. XK PD FHSHEE
WS, BERNFES: RIEEE. FRERLOIEE. T RN %
¥, TREEES, TREEERAANBNESEN PD #HATSENEE
%, REERAETRAKBTERN RN TRESH.

Rl LI B A FE N B Sk R AR N ELF PID BHIRIANS
gk, ENBRETMT. HATT TEIEY BN IREEERRND.

2221, BY REREBIEERESH

FREREAFERERAREN—F, KEETAK, T THIRU
F:
(1) EBE—ARBEORERY T EARBEMIHEARRAT RE

-17-



RNETRFRLFMLT

KA TR R N R A Bk W R IR LS ], BH R T Toia HOMH
RAMEEF, SR EORHABLRE, BRKMY Tu BERRAAEHRE
SR L TAERAA S, B T EEETEREERD e — 8 T
ik PR SR P A TR R TR 1710 AT

(2) ZERBFRREAY Ton )5, ERAMALLBIESE], RAEIIEH B
I T E i ot W R L AE K K R0 3% A Toeo ELAKROMIE R L DDC
W s st B A MBI, B RAEAE— M RIRS, XA RS
IRt R . SR 0 B BERRS A B A S R LB KRG 4%
JARA Tee

(3) HEEHE. KAAHMERER—MERAYTBAE, WRRAN
PRI R BB R . BHERRRELRA AR
. BEREFHEY B ([0, - NTEBER:

([ ¢ ®)d)poc L
([€0d) gglua

EhER S, RIERGNEH RS —RAFETERAMRETS
HEMAANE BHEELHENANYEER L ERRRREHBRODESR
2, FAFEHEREFHER.

(4) RIEZRP TR HEER 2-1, KRB TAK, T THME.

(5) HRBHSHBTEERIT, ERETAREHHR, AREEE—FF
KL &M ER,

2222. By RWEEEIEESH

§ 7S W i R R R RLE T B B OW N R ENY R, BB
RERk, HEETHK, T THSERWT:

(1) E%, BEEHBTEARE, ERAZELTFIREORE, KA
BAYHSEENMIE, FHZRBETR. RAERABRGEE 4X%—1
MERKBAGES.

(2) AR HARENKAATHE MRS R ML, W 2-2 B

BHIE= (2-13)

?ll

(3) FEMRBARENR, KEBFHERET BEMNENEEEN T, X
ERMLET, /7.
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RNE T RFEF AR

%21 B HHAHAEEEE THK, T T

B Bl T ke Ti Td
o5 PI 0.03Tk | 0.530; 0. 88T« -
PID 0.014Tx | 0.636, 0. 49Tk 0. 14T«
Ly PI 0.05Tk | 0.49 &, 0.91Tk —
PID 0.043T« | 0.47 6, 0. 47Tk 0. 16Tk
PI 0.14Tk | 0.426; 0. 99Tk —
b PID 0.09T | 0.3¢6, | 0.43T | 0.20T
) PI 0.22T« | 0.36 J; 1. 05T« —
PID 0.16T« | 0.276, 0. 40Tk 0. 22T«
PI — 0.57§ 0. 83Tk —
BN RGE .
PID - 0.70 6, 0. 50T« 0. 13Tk
Ziegler-Nichols PI — 0.45 §, 0. 83Tk -
BEA PID - 0.60 &, 0.50Tk | 0.125Tk
%22 BT RMNEAEEE THK,. T T
B EhE T Kp Ti Ta
L5 PI 0.17 0.83T/1 341 —
PID 0.051 LIST/T 20T 0457
- Pl 3.6T 02T/T 0.781 -
PID 0.161 10T/t 191 0.55T
s PI 05T 0.68 T/T 391 —_
PID 034t | 085TJT 1.621 0.65T
) Pl 0.87 0.57 T/ 421 —
PID 0.6T 0.6T/1 1.51 0.821
O Pl — 09T/T 331 —
PID — 12T/t 20T 047
Ziegler-Nichols ¥ PI — 0.9T/T 331 —
ER PD — 12T/T 30T 0.5T

@) ERANT AT RENNLT /1, EE—RHE, &% 22 WA
&? PID mﬁ%ﬂéﬁ Kp\ Ti\ Td&%#%% To
(5) HRBHEESHEEET, ERETRRERZR, RRRE#H—
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RE T RFRL AR

IR HE,
HFART, FRORKT RWMEEEREE THK, T To

223 BREEHZ4H PID RS KR KE

223.1 #i8% PID SHMEE

iR s, RETEHERTRTHREL, BXELETHAN
PLF LA 7%

() B EFHER, BRI MY E 5 SR FHRERE R R B B RN
.
QEEAER, WERE A MEEERE—#RET.

OYRER, NEREX—LBPPEELRFSAZ.
@BEREER, EMERPE TRAERELE—MERT.

OEL: LS

s —BRHA R EMER, WA 227,

(AR A R I 1 B L 3 b B A AT . ME R To 862 a 1
HEBFER, BEFENBREEDN—FEZ. YEE-BHE @ To
&), BEARLHET. Wb S8 c AHRAR BREEREREZT, UM
EFEMPAREEE, BEENE—FHL LR, MISH, Wl c a3
dEhBHEER. RERMEIRA 50~100min.

