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Abstract

Developing renewable energy is necessary to energy siruncture optimization and
environmental protection of China. As a renewable energy technology,
ground-source heat pumps which include ground-coupled heat pumps, groundwater
heat pumps and surface water heat pumps (SWHPs) can utilize diffused low-grade
enargy over shallow water and s0il. Some ground-coupled heat pump systems and
groundwater heat pump systems have been built in China, but the application of
SWHPs is rare, so is the study on SWHPs. Studies on the operating charagterislics
and the operation optimization of SWHPs according to thc characteristics of the
surface water temperatures and climate of south China have been carried out in this
dissertation. Experimental and theoretical studies on the operating characteristics of
open-loop SWHDPs, closed-loop SWHPs and hyhrid SWHPs and on the variations of
the surface water temperatures when SWHPs operate are included in the first part of
the dissertation. The second part deals with the operation optimization of SWHPs.
The researches and the related resulls obtained in the dissertatiom are practical in
engineering applications. The major works and related results include:

{1) Bascd on the analysis of development of rescarches on 5WHPs, a large
pioneer SWHP system for district heating and cooling that utilizes lake water as
heat source-sink of heat pumps in Xiangtan was designed. A series of ficld tests for
the system wers performed. The objects of the tests include the water quality, the
recoverv of lake water temperature, the air temperature, the entering and leaving
water temperature of condenser and cvaporater, COP values, ete. Based on the field
tests of the COP values, SWHP performance is comparcd with ait-source heat pump
(ASHP) performance in south China, The design and tests for the system can provide
censiderahle experiences, practical dota and references for developing large SWHP
zvstem for district heating and cooling in China.

{2) An integral and systemic model for closed-loop SWHP system is established.
Dynamic simulation for a closed-loop SWHP system in Changsha was performed
by applying the model according to the hourly load and the hourly weather data.
The impacts of the coil size, the area and the depth of the water body on the
entering fluid temperature and the boltom waler ternperalure are analyzed thraugh

the simulation. The bottom water temperature with heat rejection/extraction is
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compared with that without heat rejection/extraction. The performance of the
closed-loop SWIP system 15 analyzed.

{3) It is necessary to develop hybrid surface water heat pump syslems for
sometimes the surface water volume isn’t sufficient or steady. A type of hybrid
surface water heat pump system in which the fouatains wsed for waterscapes is also
used to reject more building heat through spray cooling is presented in the
dissertation. A simplified model is developed to predict the results of spray cooling.
A simulation exercise was performed for a certain tvpe of nozzle. The simulation
results agree well with the tast results. The model is suvitable to be applied to the
design of hybrid SWHP system with fountains for the inputted parumeters are not
difficult to be obtained.

(4} The thermal discharge from SWIIT' systems, chillers and power plants into
surface water body may bring adverse impacts on the ecological environment of
surface water bedy., The mechanism of heat gain of cooled walter is investipated,
and an equation to ealculate the heat goin coefficient of cooled water is developed.

Based on the theory of stochastic differential cquation, a stochastic model 13
developed to investigate the random properties of pond temperature. The
changing process of pond temperalure is regarded as @ random process in the
madel. The selution to the randem properties of pond temperamare, such as the
mean and the variance, is alse derived according o the random properties of
weather data, Application of the stochastic model helps to understand the
characteristics of the chanpging process of pond temperature profoundly, and can
provide ithe nen-guarantee raie of the maximum entering (luid temperature of
SWHP systems.

A simplificd two-dimensional model is developed to simulate the steady river
walcr tempuerature distribution resulting [tem thermal discharge, and the analviical
solution to the model is derived. The model was used to predict the influsnce of
the thermnl discharge from Zhwzhou power plont on the water temperaturs
distributicn in the downstream region of the Xiangjiang River The comparisan
between the simulation results and the measurement results shows that the accuracy
ot the model can meet the demuand for the accuracy in water environment
management.

(53 Conventionally, variabie-speed cooling water pumps is contrelled using
constant temperature difference method, which resulting in had controlling effects

and bad controlling adaprability. An  online adaptive control method for

v
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variable-spead cooling water pumps of water-to-water heai pumps and chillers is
developed in this disscrtation to minimize the total power of heat pumps/chillers and
cooling water pumps according to part load ratio and time-varying parameters of
condengers. The model for the adaptive control, the parametsr estimation method
and the structure of the conirol system are all presented. A simulation exercise was
performed to validate the control method. The simulation results show that the

adaptive contrcl method can provide considerable energy savings at part load,
Keywaoards: Open-loop surface water heat pumps; Closed-loop surface heat pumps;

Hybrid surface water heat pumps; Spray cocling: Stochastic analysis:

Thermal discharge; Adaptive control
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ERAFIAS —AH TR TH R ARHEZE M. f1T ASHRAE T 1997 N
R REN, TREABSRTAFATEYU BLE KEDT (Surface Water
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UEwH KR KATEATMNER ARHARTEE PN TREES
A BB, EEFEAMED, AN AMNLTRERAE, FRIRERN
MEBERSEN. FEHHHEEBMERS. UASATERE, FET RS
BEERSHT RS,

TEMEEFEEEH N 20~40W/m?, THESRE CBRATLVKRD 25 W/ nd. T
BHEEENESHA, F 1om FUN L EABEALESEFYRMEC. &
TEHERAIBZEFEMURREABRCHNER. mTAFEHNEE,. BTEFEH
Sl THEARTUSEBESEAENZARAREG, WEgEA: XITZHhFAE
AR E, EMmERHN. LEELRAF[ITrEmEH. 2R, BEHREN
HEHERREY 10% L EMEBREHK, F s0%Ll MR ARNAAR
FALBERARFBHRELGD, ATRALFXAIRE., HEMFER, ZELS
BHEEMERERNMEETLEZETIHBEARTBRE.

