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Researches on the characters of energy saving in marine
refrigerated containers by variable frequency control

ABSTRACT

Since 1970s, the energy problem has become one of the five biggest problems in the
world. With the development of food industry and the increase in transported perishable
commodity, the marine refrigerated container has been applied extensively, and then
refrigeration devices consume too much energy. The marine refrigerated containers are of
great mobiiity, and the changes of the outside air temperature, seawater temperature, the sun
radiation intensity and the transported goods bring the changes in the latent and display heat
load of refrigeration system. The traditional refrigeration system in containers adopts the
mode of invarable revolution, andiBsysterndesignisbasedonwh'atwnmatchﬂ'nebiggest
heat load. So the refrigeration compressors and cooling fan motors have been chosen
according to their biggest cool and heat burthen in working conditions. Actually, just in short
time can refrigeration systems work in the biggest burthen. On Asian-European marine routes
refngeration systems are placed in 40-90% rating heat load for a long period of time and the
energy is wasted considerably. Therefore, energy saving of refrigeration devices invites more
and more attention.

This thesis analyzes the control principles of energy regulating ways in reefer units,
compares the merits and demerits of these control methods in the outside working conditions
of the changing burthen, and then puts forward the VWVF, a entirely new energy saving
regulative and control method. In addition, the thesis educes the heat response factors of
container’'s round wall constructions by analyzing the dynamic heat transfer and adopting the
method of heat response factors, and illustrates the refrigerated container’'s characteristics
through an experiment on an empty refrigerated container.

The main pumpose of this thesis is to conduct a research on frequency conversion
characteristics in reefer units through analyzing energy-consume, control method, and the
technology of frequency conversion in refrigeration &air-conditioning. That is the focus of the
research in this text.

The change of the revolution of compressor by using the frequency conversion
technology while the outside burthen alters, enables that refrigerant discharge changes along



with the alteration of head load, and therefore refrigerating capacity will change respectively
so that refrigeration system can match the variety in heat load. Meanwhile, after the revolution
is reduced, the compressor energy-consume can be reduced and good results attained.

The thesis analyzes the main character of reefer units fan motors when they run with
frequency conversion control and the variable discharge character of evaporator. Suction gas
pressure goes up as the compressor run at the lower speed in the lower burthen, and this is
beneficial to lower systems energy-consume. When the system is controlled by VWVF, the
discharge change of the evaporator is not linear; the electronic expansion valve is adopted to
regulate the system superheat degree, and the controlled object is parameter time varying,
accordingly, the time varying controller should be adopted. Theory calculation of energy
saving in fan motors shows that it is considerably effective in energy saving.

This thesis analyzes all kinds of throttle components, points out the advantage of
adapting EEV, and analyzes the start-up and the discharge characteristics of EEV, and
dynamip response of refrigeration systems when the opening degree of EEV is changed, efc.
EEV is placed into a tumoff position while the unit starts up, and after being kept for a period
of ime it is placed into a bigger position, after some more time it is put into a basic control.
EEV should be selected for various refrigeration systems according to the thermal properties
of refrigerants; the discharge coefficient of EEV is sensitive to the aperture and impuise
guantity of EEV; When the EEV structure is made, the discharge coefficient goes up with the
lowering of evaporation temperature or goes down with the hoisting of the condensation
temperature. it is less affected by the subcooled degree; the capacity of EEV is more affected
by the aperture. When the heat load is stable, the sudden change of opening degree of EEV
could cause the dynamic response of input temperature, output temperature and superheat
degree. The output superheat degree of evaporator is not only relevant to the opening degree
of EEV, but also to all kinds of parameters in refrigeration system when the discharge
coefficient is bigger.

Gan Wei{Refrigeration & Cryogenic Engineering)

Directed by Professor Han Houde

KEY WORDS: refrigerated container, frequency convention, energy saving, heat response
factors, electronic expansion valve
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AMHR, ELURNHBFRBEA—AFRH LN, BiSsams N ess%
—HIBE, RENEXIFRNBRRLESRE EE — .

ERRPREAALR (1S0) BEEFRER (REHZARE) BT, “HEin e
—HEWRE, () BHEASHBRETUKNREER: () STF—RHREMER
HRIEIE, RPHEN, HARYAEERE: (3) AHHREREONENER,
HAETN -SRI REBH I —RERFTR: () ETRUOEBREZ. (5)
A In' R 1o’ A ENEHR. REEFFERLENA T ERFRAAS NS Y.

PEEEEHERORRE, I TENERARBANEYEREEHRRTHLE R
AR RS, K REERERAE S VL ERA R E R TR R R,
REEEBAE - EHRAME, SERBHASRRNTER, REEBER—F
PMRIR A (RIS LA 5 LA 10 74 T A T R S8 LS B B
B BB BT AR SA R ENRR AT RL. SURRY e
B NHRAGEEN, BN EENETHAL, EENARY SHA ALY,

ABEEENEIBEREE: 1. TUASHLE TR RTEEE T LSRR
W, ERYES IR RN ER AR 2. B LUEAT AR RS A “TTRIT”
AR U, ARERDFREREBEEME: 3. BEYEXE, SRVALH.
4. M. EREF, HERE, FAFE TURANMG, BHTTFHELS KT
5. AILMEABEHA S E, M#-18CAEANL K.

2.2 MRS R E AR ER T

MERRA SRR E RS ILE 2-1 Bir.