‘CA
Tk""'——b ¢
| |
Tob42 | i
| | |
| | |
W1 | ! d__
o6 1 t, , 1

Bi2-2 AR ek
YR AR AL % & T R AR BRI T -
(1) PEdBRmE: AR EBIEARR B E 4<110min.
(2) BAR: WFRTROEERAETYSREHETIZEEREEZ

o=tu=T 100 2-14)

k
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RRNBLTR#FB AR

(3) BHARE: PLEEEARRRENLFREEDSRBETIZES

REHZ .
r-1,

SMARHHR S 5 I — R, BT RS BV EH EAFHER
BHER %, Bk, TUSIMAAREEN—RMEET. RRORAE
BH u(), WHETH ). HAEBRETURRA:

K (2-16)

G(S) = ——
)= 7s®

Hep, T HMEES, K ABOKEE, ohimERE, HaRCLan,
BRWEETRERLMNEE. RPHT. T. K OHETUETLEREE. T
(RHE %% AXBERFPREEZLHREEENSH, BRRPENTTE
KAHSH. BEFRT, REPHNEER T 8K, RURXHRE. X#E
PRI,

BT AXRELRNERM ERTOHR, ERAQRY o0 &R
BIBYBRHNER R T K. 1o WEMHER: ERBPEHRELT RN
RET, ALCRE-MINET. BREVPEEERER, RRERAW
M—EEEHNRKEHES, ERTRANEEZUEELRE, SHHBN
L, HEABHK A BE, SRR H R R K AR
KES. AP, MEESOMARE SR TR S8 B W T R ] E
FREBM . FHIX R AR g A 2-3.

Y

o= <£2% (2-15)

A

/’ 4

¥(«)

T T,
» & __’

Bi2-3  #2hI5t 5 R K R 4%
(1) ZHEIMRESE, 81 M200°C_EFH1400°C I KW RLE FE i 2kt E
2-4F1 7R
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RNATKERLFHRT

v 1] L) J = L v L) A L) Hmt
[] 100 200 300 400 500 800 M{IS

ﬁmtv
| S S AR M S S A AR AR L

B2-5 M400°C_EF+F1600°C HH B WA PR L 2

anT
200 . e

750 4

700 4

050 1

0

Ll
4 8 2 % B m m n % ovine

E2-6  M600°C_LFEI800°C HIFBR W LR 2%
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RE T REFR AR

() EHMEEEEE, B M400°C LT E600°C fF K NI FE £ n A
2-51 7R

(3) EHMREEE, i M600°C LT EI800°C MK Bk BLE L 4k fn
2-6FT 7R,

AEEE N, SAP RS ETHh 165, M 200°CHHEZS] 400°CH KRS
%5 T % 4158, M 200°CFHEF] 400°CHTBIRS [E) %% T 4 9.6min, M 400CH
B3] 600°CHTBYR A% % T % 17.8min, WECEME T=11.5min, BAMFH K&
PLRIE T A KA

(W (V) @17)
Ar
XE AFRRIRAEEMNERE. Arf Ak 0248, 0.246. 0243,
K, = 400200 _g06.45 (2-18)
0.248
600 — 400
K = =813.008 R
2570246 (2-19)
800-600
K,= =824.04 2:20)
B, K= Mjﬂ ~814.5 (2-21)

MR SR AP ISP B B0h K=814.5, T=11.5min, 1=165~0.27min.
BN AR R Eh «
Gsy=—K = 8145 oms
1+7S 1+11.58
2232 PDEHIMENBRHSHERE

ALR RN SHAES: REPEZUBEHER, THEASHZR
Rl FEG: GEAER, REBRMEHMBRR. TEERERTRHR
ERANE, WEEFERAEERR. hlgidh, NEEZ 0% HEREN
HHFHER, E20%FERENSRAR. £AHFHRRT, BEFRERE
#, BEBMADELTFE, Hit@aaFEREHREY: B T<SOST i,
%P, =1; 7 DO8TyJ5, DRBERERBNE L ARRAREREZHTE.
R A £, ALRKA PID EHTTE.

TSRS PID RIEMZHIE T LR h:

u)=K, [e(t) ¥ % e(t)dt +T,
i

(2-22)

de(t) (2-23)
dt



RNBTREFLEAT

BRAEER:
y(k) = y(k-1)+K, {e(k)—e(k-l)+T7°[e(k)—2e(k~1)+e(k-2)]+§e(k)} (2-24)

T-- KA :

Tp -1 53 B} 18]

Ty 5B 8]

Kp - BB RH

o) BEME b =u®-u®), uk) w(k) AHHEEBEERRRE.

fESLRR B mAR RS, TN BN ARA:

Au(k) = Ae(k) - Be(k =1) + Ce(k —2) 2-25)
A=K (1+-T-+T—d)~,B=K (1+2-T—d);c=zd-

S TT , T T

RIEE 22 BT AWM BSEEE THK,. T Te REXANE

Ziegler-Nichols PID #52, WIiHARFEAKLHFSEON:

15 00523
814.5%027

T, =0.57 =0.5x0.27 = 0.13
T, =27 =2x0.27 = 0.54

4=00523x(+——+ 213y _ 0441
054 4

A

T
K,=12—F=12x
Kt

0.13)_ 0.057

B=0.0523X(1+2XT

€ =0.0523 x-(-)—%i ~0.002
K =8145
T=4

2.3 tPEEMEANARELR

23.1 ARERHRSHELTR

TR EEARSRRYE RN, ARMERLE EREREUANEAMN
BTHRREE, REEROYELR, HSREANARTR. EFER,
PIPADYSE LR

-24-




RN T REFMLFAIRI

23.1.1. £8ER

BRI R HE N RIEE BRI S HE 3R E RN, X
ENEEMBERR S BRMKEDKNTE. DTN EREHHETF.
SF. BFZHMEHTMEN SROAEEANT, ETUREEENM DG
BFABS 2, REREEFNMYSHEEMENEMEZE. ETUREE
Bk, WARES AT,