HTETHAS AR, EHREREE, REEHEFEHMA, RAFED
WA, ZHRESERME, B)ASNAREEE. B4 FRSBE LEAEE. A
FEREMEHHERNETERRL, @S HREUERSSFELET .

4. MR

MHEEGHRE BB XMABEMAE, HPEBEEFENDHRAER. bR
FREMEZENT S000XFHEN. BCUELNELRARAREHEAE.
P, S RAMAEERD 145107k, #H3T 4 955x10 7 R A gy, M
MEER. oM. KRS EYETHARRT, BRMEESHRT, EREE
B, MAFHUEAEERATERAGHLEIE. FERCAHBBRERED
Bl 10 149.5km*, TR BB 92,610k, HW B HHIH 49 809.5km?, TREY
341.8x10kT; TR EIEE B 257 047.8km?, TR B L 36788100 k), WM
S TEE 30 5 (ARFKH,

AR 1500 L LR R IR w4, 90~ 150 T AT M 34 55 F AR A iRt
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WO--20CRESEM ATHREAMRERERAT W0-~-50CEATRARENHRE, AT
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e F KRR A H A (Open-loop) A 2 (Closed-loop) MR, TRE
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ERE R A AN A AR SHE, R R R AR M
fF. SR E gAY,

FHRMEE, AEEE - -BRREA. WA B BERRESEARE,
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2H B ¥ 2P 7K o 201t 22 700 £ 40 82 R 1) 2 8 o B B U ) R AR S e AR LA ¥ 45
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FEERFREEARESE. #AAF —FRAHKA L. AFEFROBARL 4m
EA E iyl Grb 1) 2 35 I 49 A Ak i

BE—EHE. FHAHEATEKRKE— o0
fertfRAERENn2 208 Bl x
TR ERRETRE X T4 EE. KOE
BEACHER, RE®ST 400, 7%
TAEEEREHOA S mEHRL, X
HAEBEEKEREY, REEKST
HBEREENMKZABERAMER
Z, FERBESE. —HAEI2THT
M “-—Edgm, IAFBEaLTERAXE e 10 15 B 20
{(Epilimnion) . FEEXE (LHEMAE. B (L)
Thermocline) . I E 2 (Hypolimnien) H3l KHMERSEENER
RUREA . AW “ZB4E" TR (E) NKES 10m D EP. o THEX
FHATERGHERAAMNS, WEESEEWAH, REXBTHAETER
i, BRBEETE—ASFSERNE. MERFTRN TR, REKETH TR,
EEHAMRESATIN, 5THEER MNRBE, THTRRS-EHEE
RETEEREWEN#HE, SAHANSEN “8Sm” Pl Sas, s KEg
FEMERE, —BEIRENFERENFHD —RER.,

g

WA (kgim 1)

B8 8 8 8

=
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H3i2 HMAKRERSETEH
FRAMKRRAAEEAHLY: FRFHEAENRBRAE. B 3.3()
HEX—EEREMAAMBEKFEARRYE, Rueeddm LAELRRFH&
H, REEHRAEEHRIAME. ZRATHRMEE S &, IFHETER
EAh—, GERETaBEEES. HEERMAGNE 3.30) i), RAHN
FHEBMFRFEE L, IHEANRAREERNFEMZERN LRRN.

(a) HFRFWRE (b) ZHERE®
B33 AMEKERAEE
RS, ARAEMEHTASRENTEERTESGHMNERUAT, — &5
HMEAR AR MG UM EEN AN ARZFEETL2RDYL AXRY
BERWAGmMAOBRELEL. (4 EENNERKBETARTREN=RES
Fa. 4 AR K 2 R R L R A A BT, Ak R ERE MK
HEKEZEFEREXR, XE—BFHABFETE. M54 8T HILH
REf AT LA SRR /I k 0 ORI, 3 380 AR A X (0 #4 BEAL A  B  (6] 32
fepEE. (291 B TRARE LT 943 8 60 — AR R, X Rk [54]
MK R A E R H A, (EI0HK(29] R BRI B R W M . S0m [55]
B CHER THERS TR LS ERMBLN A R RNRS TR
HEARNE, FETRAKSREHABEENZML, BIEREHKR NI
B, WEBBAREHERNAETNL. HFLTR: EEAHHEES, THRATR
AR R ENAERNAF T/ RRE AR, SHRMI GO HIW A EHE
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THERHERKANEERKBEL. §TH EEENRN, SHERT 5
¥, RAamBAl RGN AHE,