AMRESE5EHRBRERSEERBELR N 1S0 HFEPRRF 1 1AAA (40
KRB 1AA (A0ER), 1CC (20 HR) =MHABPAREREH. HBIRITR
FRERWMTR 2-1,

U FEEEBHMNEMEHEERETRAR, ATESLZHNKENER, &
BEEANABRT. B8, BRAREREET —EHAAHE. AdTHd 58
], I FEA RS MERAE. PIRNABERA. ﬁﬁw/ﬂuaﬂ%ﬂ%ﬁﬁ Wahh
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ABERA BRI B, RPN ETABERS"

P, X B

RERNBERABR, MASERNERERHENED, RN, Bt
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KA, £4EERENAEHEETREFELBRSRNNE, Hoh
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AREEFOHA REMEWE 2-3 Fir. FRNAREBEHA RGEAT
fERIB RN, RRNET S Ry RS EME F SR, LK

B ERIEEXARER: TRNIAGROAF FRURRAMR. UTEEsH
PrRAERETT K

2.4 PERRY LA EEAE R VA I 5 R4

T AR AR B M AR ZE AT ALK S R . AR & 1 R b 2
2N, MEARMNEDESHERNBTEEEAR, HEABERENHA E
ZLAMEBRBARMERFTELNMAEEY, UEABEEANGA RS KM
wAHILAC. ARNMAR HEFRABEEHIARENERAY IR, AR
THRESEHRAR, ERRE TR IR K.

HAl ARG AT THERE R H-30C—50C, BREFEHZE-30
C—+25C. —MBE THRARA, BIAM (chill) A K (frozen): AT M
M el EE-SCHRERT-5CULE, AETRE-SCUT,

2.4.1 ¥k (chill) AR TEHEMBRWH 5

AR IE (chill) F, SRR EIEBHEERTERRESBEREES.
B, BWHERHEE —RBELANEEN, 4508 (1) £%¥iEH (full cool);
(2) (FHEBSAEEHMa AT R ARIEE] (capacity control employing hot
gas modulating valve); (3) BFREHIMEHMz¥ (capacity control plus low
heat); (4) {E#E¥ (lowheat); (5) BM#MiEH (highheat). HF (2) (3) A
AREH (HRRAF).

FERIFFHRAMZEH N, BRRHRAZIEMNENEERREEFRBRERANLE, 5
HARER TR EHEN S EEBHTEEREY: MARSARERTRERE
% B R EIT R REE . EASHABAREENERT, SRR ER®
EE (Pt EENBEN TREE) i, REEEREI T -EEREHE
HATIEH . EHARFENEARFHREEHEAT, AMATERBXIRTHERE
2 CHIHE, BTFXREREIEEN TREE, FIRNAREAT —HEOERR
PUER, TINESEEAI B EmTRE LL5CHNME, BTXMRERKRRAEHE
e ERRE R, SIAARESRS - AERBHHEARBEITIER.

LEHSEBRESTEEMEENREREN, HANARERIAT 1k
. ABRBHASEESNEREER BHER, BREEEIIATRRAE TR
R BRI A DA R 2R R B HH D B R 0 R R B IR . 22 R T B K R Y
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BRI R R ER - A U L5 10 600, AR NS S8 B 5 3 A B 5
MRAEHER; SR FREEBNREH B ERFEE R EUTIA 10 4080, %
BEHNAHREHSEEFRIAREHNEE. ANEXRET, BEREH
A 5 ¥ B AR F 20 240 BL B, ) _E R B AME R B AT A S R Y |
Mz,
MRAELHEEEH IR EEHMTRENRERE, Rk —NETiEs,
REMESIRATVBRRTE. ReitfENRENERSBNEHMTHA&4DT:
(a) FREH~BAREHNEHEENERLELH
(1) REIHRBOWSLAREHE (BEMaVAYROTE>TAREMHE NEE
IR 2 <TRSE BB H B R R HF 10 4585
(2) BEREIGCRSEBFERR 20 54,
(b) AREBBHIINEH~EREBHNERIELY
(1) |WETHREHEEREH (BHEM3IANTROFREFAREME MR
ME> TR R B EB R AR 10 28
(2) BEME>TERCEBEFERRF 20 2480,
HBEMEIERSENE AR FE> LR EEHPNIE, RAHHT
“FRIBHMNER” B K& NiEH. S
AR ERERFN RAELERERN TR EARMEE, FRHRRERTTER
BAVHRRERART TREERDS RANGA BN, WO 35T iR
ERBHRTGAAEREDRG R, AT R — BN Ee R, S RAEL.
MREAEEW 2 EEEHER, WHRBESAERTRSE, F2ESEILESSRHIR
MRERESAHEZLABESAMTRESHESHANBEE L B E KB —
RARBRRBIESAN, ATERHEeEROES.

2.4.2 ¥ (frozen) HFA THEMBRIN W I

TEABITH (frozen) T, UEEKEEMESBEAE PR REE HEHHE
34T 1E B B9 40/ BB BE on/of &, S HAMEENANEBREREREH
B, ARBEBEYE TR (frozen) BN —BH =EHEN, oA (1) £
% (full cool); (2) {&4G¥, KA L4k (low circulation—fan operation); (3)
(E#HIEHE (low heat). HRSEEMESEEREIRANEES T RERE QR
%, RERVIREEREESHBEZEETHE; BREEARSKBERETRRENE
BT R ERENNE, RENNGEEMBERRBIANER . ZRAMBEEEN
BEMNEaEENNGEN, REaRe%Ri T —1E¥aEsir.
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B, ARAXTRERAYRRT LA RIOBESEIEE, EH
TRV RRBT D HSFE. WRET R, FERKNERRR.

2.4.3 HRVARIEREY TR H

ERRBANPRBADESND, —BER TR TREIRIMGGERER, &
wlee THT, RAL—RIER 20 BAERS), MESBM TR FRER. HAL 80
ABERBNRRBRICH T HRAMABEFOSHEERATREE, BE K
A2 AT, EAMTIA (chill) THEAREEH ., £ABTH (frozen) F, 34
HSNRSEERETRROEE TRIHER-5CH, RRBRHEMNSENE
BB RERSH:; THHSHNESEEREPRROEE FA 3L -3 85 CH,
R AR RN AR B R R 5 .