HEELZEEMN (Fourier) il : M THRAREAHERF SEE tw) H tw,
HIFEESHAE, MER/MIEREEEN A, BEEN 5, FREMRHN A, F
BMSMEAYN A, NEAH 8RS PR FHRER:

o=14% (2-25)
5

R, OHRKE, BALAH W, L FREABIAZE, BAAW/(m-°C),
A HERER, B m?, A BEE, BhCREK SHRE, BAR m,

HEBERTT S SR ESHATRESH. BESALRENEESHAER
EAELKSHEE, BRE—RETIRL, FESANIBREAREY, MEE
oM RNERTEL. FEEIHTRE, TRENNERAHNE T
BARAUSHEAN B E—MNBBERARTFHENE, XEHRENRLZH
HYENRERAROT R, AP BRAIG &G YAGERE SR &4 S8
BETHERFERANEW, B E EHMASAEARORE, EiHRE “A
PR, EEZANER, XHEEMRARNUEEEHE, DEARTE
& B RE R (B B AL RIS, 3 B BNV IR YR R AR
AHEINEEEEW, XATERA “EANBERE". £ 3B EEZIE
SARR, PR “RERES” KREANBEABENARLT, KAE
EFHHE.

AT HBE AR R B TRARE .

AEESAMTELETELABTEMRISTE, SFERETHmE
B MEHHH o
o"'l_z' (2-26)
Heh, a R BER, THNE, LAERRT. EEENES, FLERTEN
X 1K, BEH P/a RERNEIRH.

%m]: Bie % ‘ (2-27)




RN T R¥FH L FALRT

R, h AWERRE SN RERSRRARY, S TEFRARKURM R
BHMARY, BAAW/(m’-°C) s [ AEBRT, MFEXFEER R KEEHR
K, [BR, B m: ANBNBMERIRRL, B0 Wi(m-°C).

éﬂﬁeo,%ao,kﬁ%%%%ﬂﬁ%ﬁﬂ%é&%%%m%ﬁﬁ,%
R BRES LB, ZENVAERNEM.

% 0< Bi <oo, WA HISE IR 4 P SRS IR PR BT F ), X
R—BRBESIAREN T UM NTE MAER. AFTTHRHE SR
AR TR '

§M<Q%+o,%%%Aﬂﬁ%W%%ﬁ&ﬂm%mmmﬁﬂm.
23.1.2. ¥R

A IR RIS R BN, ARRALHBRATSROHE 5
B, SRERTRERERESREZRIZE. TR ELSEEHRGNTNH
i, Rd5ASRERANERREFSERIRERRES, IHEEHR
FH AR AL RERE R R BN E] i A AR R E
Bh M %A, HEE 4 ORIEE o, WA R EBHAER:

O=MC,(t,-1,)4 (2-28)

AH, O WHMAERERORE, BAAW, CHLLEERE, Jke. CT)M
HFREEE, BALH kg/(mbs), b u ARBERNMFARARELELORE, 8
ik CEE Ko

WEXFEAR, RAHEREBRERRR. AKRKERTERETHE
BB Re. Re=9-l—= B S
v BN

LRBE, MTERTARIRDNRE, BERFERRAERNER
FifM Re, #2320, —HCkH, BRBERSHERNARTR LML, B
RRA—#%, AHBLMEASEZNAATRERR. BR, EFERLE
i B R EE R RS~130000, RABEHZEABENRA. 3
E#H Re, <Re<Re' B, WNLTFIIERE, BEATRERZ Hith ol R R,
RAEF—AMFRENR . WHFIMEPRORE KERBRAEZORT
FHH Re=5x10°, % Re>10"H, BHATHERRE.

S0 BT LAy b B AR XA BR B AT K. SR U XA AR W

-26-



RGBT K¥EML AR

HSUHER: TR, BRER. ERRDAERRE. ALRFPLHRRE
BT, HHLHRISHME RN,
WA, BERERS RS 0ARENE N EE R AR RN
S EARRA.
ﬁﬁ%ﬁ?ﬁﬁ*?%ﬁﬁﬁmﬁw,ﬁ?ﬁ&%§ﬁﬁh{-Em,ﬁ
LERRSE, N, =0.664Re™ P, Hh N RABERY, RrigFatili
HASIE, B NEAM FHIEAENS SARBZY, HATAARSAMES
SHR#z . B BlO1/A SR
ST UK MR (229)
Pr MBI (Prandt) $, R— MG AMHSHEERAR. HE RN Pr—%,
SR TR, R T Rk TRy SR HEE ) R
B, Prk, EATHSEBERE, AXsBrREs .
R R AR RS, ERESRN N, =cRe" . 3 c 1 n WET
E@LEREKN.
MERRHOERT, RERIHEARA:
N, =0.02TRe} P (1, / p, )" (2-30)
A, B 8 PrEEER T, W tHEASN, HARMHE TERAR AR TR
H e R B,

2.3.1.3. E§ttEAR

tE s R IV E MBS R E RS R T AR TR, BN
SR BARNES. MEAEYEREREGENE. MEFRENII DA
HBHETF HTREETFRAURBTESTTRHOER B, FHUBRBENT
REZAEE, MEHARRURSHREERRNEN, CRKERMBNE
HRRBOR LI MB BN, TIAEEDERERERERN.
= kpE gt IR M AT (Stefan) —/R% 2 (Boltzmann) ER.
E,=o,T* (2-31)
K, By W EANIES S, BAE Wm?, T A BEMLRHEE, BAAK, 0p8
HRE—BREEER, 0,=5.67*10*'W(m’ k).
SREYA RS HAEAT 6, FTOVHES KA B RNAREEXRTE, W
E,=¢o,T" | (2-32)
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RNE T REFFFARL

KW E LIRS S, Wind, & REmBE, ERENT L.