MAMEAEATFEHELE 2 EHRRFTRTOARENESH D, EAEEE
FRBRHBERBRTM. EASH - AFERE, AOREE IS S I EE 5
EHREEE, TEMAWNEESET LR, RMETNBAER. TL2FHH
e, MAREAEEEZEN, AENAEANNAZHARIERE L —KH
R ERAGE S T REAR, A REMHBERTH. T8, #adEnn
A AR I 0 AR R AT, RIS B £ 0 R SR R A
fe. AL, FLEGFAXEBAEILEATLAELMA. AN KA E M4
FEm. RERH, MARS KN EESMAREROMAEATR, XREKR
HEMKRHEESARNARVBGRE, Al AL REHDASME B
MARENL T M S TR

3.2 FErKBER

3.2.1 EfIAR

BEmMMAMKEREAAN, BHFARAMLTE. RELETHRE, TET

LT R R0,
%=%£-[AE,, %}ﬁ%{m{z}] (3.1)

A, z—HZALIR, MEATF

E,—RHASBER, m'/s

A— @R A TFHEETH, m .

P —KETHER: LM AHEEEHNESR, Ww/m’

FERODMUSEENRHS ENRAFIFEIMKE T H. o8
FW: REBITHMITHEWAKERT ERMNRM. WEFKNREMMKEEESD
S FHNRFHWBAER, VHEEEL:

1(z,7},_, =1g (3.2)

AMR_RARAHRREIEHENKTERE R &M, B ALBRRER
B, MERESEENKZEGERER @, REREE O, WA K554,
JEE T T S0 1

""lmb =0,/4, {3.3)
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iEd IO N I i Mol o S R EAT

K i A
O,mr, = (3.4

Pz oz Ay B A REFIAK TR, 4 AEEMES, o AKEREAR,
AT HRAREE T TV BERLAONZFIT HRET. AT df KB KE
MW, SRS RAKSKE KERL. B, ARERSERNER XD,
AREEN EEE S, HTFANEMIRARF, BRO EETET lem?/sC,
XTI AR KA, E AR MR AR, BAH E ARk
Bl 0.0Lem®/s, By AR T BBREN T E. Fang U Stefan IR TR FERER
FE AR A DR AR AT, FEE A 6.85m 1 3.87Tm,
WH B E N 7.5% 107 e’ /5. S F 1 K8 3 p 7k 4 — B G AR ALK ¥
BB G, £ BTIRALRE SN AL A .
AHEQUBHESEHRRGIRAHBDTE, ¥THRESITIEEENE
HaAaRBRE, HETEN—BRENKEETTEY, BYERABEHK,

3.2.2 KEHKEBE

EE AR AKR S A, SARTERTARAE. Ke#wBUFBEN.
BE., #8=4MFM0. KERNRKHEREp 5.
¢, =(-rlp, +0-r)0, - @, -0, - ¢ (3.5}
RH: @y @ — AW BB AR THRESES, Win
ro— RERCAMEEFSMEFE, B0l
re— KA ETRE B RIS, R 0.03
o — KR H S, Wom
Gon Go— HEMREEACTANBLE, Wn'
REHAMERHOAREREY, e -UorcdEENE. —MoEE
HHLR W AR RS, ARE SR ER P S BER T, W THENRE B
it lem BZKETTH ¥ 27%0 AR 5SS, L 10cm BHSS 45%, L Lem BETT BA
HiSd 64%; R TRMAE, HISAETHR. TRHELANBERRENIEAX
e,
plz)=(1-ro, - Blexpl-nz; ~2]] (3.6)
AR KEREE, BA=04, p AEERE, TERATREMEENME.
MREA KRG, — BT = 0.6.
FEEHEEH ¢, M Stefan-Boltzmann AR+ H
#, = 058, {f, +273)" (3.7)
A L, SR, o, K Stefan-Boltzmann % . 5.67x10° W/(mBKY): & AN
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MRS E, 6 XEEE—HRR Idso-Jackson 2483 8%

£, =1-0.261exp(-0.74x107"1]) (3.8)
FAEF =R, B Bolz A BTSN
g, = {1+C.m7) (3.9)

ATHoAZBESNERA, A—a#ER, Isesl: ¢, VMicERBRENER
¥, C, 048 4 0.04—0.25 Z W4k, XEENK THRE 8 BIEEN LY H 01719,
AEZHPKHEN . R ERBEEBEEEN 34, ATRIE:

@, =08, (1, +279* (3.10
AT AKTERE: s ARERERES E, 097,
KBEELHTERe MM E —MFER2BRAR, THTATESE,

@, = 15x 107 x(9.2+ 04612 W p, - p.) (3.11)
AW w K E L 2 KM FEms). p. ATRBKRERSE AP p Bk
o 3R AT FEM A AR RS E A (Pa). T HF R,

b= ex[{ES. 196~ :f 1;:?]2]

7 i #0 Bi 1 B g T30 3T Bowen b i 8% 18U,

P, =0.75C, py{9.2+ 0.46u2 )¢, -1} (3.13)
AP po AKE LRI RKS T (hla); Cp M Bowen B, —MN 6.6x107°C7.