X RBEAPMERRENES S, ERN SRR RERIEHE. FHRE
iRz,

AR A RALE P R A R R B LR AT 8, 2/4 MR B Bk
XBI AR BRI EERENCET R, AR EEY N EAEEENS
EEATAH THRAEETTEXK.

HEREEIER AR on/offEH, TRRASBHTRAERAKEFRT,
BEXBEHERE GER AR ERENT0.2C) AN, EEVEILEE, DOtk
ITESHEESITRRERY. BRItz FRHANERBEESEINEN RS
SELHBF. IHEFTEHIARAINERNVERANAER, FEEKNVERRRE, &
REERMAYTEBRERNER, PEWLELABRZET/FHEK.

TN REEBERLEHRSE. (D UL EMEERNT. BARHE
gavl. RALATULSEME B3, St MBkdi. ANKEIIHELRT FIRRE
Mt A, (2) ATUUEERERNS . Sl BT EHES PR TEME
VFik B 120-150Hz, BR¥IEREO&I . HIRER D RIEBERER 2-3 &, AILUERR
BAERANHD HIRERR 1-2F. (3) BARERBEES. HiTEEARRRA
R R R, METAEHTREBEMISHNETLIER+0.2C, BRE
A PLAR 0. ICHREERMNBEEFRE. ANTARNTAERBRYNVRRERRE
B, () ATDSBHRERNYEE. IMEARATEORS, B ENEANS
MV AT RRR R, KRS RE A — BT LB JE 3R T A I T e
20-40%, (5) ZIMEIHGETH, TURFHA . FARANEKERE. ERRER
WMESNBERE, RETAEHA (RFE) TRETH, BTHMFEREBRIK,
B S AT i R SRR SR B D, FARRREBRHNAELELD, A

13



BERABEEE. —BERTRAMB MY, BFRmBORBESE, B
BAPRIEIN, WO ARAEE R T LUE T R AR R AR B s R L. s
BT LURIEE, F TREFBYM, URBHNABTRBISENE, %
RIBITR, HANPAZHRBEGER, HBEHNABRS THIMUSRHIE 5B T
RZH. FTUSEEHSIE MM RN, BEARBEEN, XPBHTHE LI NG
AR, ZBREARIBE.
AR ERBERENRR REBHPSIAZTRER R, MRERESH. K
PLI RS HLEIT R BES), TLUENMR BTN, RREERA, RANEHE
AEARRAREHER, REXVHERANARNEE. BESHSHRHE.
ARXKERANREL SRR RANRRMNE. BHHFRAN2 8
EIARBIZER B, B 5T0A WHER  3E S 4

2.5 MM WA WE N BRBIAR

FHMBHEARR—1EEHEAR, TRIERHEAR. AARTHER. METH
RATEHEARGER L, R 25088 %3 BT s 8 5120 5 ST A% 3 468
HRKVESS, TLERAHEANENOEE RS, BEEE. BiTA
FIFT R MW E X BRI R B TR B TR SIS E . 60 4
Ry, WERME. PIERESTEL, FXRBIVEHREBENT A
. ELHER, BHRTFERIRETFERUNANEENWRE, THERH
FEEEE T HE A RNED.

B ESME RS, XA FRFA U/ BEH5R, T BREREERN,
GRS RARIT (RREEHNE). 1971 SBEBITATRATHIE “REEH”
HR, —ButEAEFRPUHTREROBE (BE. SR, SRHBE) #17
BRI, LERTERERESRN BESEAALNTSHRE. FRLERER
ffr, TRTETFHRHENEHSBROZESBRESE, TOUETREZHE
B L — R S BV, PV BAR TRRRMEH, TUSEEH
BTG, BEEEERORERS), R REATEMBNSH, MRT R
WEE, RETRANDEWNMEE. SRFREHRNNA, #8RHREES
FRALETHNE OB HIRBBEME, THRYE. TRERNTESEHEABLRES,
25 47 R Il A

2.5.1 ZEHMAEBEARRE
BATGNE, EabFEES, RDHELE

Rl

35 S B R R A OB A -
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BERABEEE. —BERTRAMB MY, BFRmBORBESE, B
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(2-1)

N FME (Hz);
np ——REAR X ¥ .

T 7 25 BN LR $4E y

66 f1(1 - 5)

Rp

n=m(l-~-s)=

(2-2)

A9

—-n)/m. BEERRIHNPN -1 EEL2H,
R HEPNAERSNETRET, ndm, 0<s<l, T/ (RPeEEE) HERE0.5%
PUF, 88 (CERBUERE) BEEAE SWLUT.

R BT PL S £, BARNE n B ER s PRER—4, BIATL
X FI SR ESPEE . SR EIEAT 0 B 1.

X HEhHLET WEN R, BN ERERSFFEHEAR. BEKSH, &%
OHBARS, FENETERT, Gi¥EE/D, B3l a8eE L TR: #ilEX
%, WitTFidRhRE, FhEERTR, XRBHTEFHRANGRIR, AT
AL, RBEHBETR. RPEzsPSKREE (BB B, ¥
FEBBHHBH=ER, hBERERRSE, =R HEziE FEHERIBHENE
A

£ = 4.44 LN Dn (2-3)
A B —E FHH A PROE R BB B AR E (V)
fri— R FME (Hz);

N—EFHSAE R,

4l

mERTR, OnERS £ F ESEERER, X ER fLITEINES, #T L

(S BR Om RFFEREEAZE.