AX LB EIFHES RA: SGESEERERA MBS SANKMEEE
i A (AR ST et . BIRMBSLATIES BB EAFTAR. HTAHEHER
T R AR B, HHEARR:

o =L—+l—[-—(ﬁ —(ﬁa) 14,

a, &,

B, O FFAKSHERNENRANERENE, C HBBNENE
B, C,=5.6TW fm*-K*)» T HAURRIE, T WBEERE, KRMH K,
Tie, HURMBIE, 6, VEREANRE, o, H BRI,

ki, S S RGN R, TNE, =a,, AL
RAH:

(2-33)

c
Ou= K—ﬂ (")] (2-34)
- _y 100" 100

g g

PR EARERES B (RXPHEEEHRE), FRE R B
HiHRREAHEARLN:

2 =&y o[( l) (_IE) ](onAl (2-35)
1

AF, &= T WHBHBRARENRERE.
¢12(_'l)+1+¢21(—"l)
¢h%@%1ﬂlﬁ2%@@%%?ﬁ#&%@%ZHE%Iﬁﬁﬂm%
Y, e hEA 1 MEE, g, @K 2 WEE. ARKEEY: ZEEEH
FEBH AR, | RERHFOEHETLLHRHE 2 XA, FE 1 REX
SRS SRR RE T 2 RENVERRSENGE, b 1 REM 2 RE
MAKRE, EH @, .

BEBERT, FEATUENHARAR: 1) BT B REARAH A
20, 2) —ATAREA—AATE LEERNHAZRE, 3) HATERLE
ARMOHAZRE, 4) =AFTEREARGHAZE, ENKERTFNHR
ﬁ[SS]o

AXMBRAFHKAERGRTR—ATELERN—DART A LEH KK H
Az E. HARYCH:
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RNE L RFREARIT

9,=1 (2-36)

A
P 4,

ELFRAERTRPEERFAHRE =MERFTARNRT, FULAE
MG HERAMEY. A ARHRERPIARE, RENEETU
AHFALRE: PRMEHLAPEAREBIHRNTE, DRMREHR
BHBAHBHOEHE. fiEFERMMLMPSUBESMMANGT XK ARLE
SR, JEENEMACUBH AR T NG ARMEBHEARE, Bhadn
KEUESERAMTREEZEBRHIAE. Bk, FLEN=RERTANA
BEBE—HTH.

232 PEIHRNASEENTE

AERFTKA KRR S5 E 2-7.

f 4h4337em

F N NN\

¢ N X
A

\
= t 20cm N | %
\ | 30
3% N N |

N\ N

cm N N

NN

I o

25cm

E2-7 HIBARTSH
ATHEHE, GBI EONREEMEEIHBH: 910°CH 20C.
PREHRES, BETESEAMSRER, KPR ERSRAN
ol BA: O =010 2-37)

2.3.2.1. PREZHRRNRIRAR

P BIHHR AN R 0B TRERAENER. REMNRRRHELLAR,
a8 Oy hy(T-T) A (2-38)
Hepdy O P REBIHIR AR R0 E, T) WP REE, T AHRKERE,
h RS HARY, A HRZHMRER GARE. EXE, T K 910C,
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RN K%M LA

T,k 20C.
Kb
petag 1,-100-20 0 e (239)

HHRTB: 7E500CH, ZKM
A, =5.74x107(W /m-°C)
v, =79.38x10°m’ /s
HIRMSPER N 2.5¢cm, WEA:
_ud __1x025 3149 (2-40)
v 7938><10*s
BT B TR, BHik: Nu=cRe"

BERUM, ¢=0.606,n=0.466

RATR, Nu=cRe"=0.606x3149"%¢ =2586 (2-41)
z  25.86x5.74x107

UPHRARID: = 586"0525 07 503 e

X A=7rdh=3.14x0.25x0.35=0.27475m2 0-43)

#, 0y =hy(T-T) A=5.93x890x0.27475=1450.05W (2-44)

2.3.2.2. HREZIHIRMESRAE

REEHBES B Og s[(w'o) (2)] (2-45)
Ko, Op AP EBISHRNENRHAE, CahMiEm 2 HEN RARY.
X: C§=“i_‘g%—“ (2-46)
—+—-1
§ &

g AHIRMERE, BB ENNRE, &P EASANRERE.
BXRB: FMERNEE =06, SEMREHN £, =048,
C,=5.6TW [(m*-K*)

_C 567
# Cs—l =7 0 =2.06 (2-47)

Sl — -]

g & 06 048

iy ( 2)]A 2 06x [(910+0273) (201+273)] 027475

(2-48)

ou .l

=11043.5W
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RNB LT RERLFARI

Bk, MYFREZIH SR ERR B AEH:
0, = Oy, + 0y, =1450.05 +11043.5 =12493.55W (2-49)

233 HHREARSMAREEITE

MR BRI RS, dTFHREREEEEM, FUARKBRERE
THGEH . AR REI=EATRE.