3.2.3 KEZE Sk

AERBENMAMBESREMREZ T KEMARBDUEA @M AFTHE b, B#H
BMXIRATHRABE., BFnhmALRARARSM ). BESR. £E
MEMHAE-BWHE, RAEREZHE. AL TEEAEHANEE SBER
#FONREATESSSHMHEATEL, ARTHHEKEEECSESENNA
AR EL, RERAEEE{NERET RN, ERERTE
PR AENECHEY KEEEREHAREEITHEEL. IAESENMER
THROEKE, RIEAFEMAREEREEREN LRENTHEZ R %L,

REMENEF D M KE. KAHEAETEEFBETE. LEARIAERN®
KNI STEAZSTHET. URESESHAHLRAES.

O =nEA {1, — 1} (3.14)

=1
K= l+—D—" D, +ﬂ 1 +R, + & {3.15)
a, 24, \D ) D, \a,

R ty— BERRBH PRI, 1, = + 1) 2
— B M AWIRLE, C

(3.12)




HoF R AL B BT (ST MR I SR T IR

K— A nETRRLE), W/mhT)
Ay — F i E A A R, m’
L— EBEENIFRAN WinT)
D D—REMA. AF4H, m
an a— M. HNEMEEA LS, WinhT)
R Ro— QERFRE. HRAAGHIHBM, m®CT/W
BEATAL FHERE FEREA, REARTMAFLRETLAE.
TAM. FAMARMERE it

LG (3.16)
D

HETRIERAREN, ARSHRENSUES, D FHEAR. HBEHN
B AN, AENSRKEOSMEE, D RTIENE. A TSR m e
H, TEEREANNAESEER. ZEH TR Ditus-Boelter xARATHEE
P9 0 ) 55 1 SR #TY:

Nw, = 0.023Re™* Pr° {3.17)
ERPE e S . BEEHOE, THHEEWE, =03 £FHMe, EH
Wi, =04,

P Ao ST A RO R, AR R T R ol A R R

2

1

7
Wu, =406+ 0.387Ka — {3.18)

3 7
[1+(l].5551;"Pr}"‘]

.

R - 8P, (3.19)
12

.hs Re - Rayleigh 3
¥ AHEMBRER, /T
v —— R HIE Eh T B, m'ss
a — KB HAR. s
A —HEFHALE SRR LE, T
AFAMERD, SRERFFARFERD. ETHANDRAREMNE
6 BB REWIRE A, T B SEER — A0 DM KR T A iR s, TSR
AHERMETRMARL SRR Ziailh.
A SR

—— (3.2
2 ! 2
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3.2.4 KEEAMEEAT

W34 B, BKESE s M ATREERS, SENEE Y42, HP R
HEFRTHHRGH s, REABETHNREN b PHEAERRTATTHR LK
WHS, =2, 3, n-1. BPEHTH : MEBTHAEHAR, KT+
-l RTEAMEERTT AT ENE. RIEE 34, AR LEGEREBHY
BHEE.

\ o l?:r l'?ﬁr t?w T'F"f T"Pc II|-
ar
o)
\ AHU fp“i @ dz +1f
\ 4 o
\_ At
'
Pl

[

B34 kEEedRED
BiPEETEE; MHBRANERRE S A,
t=t e (3.21)

HFE A MEREES 1 PHBARESE, 4THE P ANEHIES S
T EBERMEEELE.

HPHAE—FRL A4STREARES I EHEE TG AERHT
e RARETE LR, Rl AS8m, ML R am, SR
U EBEFFELWT

1
d":;-pr.-d_ﬂz(%’u oy = P )AT (31.22)
. E I-lr_] _._._r-l"_l I)r_ _r.n' -1
i = Aéz[ TE AT e .29
£

MFRAMBERT, 4/ETKELEEIEENEAZENL AW RE B &
SIRNAETR AL M. HEAZUAEEEMNGET, BED K a0l &R
HBEEEENTEADT:

Pad?

A= (3.24)

E, (e -4 ]
atly = ;Iz[ d;"" AM_,Jdr (3.25)
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R KR A S B PHZ AT S e

WEREHEL, o BT WEARIEN N EAREE L AL, E AP
312 R AL arly B R R AE S B R A R AR S IR AR T B b a2 B0 SR
W% BHEOART, HEREE 0, £ RBRSSH, 1L K 4 0s EFHEE
HUERFTR AT,

A
Atf, = 2502 4 (3.26)
i1 _ i
1 -t
A dz A :
3,4
A, = EnAT (3.28)
ped Az

S ECRR Q. IE. RERME 0. 0 K.

XEIFRAENERFSBR—CRAHEE, ATRATHMANRE, £
T3 o 8 A5 AR I A 1 (kgm )

24y = [0.9998395 + 67914107 %1 —9.0894 x 107 x* + 1.0171x 1077 x°
S12816% 100 xr* +1.1592x 107 x/® - 5.0125x 107 x5 Jc 1000 (3.29)

PRRAEA LIEE B, O EEEE 1NN,

BFRXATENENEE, RS 2 Al A . MRIEFHEoREL.
HBEMEMSN.
ar 1
e
FEEEL MMV E SRR E EAARRACRE NS, HE RN
1pm, ATFEATHAREMERR ), REKBEMERE Az ARFEHND,, &
BE#E L A (3.30).