2.5.2 255508 P A A R

AHEEHMBAIIX-H-TNL-XEMHER. ZAREENESHRINE 2-4
Fir, BEME (AEEHRE. PRBEMRFY. TR, BHRIFENR. Rt
R MR ERE, AR/ EHTRERRER; EREBLAUBMKEGE,
EEEAAARESETEFXEB4ARM=MS Tk, JSidH AR
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SRAE D T ORI 5 W R4S B B AT A AT B ¢ o R BLRLER 55 a0y o [) i BEFR 4T,
HEURRE T F Sz M N R a8 B bl EE s E g . Kol dg: i
G S HIMA . SR IREh B B S R, HEBREFAE T8RS 80T X554,
X 2O 2% B PR R BB DL B SE AR R IO R . B 07 v SR A S B M

AL AA T EAEIT 2, RARTHRERNEAEE, LK
RERT TR A TR -

SHARE PNERS TR ERER Y 0805

o5 wa JT% T | wmm "——

A

AC = DC £ AC
il G
15 i8
L4 - R | ¥

E2-4 ZRERA% A A I R

2.5.3 W IEB M R XA |

HER T BT, AT REO-EARZE, RS BN £ 3TE S, 4
AT LAE AR O R I ZERSRD T R ENGERWE CRUBE SR 1 T 1
W) i, EEMNAKHERROBRT, & FORBHIEREN LD, U2
8, BTCUIATLUGERIAAU (BFHRE) =E, MREREKU/HETEW, HHx
BARHKIBOL T, AU BRAD, NS M RETEFRERER (FERETF
kM) ARE@Rg, T LUESMRE e FrREDIMEE FREERNERN, RS
ﬁﬁﬁ%#ﬁﬁﬂ‘% S\ BRI SR i 5 25 HL B L ) 2R 3R 0 o0 251 4 PR — S A B ) B ¥t
A SE FARENSER, BAAGE TR B RE R ESRYRA A YR, SSHAT
18R] VWVF (Variable Voltage Variable Frequency) iE#:&l.

re R BN RE M ZHR WE VR R R E L AR B E g6 R
DL =AW BHHLN S, HEZSENL. RN ERFERE LR, ENREE
HRARNFZITHENXK, EREREFINERNEM DABRENRIREE.

A ERERARNA RETM T REGRNESHCERMT 2-5 frax. HEH
BEIFHAXE=8, BEK VWFEH (U/ 86D, REBRTHREE, HEMNK
TRENTHEQR e ERBTRETN, BERE. A TREBRFHEGRCR, o
AR I — AR B A R kM b AL, KB EAME, FRAHES
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NOEBEMR: In/WOEA ST . ATTH TR EA RER BT LRE BSOS EE

EAHEA. BEHBE

> HLTR

CSCENE IR 2

o
EMCE s [0
50

M e
on

H@pL b

A
7 R

Y%

v

o
BAZSNEAER ERERLER

B RIR

1 -

¥r s |
HRR A
Lﬁm{ y“géﬂ BRR
RERR S mmEem

B12-5 MMM R RATHEH

H T2 MR E AR WREMR LB E, WIEERAEHTRARRR
i: MAERBRKNEABTREHE, BT EEHRNE, ERARKENRE,

ERARRXE, THEHTHAREEEZHE, —BEXRARETHERBRA

Clsp RS BAVRB ISRRNEsNETSEIERN, NHREE-ERNRR
Bk, FAERNEE, MREERVRAENRES), WS RN R P
MEBRAK. REATSRROZMB[UHRN, RAREETIRN, THN—EH

BRI T BB LR B R R R e %

Pl EBSEFE XA EN THRER RN

- EL LUy HH B3R AE Db i ) B3R R B B FR B

Al b T A MG B B A R R RRER AR, R R LRVIBRNY

REFRF ERFURARPVIER. EREEHEINNERARRE TR,
X RN EER AT BHRARKNIHGEE, ATENROTENR, BRIHHE

XN REANEHSERS, MG RENRBEETAH,
B, EZEDIBRFE RS EPLNE, FiERRN
T ARRMH R ENAMS

S B R T Re P iR A

A|

IR RN S TR,
THBEMAHLRE, REWRZPAEHE EEED)EFRRSEA THBEE, X

FHHATHRAWME, M
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2 i Ik

FENG: TERMBENANMABRERBANELSGH ., 2X%E0, SREHETH
AR R I TAERE, RINBRARISIT T Bl SRR AT A K
EHRE, BRTXEEHTAENFAHFECRNTIR FRERANRER A, Ei
Eidt DRt Ea MR TR FHX R R E 5 BT T 4.
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2 i Ik

FENG: TERMBENANMABRERBANELSGH ., 2X%E0, SREHETH
AR R I TAERE, RINBRARISIT T Bl SRR AT A K
EHRE, BRTXEEHTAENFAHFECRNTIR FRERANRER A, Ei
Eidt DRt Ea MR TR FHX R R E 5 BT T 4.
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F=E ARERAEZEMRATITE

3.1 ¥R MEASR

—RABEEENNEREHIEAEAT. K. MR, ORITRAIT1Z.
MRAFENG IR ERMENSBHA. TR T 0 MRS E R 355 & 0
a2, HBERA—ENEE FEENRHANERENINESENES . 7
BT RIE I RN 2 R B TR RRE R MEE. 3 EAESET R B iR
BN R BHE . B — SRR R R Rk

RRERBEL R K. REZHRRE, VAHRIFORAGENR, A8 FiE
RENERTHE. BRAREERKBHAGSHRLD. BER. BEHITF. &
PFEA R, KLURB AR RS EN R A . BRREREMEKENRHE
ERBNARNRERNEREEE, REFMARRN., #ARSH TN
—HRE. RNMARFE. EREKERKNSHERERBEETHRANE
HAERARR, HIPRHRIERETHREMRILEH. BAPHSSEHFHE
AEKNAER. REUHSFEERHX. HPRAFHIEER I HARB R38R
REAMBANSAERERBLAE. VLTI SSENFR BRI T HIEH &
RN RERWESRAMEERTSEE 3-1.