Q=04+ Oy + O (2-50)

ERFFXA LR D, HTFHIRREABUNRHT ALK ARLRHA
EHRA TR, REZIBUREF NIRRT teh R RE, Hith
SRR A £ i AR B L B PR I B R B S R R T A ks SR R T
RIAE .

2.33.1. HIREAEBAESHRARE

HIBOHBEASBNSREBETE—TE LEA—A0 B LHEEH .
mA:

=1
P @51)
?:i
21 A2
BRAB: HBREHEBEHR 081, HIRMEEN 06. FILUF:
A =7R*=3.14x0.1> =0.0314m’ (2-52)
A, =7dh=3.14x0.2x0.3=0.1884m’ (2-53)
Ep = L = 1
2= 1 ., 1 1 0.0314
—— —- — D+ (—-1
(012(51 1)+l+¢21(82 1) IX(0.81 ) (0.6 )XO. 1884 (254
=0.743
567 910 273, .20+273
O =Gl l) ( ]"4"135 150 '~ 1;0 /1x00314
(2-55)

=2573.24W

2332, BRI KiRAR

SR B H R B X BB TR ARSI, RENRRANEEAR,
01 Ow=hu(T-T) A,
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RNETKERLFART

3 Ou, WP BB IR IR RS E, T APRERE, T, AHRREEE,
by, X RBEARY, A, SHRAZANRER (WRED. T4 910C, T2 20
C. .
BR, O BRI REAHARERBIEE LRATENRE, TARMIRLE
ARBHETHE. Bit, PAERHXBLERERHBENAHE, L,
NAFETHER: HIRAZS0 S M A RAAESR .
#HR R A0 SR R A B T E
BT RZSHEIHBHRE, BB TITRMER. BIEX R
BEAARN, 75
} : Qxa‘r;:hm(Tx-Tz) A, (2-56)
30 O HIPBFIATIR AR FHE, Doy AXRBRARE, A BB
RER,
HEWRE: T,=7;;T2=9102+20=465°C (2-57)
BXRAHB: 7 S00CH, Z5H
A =5.74x107(W /m-°C)
v =79.38x10°m’ /s

Pr=0.687
XF: 2-58
Re="4 - _1X02___p51 @59
v 79.38x10
mTFEHE FRAENMETR, B N, =0.664Re" Pr” (2-59)
KRNEH, N, =29.427
RSk 33k .
hyy= N4, _29.427x5.74x10™ _ 8.4 (2-60)
d 0.2
A, =7r* =3.14x0.1* =0.0314m’ (2-61)
Ous=h3(T-T)) A; =8.4x890x0.0314=234.7TW (2-62)
HER A 2S5 A B AT IR AR BT L
_ G _ 5.67 _ (2-63)
Cy == = 245

& s, 048 0.81
O O ‘)‘ ( 2)]A 1500.98W

(2-64)
100
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RNELTRER AR

AR Qm = Qm + Qﬁs =234.7 +1500.98 =1735.68 W (2-65)
23.33. HIREARBHSHE

HIRMAREANEBORTREARESH, HARER=ZXOREHTH
—HERAFAEE, LAEMROERAEL,
HTHROARA 02m, BHEBROEE 5=0.1m ,» TRERELA:

L (2-66)
5

S BERMLE, NEBHFHRARED=S8.7[W/(m®-K)], $HAENKSE
K A=0.98[W/(m-K)] » #F BAEYN a=0.23x10°m? /s , WEEL Bi K-
(B8 _8Tx01_ oo (2+67)
A 098
BRUE, £XEHLEO/0,=0,/0,=0.65 (Wit HRELHTRERE), X
RERALMERNIREE 6, /6, 4:
8, L-T, _910-960 0,053 (2-68)
9, T,- T, 20-960
FEDLHNEBNIKEX 0,/0, BIHENT,

8, 8.6, 0053 _, ors (2-69)
8, 6,0, 065

ERITE, /6, LR RS Bi M, ERTE F=.03.

BULATCLE,  BiF, -1';"-‘_0892 403=3.19 (2-70)

%, WL 0/0,=098, BABMAMTIEH,
pe=A/a=098/0.23x10° =4.26x10° @71)

FRETHFRRTNEEREN |
0=0.980, =0.98x 25pct = 7.84x107(J) (2-72)

B, #REARBHIRER:
Qu=04=7.84x10"x0.1884=1.477x10"J  (2-73)

HEICRLHBA W, TINZAKTERAAR, REE ¢

2 2
t=122=12x—2L_=s52178 (274)
a 0.23x10

4 2-75
t 5217

Q;g =
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RGBT REFRLFRI

Bk, MWHIRBIEEEEMN B AER:
0, =0, + Oy, + 0 =2573.24 +1735.68 + 2831=T139.92W  (2-76)

i
|
\
l 24 BB RAAREEE MR

} 24.1 BRI R

EXRAHTHHNERS, FHSFETEHEHARNHA TR B
RE—EMRIRA HR RAS SR MEFRE. 5 E THMNMERNIE
£HT, REHHANKHLHEREEBTUEIRBHL TEOIEE. HER
WA T REOFEBRREREN, BRMERENENSHREEL. HER
FMGEHBSER, HATERESR, BREAFTHREGM AT