A e F AR RV RS 75T B R SR W B L AR S iR i b A BENE A ALY
ERN AR D WA WANEHITE, REAT, FULA LR HLESR,
AT REENAARKN, HRERRA.

{3.30}

¥

1.3 K—ESHRHEER

=2 FHLEL (water-tovair heat pump unit), X3 KE B R AL HAR
b, 7 80 kW T, RE£SETFAMNEATN4A. EFHM
BTHEMEUAM—EETERERRAR DL KT FANA.

.31 BERARNMHSHRASER
MBS ERLA LTSRN B MR E R, LSS
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1St

MOMAET2ENTRMGRLSIATE, ILTEAY RETATHR A5
PAER. HENERENAAS Y ERANATREEY A BTRE, 1S
BREEFT AENSSE, BFE ZRESTSHIREES .

Allen A Hamilton B T — A FX AN KNAGRAEH, T2 40T
BAERGEA. %8 O MIEMHL T N g3 m 4 %R 8 N KB G 8
HABERFMASA . HELR, PHERRGTHERYLH R

Qe = mell, 1) (3.31)
Qc' = rﬁcﬂ{r.ﬁ "_'r.:'l) {332}
0. =0, +N (3.33)

APHI M, s LB HAERENER, BROKS, AL . RS
SHRE., EHMNAKR. ZCHNRFRBNAREBAODKERGRHBRT . %8
RMIEHSAHE, AR, HEEMNFET KEUTR AW HTHERSMD 5
BRHAKRELUELENNE, Lirx tBERHXSEOMHEE.
Steecher BV M A ERA B NBAEH S BNESBHNNER L ABLABE
ARRAENEHIAN, WHEER. FHASRSEANTREC A EHEL,
0, = 6[i +0.046(t,, —£,))t., —£,) (3.34)
Q. =L —1,.0) (3.35}
APy, FHAFERBEMGSEAE, UL Y EETTHRER AR,
oy DR E . ERF L HLBAHEAGHTEARSE. ZHEAETQEAM
ERBRENGRBEETHRSEA RS IE.
Stefanuk R T —MHEFEHMK KBTI ME], AR TRl
PR, MESBEHER, 8. hBRREFERBCREBNHTHIE.
Bourdouxhe $& y T & E A F AV AR AR ZHENTTHFERSERM
et R ), SUFERFREEICTAATHERRE. 2HRE.
AR, AR, HABRNMEENLDEF, ATHRERESNMNENSE, AT
PR — R 2 B Ok o Bk 3 4 1 4G
Jin BETEFSEEIHA-K, K-EXHENARERETY, EFkt
B4R, EREYFAMRONER S, RESFLBENE TR SR
FIHBANSHRAMN B RY, ZHEFEBRMESFEREN S, § ) B0
FESHMNTEEZAMRERS BETRAN:

v ) 1 1
o i[[{m,,,).- -(NM.J.] +[£Qm.1,- *ﬁth} } (3.36)

i=1 (-?‘Fm.r )r' (er ]I

NPT cat 3 col FURFEEENHEE. TESSHBATAMEUNE
ZRNLWE, BT RED ERAERAEETLG T L AR SE. EHERE
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B i s RELHHETTERE SIRIT IR

RAMETEL, MR|RANALEE 2.

bwran, AEEMSKRERAEARN, RAREREN il nElE
BUMBEEHITHRS, EFEEMKEMIHEBRAETEYE, BERK R
FYERE, FAERFALE. ETERETHRERUIFENERESL, O
RFRBER. FERET—PHTRHMNESEL.

3.3.2 EHmALARER

K-ESHRENATRAEKARREATLGIN, AT e Rl EE IS
ERHASHMICEERAATR IR THNERFERREREN A REEN
W a R,

N =4Oy, + O, + 087 + Oyt = C ot f, (3.37)
AW CroCo ATTEHER. MRBEREREER rEHINDF —fn)
LA LSRR A

ERAFENDFERET. MENARYHRRES W AGELNETER
BEEE, MARARHEAEENAES S, AXRENSEL AL
BB A, FEWMANEH0d, TUXHARELNK-TAARMAR
o, A AT

(1} H-FSAEGUER TR — R B AT TR0 8 RO e
AIRE . A i R R B NG AT E AR, S AR
FEmAdEA, AR EBRHEANRAREGHYL.

(2} MAMHHNEDSE: B, AXFBRTOESNAHEHETEDR,
WU 5, ) 36k F R 40 o, FOAEER N EL OO0 8 48 R I A

RARRBI G EER AR ARNE, K- FPAARNAFNRHDAREN
PR AR LR BB ) A RE R AT I A R AR, L SRR I MR eI R

g=1-g™" (3.38)
MU=¥1 (3.39}
Lt

f

T NTU —— {#3B m

UA—BmMBHERARY

m— E I MM BHAERFETH FTRE

1K B 1 L2

H-ERARNEABASEITHEAMNAERS. FTHRELSEE. 500

Hh RECHE SR E £ KB £ . R4E ASHRAE handbook &5 & i) $147 7Y, —
ROBERBHENDTMEBFLD 47.1~812W/(m>C), & BEIEY 3R
£ 4 405454 WAm™ Ty, R22 ey MM BT R E A 1 704~ 5 679 W/ (m™ T
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HAMNSGEENREL TS EEMNAEBE, TEQR AT L EERR
BE. WRFARKBEREWSRARMEFEEY, NARSARAEETARE
Bam, REMEFEFRREE.