R 3-1 R ERBDD YRR RS RE

y,:2). 81 CFC-11 HCFC-141b 578 4 ¢ X HFC-134a
Wit
ODP 10. 0.1} 0 0 0
GWP 1.0 0.15 <0.001 - 0.256
*R(T) 23.8 32 49 100 -26.5
yiamiy 137 117 70 i8 102
MAFHHK CFC-11 | HCFC-141b B d% CO, HFC-134a
S HRM(W/mK) 0.008 0.01 0011 | 0017 | 00145
EEEEABRRKIUENR] 0016 0.017 0.0187 0.0191
(W/m.K)

AEEANRAER BB, AR, BEEEHIMEAENR, BER
AMUE T 844 (=1.0-2.0mm). AR (=0.8-1.2mm); ARR —BKHAA
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F=E ARERAEZEMRATITE

3.1 ¥R MEASR

—RABEEENNEREHIEAEAT. K. MR, ORITRAIT1Z.
MRAFENG IR ERMENSBHA. TR T 0 MRS E R 355 & 0
a2, HBERA—ENEE FEENRHANERENINESENES . 7
BT RIE I RN 2 R B TR RRE R MEE. 3 EAESET R B iR
BN R BHE . B — SRR R R Rk

RRERBEL R K. REZHRRE, VAHRIFORAGENR, A8 FiE
RENERTHE. BRAREERKBHAGSHRLD. BER. BEHITF. &
PFEA R, KLURB AR RS EN R A . BRREREMEKENRHE
ERBNARNRERNEREEE, REFMARRN., #ARSH TN
—HRE. RNMARFE. EREKERKNSHERERBEETHRANE
HAERARR, HIPRHRIERETHREMRILEH. BAPHSSEHFHE
AEKNAER. REUHSFEERHX. HPRAFHIEER I HARB R38R
REAMBANSAERERBLAE. VLTI SSENFR BRI T HIEH &
RN RERWESRAMEERTSEE 3-1.

R 3-1 R ERBDD YRR RS RE

y,:2). 81 CFC-11 HCFC-141b 578 4 ¢ X HFC-134a
Wit
ODP 10. 0.1} 0 0 0
GWP 1.0 0.15 <0.001 - 0.256
*R(T) 23.8 32 49 100 -26.5
yiamiy 137 117 70 i8 102
MAFHHK CFC-11 | HCFC-141b B d% CO, HFC-134a
S HRM(W/mK) 0.008 0.01 0011 | 0017 | 00145
EEEEABRRKIUENR] 0016 0.017 0.0187 0.0191
(W/m.K)

AEEANRAER BB, AR, BEEEHIMEAENR, BER
AMUE T 844 (=1.0-2.0mm). AR (=0.8-1.2mm); ARR —BKHAA
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BRBR (=0.6-0.8mm). B (=0.8-2.0mm) B BB (=1 S 2.0mm); Fg#
PR —BARERREEN, TSRS ARER ATV — —EREK ABS.
PVCHH. NAREBEHENERLHTUEHEBREN T ES S K FR X 4
B, HPEBEB - ETHEME ABS & PVC MSRABRA, ©
0.019-0.030Kcal/mh. CZ 6], EEX G5B HRBEEIGMEBEEMSHEYK 0.016-0.020
Keal/mh. CHUE, ¥AEHAE 2.1 HBAABELSEESHGE.

3.2 W R LR R A

32.1 LREE
S H METEE LR ATER RS RO TR RS RS,
ABHENARE: MitsubishiCPE15-2BAIIINV,R134a; k. 40HC 4885, B
A2 NFE 32, 3-3,

P!

& 3-2 MitsubishiCPE15-2BATIINV ¥-48 504 ML i R B R

%H B | CPEIS2BAHINV #5§

Em | 440X 60Hz, 380/415vX 50Hz, 3M

BB o Tt -30~+65; <90%
| &Eﬁﬁ T ] -30~-+25

SRR (X EXH | mm 2235 X 2026 X 420

BXER kg 490

N R 2 MPER, RS2526PSH

% | MUTHE kW 5.5‘

BlL| THa¥® (288 | A 7.7 mw&msi m@ﬁmz, 34
NS -3 F rpm 3450 (440vX60Hz, 3 #)

Ml F 2.5

BRI (BN RHL: ©440mm, 4 M)}y, 780WX 13 18 4 B

RER Rl 1¢32{)mm, 4 B’r}%, 1200W/900W X2, 348 24 1%
HeN kg le, 6.8 |

R ot | 1800W %3 i
g1 m'h | MK 210, 60Hz

20



BWB (=0.6-0.8mm). IR (1=0.8-2.0mm) B BIHMGIE (t=1.5-2.0mm); [§H
MR —BARERREEN, TIER SRR AT ~EREL ABS.
PVCHE. MARBRRENEALEHT LS HEBALHEES S 0K A5 X 4
B, KPEBRER> a1 THEME ABS & pPvC MEPRRYEBA, &
0.019-0.030Kcal/mh. C 2 1], #& G FRE RSB SHEY 0.016-0.020
Keal/mh 'CHHE, HALZHLE 21 MRS BELERESHRE.