R 7 A0 3C {4 P 44 338 26 Ot L BE B2 REREAT VR . 1B RBR AR TR
AT T RO E SRR B ME AT R EER, EMUTURER
ZMEAHEE, TIHTUARHRRENSHEE SHEUN RANEREE N,

EBRERENEREANBHEMT, SEEHERERH BN ERIE
B EWMARNR SRR S L,

SHEHE RN HE—BA:

n n-1
"d C(t)+ "_ld C_(lt)+_._+a]é_€£_t_)_+aoc(t)=
dr" dat" dt (2-77)
), 40, div)
bm dt bm—l d m-1 b +b (t)

iQI:Ps C(t) y‘:’ﬁ“ﬂir r(t)ﬂﬁﬁ)\ﬁy an’ ,,_|’ 4 aou& bm’ bm-l’-“’ boig
HERGEEH. SHRENERY.
EMHRENBOEET, M EXFRETHER RN, THEHEEN

REFHTBRAN:
(a,5"+a, s +-+as+a,)C(s)=(b,s" +b,_s"" +--+bs+b)R(s)
(2-78)
HAEB R AL A
Cu) bs +b, T +.+hs+h 2-79)

2=G(s)
R(s) as"+a, ls '+.-tas+a,

ERRBRERMAELFTEXN. ZHPEEFHENEX: D BAE
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RNE L REF 28

FIRTE =0 UWEAASREN, FURENAAER. LEMIHE 1<0HY
H%E; D MAMEABRAZH, RELTRENIERE, WREBHHERR
EHBHALE ¢ <O MAEEHTY,

HA—ROR, AXFERHEARNEREY, SRANGERIBSE
TR BTFHRBPAREBHEREREUREYE, FHTUHEERRER
FARBFHIER, MARRTRRRMASH L.

242 BEEHRRHAERIERN

BERHRROARABEDF N : AR H %0 RS B E 2,
FEAPRAEE LA, ARBEAMUR, EAPROEE LS, Bhiineng
s, R EE MR X BEER R A —E M RIER, XHB TR AR
R BEE .

2.42.1. BRBEFENHEIBEERENX

(1) &mpPLhFsH
HVERIAE RN 380V, ASCRA MR B HEP 2B RN TR FRA
AEFN, KEASHWE 2-3:
x 23 $RHEFHESH

Me | HE | hE | I | EEB | IHEERT SRR E
HE BE

GR2-17 | 380V | 17KW | 1000C | 300KG | @300x450mm | 1100%1050
x800mm

(2) BRURFAP I 1% 2R 3
B M B HER B 0 E2-8HT 7R ﬁf#ﬁ@ﬁiﬁu EEZR SV

%:
K o_ 8145 _ons

1+TS 1+11.58

G(S)= (2-80)

WA RRUY it T (1)

E2-8 BRI ENHESBER
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RNETKEMLFARX

2422 WREIMRILANAEERER

BEE— S RBERIFETEE, PROVEREEBIMHR. BH
REMTHIAY. BTFEMIHIANMERE, FRBHKRE, ATHE
HE, BAGHIT—ERENRL: EFENNE, BHRIEAEHR T
HRKP RSB FHRT S AR AERY. RERBERNLE 29

AR Bt fa R T

PR ———-[tatﬁﬂ;;@gﬁ: -

B2-9 fPREEMRAHANARLIBER

W BN RAFINBFEXRRAE: EEENEA, F:

HENRAE Quu— RABBAE Oy = PRAE AL MTAE O ites
#IFAM BB HRE Oy

HFEARTER BT FRORESHLEARENARTEFAR,
BEA B4 B EZE 200C 400°C. 600°C. 800°CH 1000C, ENMRLEHHE
FHXxFR. R Origin KAH#TUS .

1. % REE T TREET 200CH, A:

(1) RELEBHEAE Op: REBMEHE Oy WM EEAER Oy, + W8T
$Ea IR O o ,

PSSR EAEPSUNRRES B REA AR, NWEXLIUE
SHHRESIEE, MSBUNRREROHR L ARNZIR=/EE.
RPRAZSEEN T, PHESHBERT, . FEEER S, BIEN A
JUER

=T /m) (2-81)
by 4 b,
Kb, ¢ —PSEIPEASRELTOBARREE (W/m®) ;
hs, — S SHPIEARTOZEBRARE (W /(m*-°0)];
hy, — PSRN B RMEERARE [V /(m* -°C)]
AR EFNPEEERE 5=03m, FENRERR B M, EHAT
% A H=0896 W/m*-°C) » hy hF DBERREBIHA 7.09 W/m*-°CH
10.09 W /(m*-°C),» Ei&HX 20C.
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RNELTRER AR

: q= T.-T, T,.-20 _ T,.-20 (2-82)
1 §+_1__ 1,03, 1 0574
by A k709 0896 10.09
Oy, =gAt (2-83)
Hep A RWPREMRER, t A IE.
Op = gAt = ?’533 x 7 x 0.45% 0.65¢ .
=1.6(T;,-20)¢
o FRBEBHARE Oy=Ady,
AP, A —HBmxMES TR
Up—— A E AR ERAES B (KW /m’)
AR, T8 200CH, HRRENNERRX g =2.86 (KW /m’)
A=mr* =3.14x0.1* =0.0314m’ (2-85)
Oy, =89.8W (2-86)
(2) WPFHE Aty BB AE O
0,.=C,mAT,,=C,.m( T, - 20) (2-87)

yiEREEAZER, Fit Cpfl m ALLEMEAARZ ML AR RE.
BRI 200CH, p=0.746kg-m>, C,=1.026kJ/(kg-°C) .