ANERHLT. EATREASHRESNBELMREREAARUT, REFHEH
XH, RABZEEZAEHRGTU. BFRAEARDEERY, B EEREH
RETH, ARSI, B4 FTHANEE. REATF2RIRAHES
NEEHNEATSERERAOUNTEBEEREETERR ZAMRE, ¥
AT 44 HEBEBRETRRH,

JQ=:—ﬂ{fu i )dA (3.40)
F-IJ'

AP i i, FHAEPENESRELZABRN=SE WA

HTRE#TEAMEANTSR., TSETREIANZEETHREER
{enthalpy transfer}, AHIEREEHAGEHIE, BERAENTEe,,, NG EiE
WL E NTU,,. 5 3 R0,

f

by =0T e NTU,) 3.41)
Im‘ _-Ise
Ny = et (3.42)
ol pa
. -[
Ud,, = F[£+ ﬂ+—c£"-] (3.43)
@, A a.ub
di
b= [EL {3.44)
AB, Udye BRI EREY, W/ '
far o ﬁﬁ.*ﬂﬂjbﬁ.ﬁ’ﬁﬁfﬁs L-”kg

F— EENRBTHREGRER), o’
n. f— MR R EMN LR
ain ao— FIRFBAESMHAHBRER, Wi inkT)
6 A—EEMPAENIART: 0. W/(iDT)
m,— EIWAERRE. kg/s
Cpa —— BRINWEEH, 1/(kgT)
H—EMEREEEAR, GNEFSRSNEEEL BB XK. AEREEMN
ERAELGE R LRE A
i, =21339¢ + 7811.8 (3.45)
Fek, 6 aATREL A 2133.9)/(kgeC). BREBNEHTHRBTRERSY:
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HEXERT FRNEE TN SE TR

er = 'E:H'elmﬂ Uu.’ - l._n:':l ':346}
R AT LR e, e, BTE S, LT WAA B RU B ol g AR

3.3.3 K-FEARYEHEBENEELR

A AEE THAMSEHPZEARE. CANEH: BR® A CL, I'HE
Bty MRS EREm,, EARE L. LRBENSEHRER U4, HT
S ARSI 28, R EETHREME O, BER S DR E 8
A B ) o, AT H R A BN B LIEERENT:

1. AGFEARATHIERELRERT LA

B (02), TORHERARSRE ST HER . HXNEFRXELRNY:

. )
Exp[23.]95— 381644 J=¢"ﬂxpl23,196—- 381644 ] (3.47)
i +227.02 t +227.0
TR, HEMNERE T T RSN
‘= 3313’68}12‘4* _270 (3.48)
ST
HARESBEAATA:
Q. = Coggts—1) (3.49)

MARO,=CL KPHRERIETEARE. AELTIR: WHRQ, <CL, &
I R TR AUR I, RENE L.

2 KEAEE

EEFE, JFMERFTE N, HAHERE 2ESERE &4 BH
) EH BT BARENEFEZE AT, B S NEE AH R RE
mAkd, FRHFSHSEEREEFE. s T TTATH FRRLUERRE,

CL
Bl M,

MPRETH, FAACAN~ACa) Rig,. BREATAREETHRESR
R ES THRERENRNESEE.

t, =t — (3.50]

L

fop =0y = - {3.513
& e M
H BT B & 20 303 i 18R A 38 1 7 A ) R R i
{o= 591027 4% _.18e™1Y _ 64,721 w0047 (3.52)

3. KT SR E RS R
LSEXBEV R, B MHREFERAEAHTGE S HEER
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FTHRE MEBERSHEBENERNEGHE), SELXREE ERARGINFELE
WHhEN, PER O =N+CL, BERATAHEUA NS ERE:

Ic =Im¢r + Qﬂ . (353‘}
L

APW e IS BEEH, EHFHATT HEL, HASROEELE, K
HARER" 3.3 1 Jr nge A
4. kHESHENLRER
RIBE—FREKNEGGER O RN REBSHHEE. NETNELERE 6,
o,
€ it
HATHRNEMMEEREEWR 2. SRiEEHRE ALY, ToH
HAHERNATSRHREREAYVE. BRAAGA FL, AFARUSRME:

HL

£ phly

RERE-IMEEREERTEE, Z4¥REERUEMRNIER N WAR
Q.=HL-N. HTFXHEUNENELRY.

'rs =raur__QL (356}

Eei-'pjﬂ-'l;
RE#HTER, BEHNFEEFRNEARSE, RETABR XD,
RERERRAERNRXPHTARERES HRHERE:

£ =1 + (3.54)

(3.55)

£oo=F —Q—‘_ (3.37)
H'f'p;mj

REARSHBEAREMKEENG. iERKEREMEAET 10°C. K
BSHMD QSN —QNATE, WMRE FEHASRTTE, WiHrFHE
BRARERLERER, #TAHHERARMAR, AAXRENEDERE 1.