32 SHRENBE LR R AN
321 £RH#EE
SB0 B B7E Tl KR A FE AR A SLB A T A S I R R A
ARENARE: MitsubishiCPE15-2BAIINV,R134a: &4k: 40HC HEE. B
BB NE 32, 3-3,

# 3-2 MitsubishiCPE15-2BATIINY %4504 bl 3 R 3

%8 BEr | CPEIS-2BAIINV B8
il 440vX 60Hz, 380/415vX 50Hz, 3 H
FRBRN Tt -30~-465: <90%
BT A T 30425 ]
HERT (BXEXA | mm 2235X2026X 420
E b ¢ o kg 490
LN SHIHRES, RS2526PSH
% | M kW 55
B ThaE (258 (A 7.7 (RS 75), 440vX60Hz, 3 48
i pm 3450 (440vX60Hz, 3 4)
g # 2.5
BEE (B Riil: ®©440mm. 4 M, 780WX13 44 &
Y2 Rl ©320mm. 40HH, 1200W000WX2, 3482418
eN kg Ri34a, 68
NI I R 1300W %3
A m'h | K210, 60He

20



R 33 WESERE LB RE

EH R SHRERF 12192 X 2896 X 2438mm (HX 3 X #5)
REERT 11599 X2549 X 2294mm (X X 7F)
S TR 1.0/0.3mm ¥, sus410L #4tR (kAR EE)
PITHiR 0.9mm &, 5052-H36 48K
" S LO/1.2mm ¥, sus410L 45
Pami 0.7mm J¥, sus304 FHRIRR (M EKAETHRRARD
H SHREB 10/1.22mm M, sus410L 1R
S8 2.0mm ¥, sus304 AR
P ITHR 0.7mm P, sus304 A EEERE
BH (k-2 67.8m’
i piRis 1Y | 36.5kcal/deg * ¢ » hr (293K BRHGELEE)
4R fFRaR 0.4m'h

R W E: (1) ADS90 4EMR38; (2) KM, MBS SERIERE L, (3 X
#iR, (4) B, BEENEESHT.

(;) (b)
E3-1 MR E
RN RAEHEI: AD-590 {5538, WMBBEE: 20C~+20C, WlidE: 224
—224R, V=011t B =11V, (BH: Vo, fR; 1, T)
ERIER: 8 Bk, H—A 2.5 REREBRE (MC1403). BREEESEA
B—ABBERE, #84. REMAHR-AN=HERE (1124, -12 4. GND),
g - MIRNZESE, HTHRIRZ AHELERE.,

2 T (27305 +0)x10° (-1
R R,
_ 273.15+t —"fif—R (3_2)

=000 TR Y

T
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B =20CH, Ve=2214R; =20 fEit, V=22 4R; V=25 4.

WHA: R=8.8 TB; R=110 FB: B R~8.6 FE: R=100 F8; Ry=8.6 FUk,
Wi=1 Fo: Wp=20 T8K; B 3-1b BB R=12 TH: Re=33 TB; Re=12 F
BK: Ry=3.3 FHK.

A/D LR PS-2119 BFFH IBM-PC BE 89 12 12 AD B4R, RA=H
LAHREEA, FENESRERTENEASLRE, EETEEFENTY
BpBPRE: KARERHBORE, BABARE 1000 15, ZATMEEMH
B: ® E#E DODC#is, EMABAE. TEEAREDT:

(DAD . 1241

QOBAEIE: T 16 B

GYmAMS: 100KQ

(OHBEARE: TRHE-SmV~+5mV, H28 1000

()RFFOHR: RAEM ] B R . BOCER R e E: 138 1000 B 100uS (X
PASEAIRRARE TS, G SETRARBES ADBABENIE). AD
HfmdE: 30us (XAMMHIEIEES AD $¥%, B A/D BRER, FHERET
BEBBITENBRER).

GORFRE: (AFEY. LABKE. RERE. ADHEBRE) M35 1000 &,
AK0.025%.
(HERESRAFT RN REREDRE: 500V,

R R e A e R -
H3-2 ERAMARERTD

BAKARE InToueh AENERAFRMSBERBHRTHBENARS.
InTouch AN EWM4 £ HER Wonderware A8 FRBANATERERE, &84t
HBAKARFRETAELKNER, UHER, BUAEE, REFETT.
BABFSINAER, HPERPXRERF: Window Maker H Window Viewer.
WERARFERAPNBRE, SEHAERBITHARE. BEXATECO M EE 32 fF
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o %rﬁﬁi:“}ﬁﬁ%ﬂﬁW%ﬁﬁ%%ﬁﬁ“&ﬂﬂiﬁ%i}t AR G IR BT AR
1240 . 5 RERER K H R R AR, S5AX48HmN
BRFHENER, EMATHET 10 MBS FAHEDTHE 3-3 Fix:

H3-3 Ml EREE

FRRAD A BAEENPUER . [BRRFBE = BE L, HP 9. 10 54550
HARR. FHRBRE.

322 ERER B NERAH T

—BHEHRY
— SRR =R
~30. 00
D
~ 20, 00 \
%10. 00 \
0. 00 L ' FjEl (53¢ )
10,00 —m\m 150 200
\—q-—
-20. 00

_30. 00 L e e o G e e e

B34 NBREATHER GEE (THD
ERARRMMT 3 FSRTEES THAREEFITANNREAREEE
Bk, BT EHREANAR SEAREERE, FREARESFEZSEBENER.
HTREBESRERETWE/D, TOERER LSRG R TEE BN HLRE
BHNEHTER. ATHROMNEEE. SRTRAFIHK 21CEAE] 185C, &
et d 183 eh, FRERAN 1942C, BERTEE-18C, TRERBIER
RSN R E S SN. TR 1 TR RRERGE (B 34, HiXH

23



¥R WTLLE ki BB RSB BN TR NEE SRS, NRERA
RHRI AR BT R K.