AN i Z AR

Vo = Van=hys = iy

- n(9£)2 0.65— 7:(935) %0.35
(2-88)
- 0.08635m
0p=ComAT,, =1.0260.746x0.08635(T,, - 20)
' = 66T, ~20)J (2-89)

(3) PRALHRNSBIRE Oy
PREASHBASANIERELANARNAEH ETH,
B On =00 .
HHAA: % 200C, hy=6.69[/ [(m*-°C)]
Qm—h,,ﬂ -T,) A=6.69x(T,-T,)x027475=184(T,-T,)  (2-90)

4 4 4 ;tH 4
O s[(100) (100) 14=2.06x [(100) (100” x0.27475 2-91)

=0. 57[(100) (100) ] -




RNETKERLEMRIT

G& LRWE, EFREENTFRET 200CH, FUTRIEKRRA:

100 100

\
|
1 17000¢ —1.6(T,-20)¢ ~89.8¢ = 66( T;,, ~ 20) +1.84(T,,-T,) £+ 0.57[(—T’4";)‘ - (z’:'i-)‘]z
’ (2-92)
2. HPREE T, M TREFT 400CH, H:
(D) KREBHOHAE Oy :
PR G ER A H=1012 (W /(m*-°C)], hy hy FILVERKBHHE 237
[ [(m’ -°C)] 71 11.04 [W [(m* -°C)), ZEEI 20C.
l: .= T.-T, _ T,,-20 _T-20
L 1 + 0.3 + 1 0.432 (2-93)
b,

=
hy, 237 1012 11.04
T,.-20
Oy, =94t = 0’;32 x 7 x 0.45x 0.65¢

0
+—+
A

(2-94)
=2.12(T;,-20)¢
T REMEH AR, Op=Adyg
BEX, W75 400CH, qg=11.6 (KW/m’)
Oy,=Aq=0.0314x11.6x 10°=364.24W (2-95)
(2) WFHE AL, IR HE Oy
0, =CpmAT,=C,.n( T,, - 20) (2-96)
FERLE 400CH, p=0524kg-m™, C,=1.068kJ/(kg-°C).
0, =CmAT,, =1.068x 0.524x 0.08635(T;, - 20)
=48.32T,, - 20)J (297
(3) PPRAEAHIRFEBRIAE Oy
HBTE AT/, 7 400C, hy=6.41[W /(m-°C)]
O =hy (T~ T,) A=6.41x(T,-T,)x027475=1.76(T,-T,)  (2-98)

T, T, T, T,
=C Ty (A =2. i LBt AN 0
O ‘5’[(10})) (1079) 14 206><[(100) (100) 1x0.27475
=0.571(E)* - () 2-99
050y ~Gop &%)
A BRiE, EPREEMTRET 400CH, FUTREXERA:
17000¢ - 2.12(T;,-20)¢ — 364.24¢ = 48.32( T,, - 20)+1.76(T,,-T,,) 1+ 0.57[(1%)‘ —(1%'6)‘]{
(2-100)
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RNETREM 2R

3. YfPRERE T, M FHEST 600CH, H:
(1) RKEZBHEHE O
SPEEMIGE AN=1128 (W /(m*-°C)], by, h,FTLLERKBIAA 49.08
[W [(m*-°C)] ¥ 11.81 [W /(m*-°C)], HlEX 20C.

5 T,-20 _T,-20
16,1 1 03 1 036 (2-101)
by A by 4908 1128 1181
Oy, =qdt= Iy-20 x 7 x0.45x0.65¢
0.365 2102
= 2.5(T,,-20)¢
0 FHBHENARK, Op=Ady
#E, WH400CH, U =332 (KW /m’)
Oy, =Aq5=0.0314x33.2x 10°=1042.48W (2-103)

(2) PREFHE At FIRHE O
0,,=C,,mAT,=C,.m( T, — 20) (2-104)
BEHRLE 600CH, p=040dkg-m> , Cp=1.114kJ (kg -°C),
0,,=CnmAT,, =1.114x0.404x 0.08635( T., — 20)
=38.8 (T, -20)J (2-105)
(3) PREAEAHHRRMA AR Op
HAE AT E A, Z600C, hy=6. O[W I(m*-°C)]

Ty <4
O 9[(100) (100) 14=2.06x [(100) (W) 1x0.27475

= T Ty
057[(100) (100) ]

& BRHE, EPREEMTRET 600CH, HUTRHXRA:

17000t ~2.5(T,,-20)t —1042.48t =38.8 (T, —20)+1.64(T, T)t+057[(100) (13”0)]’

(2-107)

(2-106)

4, LPERET, MTREET 800CH, H:
(1) REZBHHRE O :
PENHFR AH=1.244 [W/(m*-°C)), by B, TUERRBAHN 9478
[W [(m* -°C)] R 12.50 [W [(m* -°C)}, EiRHE 207C.
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RO T RFH - #Arie3

T,.-20 =T,,:.-ZO

1 1 + 0.3 +1 0.331 (2-108)
hy, 9478 1244 12.5
i

(1) x 7 % 0.45x0.65¢

=2.77(T,.-20)t
ST F B E RS HARER, Op=Adg
EF, 018 800CH, di=76.8 (KW /m?)
Oyr=Aq;=0.0314x 76.8x10°=2411.52W (2-110)

(2-109)