L
1, = L 3w, (3.58)

Mhiar 1=l

AR Mm2HRE VAN NERENERNNRE, 5, A RSN R
B,

3.4 REHEBRIKEE

3.4.1 EEABIMMENEIEHXRE
E—EEFEA, SESREMKNBHBENRES, A THERR,
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b qh i A 5 RE IR AT BT FT

0, - M[%—u] i~ L) (3.59)
BESU T, L R o DA B0 U LRI B A 1 B

PRIHE L SR E ¢, (OETHENER)NELTE 0.8k, Mt O,
B S MM foe B 1y FfE, TEREMMERTHRERHBAERIHE 4R E
At Mory L HRIMIT(3.26) ~ K (3.28) LI AR (3.59), ATLLHAL S5 5 40 F B99%
fla .

) pLE)
Lout +IJL _I{i:}

k) | 0k) &
[ of 9 - 3
Igﬁ;lj _ Vo T4, —HMFQ_— {3.60)
2 ety €
(CSRT
nKAP[rm 7 _’?]]m
1
4] - - ' ' ’
#f =g 4 ey + At + Ay, (3.61)
b

BA LR A, o, BIIEACAESE L BRI AR Ey, 1
SR R FNEEAE . B ARPR P RERE S A,
FHMAA- B RRIAHEBE TR Y. ¢ e BWCRHED

b -l =107 (3.62)
p el e (3.63)

3.4.2 WHEIAE

RES/ FHEPSESMH SIS RMHANENER UL KDRHE. &
BELHMML CRARZEE BB ERES LR E 2 0E R
TR, BT EEEZARE. mETHHNKEFAELREKNEERT
FRE, BReREiRs, PRLEFEAATTEESENRTEN. Hit,
MZEbm redEARsh TEREKLLT T2 1 B)WKER, gifEx
FERST. MRARERHRELT 2 EMNAREE AF-RES, HBRE
FHEEAEETHRE-BEMERLI . HRES S8 M08 RAKERS A E
RGBSR RKB S . UL, BR>TF -MEMIE. B35 38NN
£ S SR v i T T

ERAEEEmE T HARERRRRERRDHELEF CLOOP, #H
75 7 R T A S 7E 1B % i 50 S0 B0 A8 T R DL 77 38 B ARG BLAUURT 3 K3 I S A
AHNANEEHUFTEFATHFE, TR ca LITHBRANE. BRSTE£E85
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L
B~y 2ARE
i
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B - T m AE S A

B35 ST HRE

3.9 HENMKBERREESH

3.5.1 RENHFAE

BAMA AN THMEEARETREAN —BEENE, AFETOR G4
BREETH, RANFEETASD 227m’. WESDH— O 380 m? /7 ihE,
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AR FH—TAERERE M. BREFIENAKE, HAGNEES
TRAERKBOFLEFIYME, A4 %K TE BT 8 F 0 LB 52 o A ) 7 5 26
. MR-~ BE, T8 THEAR kL,

EXARWAEHETHEFAREMTHERS M HE

D, = [ ]:’“"‘ B’ f{D]dD]'% (4.24)
i

Dy = ( [ p? f{D)dﬂ)E (4.25)
FE, B A THER(SMD, Sauter mean diameter) ] L # 7 %51,

my 3

smp=2r | 0/ (4.26)

D¢ [ D F(Dyp
MFPF—1THRET SMDHAER,. HEMSEEHI STl REMm
EFHERARER L. M EmR ) RN EEYNEE R, BFhuR
B, W SMD BEEEA . KL, SMD EHERTHH (RE) IREMHEAEKE. SMD
RPN REHE DTS, BT S, o E Kk, SMD
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= ﬁ f”“ { DD f(DYID (4.27)
3

I = é ];D“‘“ HDD? F(D)dD (4.28)
X

AR ETTELE M, ¢ 30 2 5+ De Al Ds.
T YRRTEHBT M CEMBTEHREL” BENESR L, £XR0 “rvE
ATHERE” NS, FHRLEA.

Feap = ﬁ [ «pyriowp (4.29)

A ARV EAAKERERE, TAAERAFTTE H2EE, A8
FHEEARENT: FUAMNEREERRFYERNNH, RERARTHFIHER
fO#F. TR TRIAT:
"’"ﬁ“; By [0 B (e DYDP S (DWID 5 —1,)

+0.622¢[p, f(py— ) - P, [Py — )] {4.30]
BEBRNS TESHREIEEAXL, AMHAGERTHRENEME b,
REFATHEAHNMEYBRFERE LS HEHL. HeRantERTh, &
POPIGEM . MRV ORE LR RETEE " EHEl b, MEA=FiLMRN
AR, MTIRERATS, HREETUEEZATEELAR. TE. @300
LS A:

_ P.kfﬁiMD d:;fﬂ - ﬁm(r,_-;,uﬂ)[cm(rm, ~f, )+ l}.ﬁ:zr(pﬂf} - pﬂ{iﬂpa ]] (4.31)
B ER W ER, HEA SMD MK EMERET LA UERENA dﬁﬁﬁ“ﬂz-ﬁ]
28, HESR @I MKFEZFE, Eof AR FHmHaR.