B 3-5 A# BRI T A FBE 50 10C. 20C. 30CHBRZMHER
. HETUEHEABITANN— N, #HABE TR, = TER
TR REARERHE, ERFARKNARBEINABERRERK, HEH
HHAK g = onr TARFE BERK, FoGEVERE TRER, MERATHR
BRI TR, REBRJBZENRE, JAREXEZ TR, FUABAKEE TR
EEBRE. HEHEANEREREXDEERENTRE, SANaEEEE. 4
REEEAZRERE EROMNER, HARENAHEE, NtRE. FEISH
HPERK X on-off BRI AR, LRERTHARARENRA.

~
930. 00

QZO. 00 -
ﬁlo- m \'0 30C
\\ | wial C59)

0.00
tg=20T 150 20&)

=10, 00
tp=10C

~20. 00
— BAFHEE

FH3-5 MM AR R

B LERNSIEEEORAREEARUT A NHE:
1. ¥EEEEBRRELEHRBARQ
O=) KF(to-t) W (3-3)
A
K—ERERRERRR, Wim® « K);
F—RAREHHREHR, o’
ro—RHIEESISR, C, BHEERE 32
n——HNRERE, C, BESHERTE, SHELME.

# 32 ENXENT. K. EREESE  BEEf: T

BX 4R B SEE | AR | BRFRAREEC | TRESO
i 3 %
¥, s 32 70 28 58 48

24



M 34 64 30 [ 60 0
i 36 58 33 62 T
— —

TR 35 60 32 91 43 ]

: OERHRBAER, LRBRECNEHET LA SEZE® 4-13C, TH4RER
BRI BT R, TTH 8-267C.
2. B Q,

ROYPIE RS BRI K 2055 35 8 B T B B

- G(h— ) L5 ot~ )
3600z 3600z

O

i
C—ERARERNEOR, k.
b h—RPRRAT. BHMME, ke,
z —RERAETE, h;
g—REMHNER, ke,
c—REMBNERAE, KikeK):
h+ £2 MERAEHERE, T,
ERARABAREIRASLTESFTTHRDA, LB AR B A
WREXREE: nERENEYCLTAETEREERENTEHS R,
3. FPR#A Qs
PR R AKR . RS AriE s M R A A, MR
BB E .

0,-—S1_  xw (3-5)
3600x24

K
g RYIRIRPR A, kifke.24h), RAERER (EHLIETH).
4. WS Q,
B HNENFAR, BAT BRM A CO» MBLEF ] A i B 2245 B 4 1 47 A\ )
Hi. FERBIFIIRS KL

kW (34)

z
3600x 24

Eav oF
y —ABEER, o’

Q= Voa(h—h) kW (3-6)

25



z

BB, W24h, N?ﬁﬁz:z's“f"‘;

G—HAERER, «
x—CO, HRE, ¥ RHFXFM:
p——ZSEHE, kg/m’;
h. h BRI EARRE, kI/ke;
5. BIEH Qs
SAELNERER LRFEAGR. BOA#. RILRE, TN TEEEPHGEE
REME, RERTERRHEH.

0, = P, =0.000278x ﬂV’; . kW (31
fiim

P,—EWLI)J& kW;
V. H—RHIRBRFEBES, kPa;
n,s ne—RAHL. BBIHHE.

i LIS 4D, SRR B R AR Q=Qi+QutQs+QutQs, FE— MK THRA
BARRS TR TRHBMRE, TUERGURAR, TR ARAD (1]
—12) Q. BN WA THRIIED, BARRMBRSAR-MHIRNEAS. &
i B AR 80-90%.

3.3 AWRBEHEHAR A

A A A AR T EE T AREDERF T HNTE, TRIER
FHE A AR REMACP RN RGUE AR RR ERBRREN, 5A4AF
pofei BB AR 3 KRR Y. WHIE. RNRYE. HEREE, X
FESRER BB AR NERIGHENTTLE, SR RRERLGHAR
HNAEXSE, BEAARANSDERNN, ABRERILCEHHRBNSHRE
HWRBHITHRL

0 1
Ri3-6 FRMDRE
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Z

B, W24h, MTRE - 2'341'/6": :

G—HAEKRE,
x——CO, #HRFE, FRAXFM;
po—— TS, kg/m’;
h h—RARITZAIRE, kI/ke:
5. BE# Qs
REDEFER LEBAGR. BIEH. RHLAE, I TESETRERE
RS, REREERRALE.

0, = P, =0.000278x———, kW (3-7)
1w

P, —RAHLIIR, kW;
V. H—RHILRABRABET), kPa;
Ny~ M —RAL. BRIPIRE.

B4, B R ER N B RAR Q=Q1+QutQs+Qs+Qs, FE— I TR
BAORHER TR TR RARE, TTECERESRME, WJRIRRARA (1.1
—12) Q. X BEXHEHIED, BARFARSBE-/THIRNBSE, &
& B AEE) 80-90%.

33 BB ERAN TR

ABEEEDEFAF AT UMEL T ARENESHAMTHNTE, FHER
HE B R R ERERACER AN REAOR R RER LR ERXRE, SAR
AR R B AR 3 RARMF B EBE. RNRYEE. RBERBE. XE
77 A R IR R A B A 5 (AR 2 FPALE, BRI IR BB G A S
B XRY, BERRENSEZRNEN, ARERILCLTERBNSHIR

R BT & B

B3-6 FRHNRR
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X FA MR RN ARG E, TR A R R B B B

M ) R B¢
REBR,

e BLg i R MR BEE T ERR SRR . BT NS aE s
ATUWABERNEE —BREEREEE. A% A sMUZE R SE

ZW, RRBRERRERIER R R R R R 3-6 Fix
i 3-6 Bim, HEATFRANRE, HinTREEAY.