(2) PFHE At IR E Op
0,,=CpmAT,=C,m(T,, - 20) (2-111)
BRI S00CRY, p=0329kg-m”, Cp=1.156k] [(kg-°C)
0,,=CmAT,, =1.156x0.329x 0.08635(T,,, — 20)
=32.8 (T}, -20)J (2-112)
(3) PRI HHRAMLEBNAE Oy
BRI RO, 7 800°C, hy=5.86[ [(m’-°C)]
Qi =h(Tp-Ty) A=5.86x(T,~T,)x027475=16(T,-T,)  (2-113)

T. . T T.. T
=Co[(-2)* - () 14=2.06x[(-Z)* - (-21)*]x 0.274
Oui=Cal([ )" ~ () M =200xIG0) ~ (o IX02T475 - 1
—0 571 ey _ T e
0'57[(100) (100)]
2o FRE, EPRREMTRET 800CH, AUTEMXER:
17000t ~ 2.77(T,,-20)t ~2411.52¢ =32.8 (T, ~20)+161(T,~T,) :+o.57[({6"’5)‘ -(1%)‘]:
(2-115)

5. LPREBE T, MTRESFT 1000CH, #:
(1) RREBHHAE O -
PR GE AN=136 [W/(m"-°C)), by, b TUERRBHHN 149.03
[W /(m” -°C)] 1 12.83 [W /(m” -°C)], ZEiRHX 20TC.

U S T,,-20 _T,-20
1,6, 1 1 ,03, 1 0305 (2-116)
b, A h, 14903 136 12.83




RNETAFR AR

T,-2
Oy, = gdt = 0”302 x 7x0.45 0.65¢ = 3.0(T, -20)t

(2-117)
ST RBHEBHBRAR, O, =Aqg
Bk, TH81000CH, dg =150 (KW /m?)
Qm=Aqﬁ=0.0314 x150x10°=4710W (2-118)
(2) PRTHE ALy, IR AR Op
0, =CumAT,=Cy:m( T, — 20) (2-119)

BERTE 1000CH, p=0277kg-m>, C,=1.185kJ/(kg-°C) .
0,,=C,mAT,, =1.185%0.277 x 0.08635( T, - 20)
=28.3 (T, -20)J (2-120)
3 AR AR AR IE O
HEERTHE TR, % 1000C, h,=5.77[W /(m*- °C)]
O h,,(T T A=5.77x(T,~T,)x027475=158(T,,-T,)  (2-121)

bﬁ
O ’3’[(100) (100) 14=2.06x [(100) (100)] x 0.27475

- T Ty (2-122)
057[(100) (100) !

Ga LR H, EFREENTRET 1000CH, ﬁ%?@ﬁ%%iﬁ

17000¢ —3.0(T;,-20)¢ — 4710t =28.3 (T;, —20)+1.58(T,,-T,) £+0. 57[( ”') (1 (‘)90) ¥

(2-123)
2.5 KE/NG

FELENAT RARBIMKMIR A HEE B3 EH RSN PID HiX
MBSHMEE. W, HETEMMAEENER TEEMRIHTREN
REERRY, HEEEDBHRLRATEANRA—HHXRANR AW H
Wi 2 R
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RNB T REF L FA23

B35, REEHREESL

3.1 R%HhA

MR R SR T ST SR B, R R RS SR
2EAMLFEETEEEENE N MEANEERRHRENESR: &5
A, AWK, BABENEY. SRR TAREA,
Bkt AMEURKEEAE A, ZREURFIIRL, D—EREHE
MTCHRE, W T —ESHRE, BENER. A, RBEEEE, MR
EHBPOMAKE. RELBTEHEASSHEENR L. FEEEHR
G A &R EEB AR '

(1) BERA TN T ERE MR, REEHTEES 0-1200C

(2) WRCEER, SRERRAENREELE, BHEEAST, BiR
B: <1%

(3) g dESHE (WEE) MEZHEXMETR.

A ERDEATHRTUE Y, ZRAATEERRPBRMBBEEN AR
RGBS, HiThee, EMBRRESTLRETESHME .

311 BEEHNRENEHEY

B BB HR AR R TR, AERERHPRZHPE
F T HE% 7 #5%%% DDC (Direct Digital Control), XtF DDC RZEM T Hrid
[43],

BEPHALNROBEEET EMMHR, “EN” BRETERFEREHX
g FRrbL (PC AALHEN) RTRAL CRAHD) FHAHRTR. RENH
RWT: PEHRGETEN, BENFRERL RS-232 HTERAFAEED PC
EVEERR B ESBHAANORERSREAN. BENE. BEKEN
B & ANBRESEX—RTNTETUHEFNEBTERER. SRE
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RNELR#HLFAR

B SO 7T LU AT IR B) PC LR T HCRACHE, S iR Bt
BR. XEHFRE RIS EHR LB ENERIE.

B AT B S 0O ATRUER RS, KR E—& LAl (PCHK
REHD TR CRAND BTERNREMBELE, HARAZI AR
PSR, BF AR EOCERANRERERERER. ALRRAMR
KHlh AT89CS2 LK HL, BHEEUTH ML dTRAIKHERERN
BHBERA, TR RN ERLAARRS R HEFEHREAREE
B RAHLAOARUD, TR RRSE KIS, ANEGNREE. KA

R TR AR ST R, FREHS PCHLER. B

S AT89CS2 B HIZE Tk pImsh £ = A & N, HXISHED
RER B G ER R R M E R AR,

BREERBRANE K RAGE, FRAREENEREH MAX6675 fF
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