O06(x, r)
ot

g(x,t) =

629(1: t)

axz

068(x,t)

A (3-8)

~ (%0, =
SR ERE :
PR 2% THI ek 3 -
412 i Bt .
ARt

O(x.0)| _, =6,(
O(x,0)_, =6,(
g(x,t) _ =4,(f)
q(x,1)_, =q,()

E%ﬂ%%ﬁﬂ‘]ﬁﬁfﬁﬁ”‘luﬂ&rﬁﬁﬁiﬁﬂﬁﬁﬁﬁﬂf% cag, WA

il
q,(s) _

twl-'UUiih-

0&(5) (3-9)
0,(s)

1
B
bJ”
B._

HTRBHEE®H, ARBAEARERAEE, Hor)=0, FLIA:

(5) -4 (3-10)
9\S)| | B w8 (s _
[QJ(S)]_ _l %(s)

B,
A
r A(s)=D(s) = c %f)
sh(,|=1)
< B(s)=- - E
d
\ C(s)=—ﬂ.J§sh( il) (3-11)

27



A\Ech( zz)
I .
alil gy (s) sh(,|~1) (3-12)
[‘h(s):| B 5 %8, (5)
A=
o
sh(,| =)
a
2 K9] [Guts) _
[q:(s)]_[Gz,(s)]xg"(s) (3-13)

WA RBREENNR, FMAASRENMARBRSERA LR, 8.

- 0= [G(D)xG,(t-r)dr

_ q,(t) = fGn(f) x8,(t —r)dr

HAFG,~ G, AT sh( l)=0 KR (G, G, FIRRA), RIGHRIEEBLEREREITA 2

sk

BEOERT, WARBOIRRIERN, FRESHTER. RERNANS:
AT UE A BRI G, - o, FIA RN RS M5« 5, HHREEIS KN A,
RIZE 25 nA B30 X0 B

— g =Y k() %6, (n—i)

L (=Y k)6, (n-i) (3-14)

ENRSEREFARENARRBRKHEERRBTHREFENRE, EHRN
REKEhARNR, BERRNSBEEERARMC=ME. PABRERRE

{8 R X B AR AT UL e AT R R BORMI R, T LATT LLSE S BT 7E SR AL BT BR O T I R P
8. ERUMKRAREHT, BHRERANBRBINRILN o, HARRE

A RR N BNy, (), u BN BUERRE, BABKRRNN RRRAA
!, BEKRNREN:

1 /IJEch( -S—I) |
x (8)=G, x—= a a
sh(,|~1)
a

S

28



X
a | (3-15)

X —
s A

shy-D)

REXMX (3-15) HITRERTZ#REK, ). .0). TEFASS SR ERERTF 2R
EHKAH:

]
y.(5)= G, x~=
5

S _ ak’m® , V=T I 4
sxsh(,|=D=0fHs, =0Ms, =- (k=1, 2, 3, -=), BTLARJLIR .

12

A 7t
L 2O =Z+) (=) e ! (3-16)

WNTZREHREE (m B, BSEASHER 1. 2. 3, -, m) WH:

o

s x, ()= -—é(—(D+Z:I(M.<.=a"‘*‘r

; BiO) ,::,
= e—— d
A0 B(O)+§K,,*e (3-17)
Hrp {485 M
G(S):[A(s) B(s) HA..(S) B, (s) JX[A,.-I(-?) B, (s) J__.[Al(s) B, (s) J
C(s) D(s)| |C,(s) D,(s)| |C,.(5) D (| |C) D(s)|
K =—48) | g -1 . s % B B, (3-16). (3-17) AR
*  dB(s)| T " dB(s)| ~ % 0 N sl
S X 8§ X
ds | ds |,
RN

-l xu (t) — k + Zthefﬂ

k=1

Y(O=k+) K, e (3-18)

k=1

R T EFEAEE, o DOREUZE AL R R R ERT &Y t=0. A\ 2A3A .
JARIE, ENBRMBERRN R, AFTRENRNBET ITER KBS R

H(D) =K+ZK,‘6’*¢ (3-19)
k=1

-
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o I P = 1 0 R R 3

® H,(0)= K-Z—K—"‘(l —e’?)

k=1 ¥

a0

@ H,. ()= Zfia —e*?)?

k=1 24

® Hy ()= 3 —h(1-e") et M, (5=2)

> (3-20)
X KRB O3 S N Mk

® H.(0)=0

® H,(j)=3 K, (-}, (j>=1) (3-21)

k=1

MTRBRRENRARLHNERAN, ERNEAELAEHESNINE R R
JORERBREMR. MERRNREREANKR TSIRK, 84 kAR
KRS AR, BARBOY T E/MRBESD CANKNREE, SHAE
HEKAHRRNEY,. Rl UREREHAFABENEMER R Be0E, 7L
MEXFEBREEhERH.

HX EATUR R RS WE Rt 3 BPRRYRE, IS RS R .
G(S)_:{A(s) B(s) j [Aa(s) By (s) JX[Az(s) B,(s) JX[Al(s) B, (s)

C(s) D(s); |Ci(s) Dy(s)| [Cy(s) D,(s)| | C/(s) D(s)
ZAESBAAE cBEME, MA=1h, TIM. EN. ME. NRNERREE SR
0213, 0.204. 0.315, 0.2665 (Bf7: Kcal/m2 « h+ 'C) ,RBIE /1 BB L By 4 H
PN RPN TR R:

K33 ANEEHASRRARNAN

}ﬁﬂﬂ%im

H(0) H(l) H(2) H(3) H(4) H(3) H(6) H(T)~ H(23)
M} 0.27382 0.0655%47 | 0.007870 | 0.000831 | 0.000088 | 0.000009 0.000001 | O
4
| 0.280385 | 0.189927 | 0.014200 | 0.001498 | 0.00158 0.000017 0.000002 | 0
B
7] 0.278933 | 0.041547 | 0.010161 | 0.001073 | 0.000113 | 0.000012 0.000001 | O
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f
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