wRIEHAE, KBMEARAUEZSEHHE LA TREENRRE S 5
HWESH WA, KESERESKRMEZ(MREI&, WEXKEBLSNE
FRHBEZLER, LAES ), WFEXESETTHITMERAER. KiFHE
REBHHERAMEELNFZSSHELEER . X FHOKMMEZANAKN
SN, AEHD, KERSLARLFRKOEREHE., BEFSERER
ML TR R B EE. fimREN ASCONA REA
PSI-CELL A1 &t — A WE R LM EEMMmHE, BISAMNIETENTEIE
AR, KRB Ed.. AEMITANEATESE KRN ANRR, 15
Hepl AR B S X B, hH TR R0 MR b, ol LUEE RS R{E SR
MK AT ER .
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T, K MEFBEE K, SMD B Imm~3mm, THHARARZELNFFRT.
a] LA 2 R il PR R 8 S R VY B B 9 S A BT ST, i TR T AR SR ROR R 8L
MAKFENTRAENKESIELVETEANSE. S ANENNE, 5
SHNHBLE, AXRWEHORLIGHRNER B TR, N K
T, RESANELE. R4 P p A5 ETTHARFRFIED.

x4 FTHRENKESKIENGELAE

Fid () | =t | VW T RRE W ARRARSEN
N 2.3 =2 0.5 % (fq H) P
u, > 2.5 <27 s P
1.0%u, 2.5 227 0.5 X (g +Hig) (105~ 115X po
L0 0, <25 <27 fn (105~ 1.15) X pe
= 1.0 =50 054 (1 Hm) NI~ 12X ps

g B 2 3 30 0 Bt (LR AU A S A E R U QAR R G ER AT ER. R
BSMDMBEW U RHER 2R ENAE. MSREMSMDE T A L
FHREUTL D WARERESBER L. RBREUNARERNCRE B E;
R A DL 1 A IR G e ik, BEE T HENE A, thBCCDALAE FHE
RABFERMAEER  FRSERAWCENIRATINENLEFHR.TER,
R (Malvern) B 4% . B EHHIL(LDV), CT{Computed Tomography) i
FAPIV (Particle Imaging Velocimetry) 3 & 5 A 21001021

B - XM KRR LB RSMDER R ER. Bk
MERX R, MNBKIBIEFEFNERATEREAHEREHEH AR

5“%:133%;&-“ _ (4.32)
g
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AP ARBABRSGRE, HTEHEND.NELEEHEIAET, 4=D./8.
4.2.5 R AT AR BF

HTEARE. REHKRFENAKBARFZIIEPRBMAN, mBEAHHM
EF M EAZDMN, CEEERBLUIARFRHARNS A, ARXHYEA
MiZ. AWARES HASEAMELRD,, AL AXAKFELFTEEN
BE. A THR. SREELRAKER. MEEREREAMN RS- ETsE
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IR

4.3 ML HEERITHEE
4.3 BUKLAEE MW S a6

4.3.1 MEMAE SR RIST

JTHERL LR, FAMHA—AE T+ E RBAARNIN, F8H
EERESAMERHTE.

FTEEAEMNG- e Xxamiss), ExiEE M TERE Sacramento TH
Rancho Seco 1% Uik ¥ 0% M b o 24 4l AT T 58, MR T — RAA M IR T 0
B, EWMMHEH RN R SPRACO 2 75l SPRACO 1751 T iE®E, Wi
MIT{EE Y 48kPa, T MBMMIAKE R 12.24m’/h, WHEETKE LY
L3Zm (S &b, S £ HRAIE, £ 48kPa B RIS P, EWEIB O KRER
FRFHEEE 1.58mm B 1.92mm 2.7, HEMNEEHER 1.75mm. KEFHH
SMAAEAN G, IBFEFY B9 m/ s,

HHEIGEE ML KN 0015 HAAFEMNHAFRAKTEAE. #qRE
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KA. 42 A TRHERTEASEMENTEER, PRt EFLE
LA SEBAGe LM,
4.2 CTEERESTRERAMME

WARE | THRAK | 30K | AHEE | RE | SWER | SH4E
(Th T LT3 (%) fmisd {T) (T
26.6 7.5 16.1 206 5.42 222 23,54
25.2 12.% 10.6 77.8 2.37 2.7 20159
25.3 183 11.6 587 2.68 PARY 21.62
25.9 1.7 14.2 42.9 2,90 2.0 21.94
7.3 EER 0.9 111 2.95 251 24,76
27.1 0.8 19.2 36.7 3.75 235 23.64
268.% 22.4 16§ 31.8 1.70 231 23.0
263 20.7 15.7 58.0 1.70 1314 23.03
8.7 2 16.4 E Jee 5.39 a1 22.65
28.7 5.0 2.4 34.0 313 15.2 25.63
335 9% 1.2 521 0.32 19.3 g

AP HERRY, HEHNRSRE SRR S BB,
FxEHOMARBTLIARENHHADNER. Ad, FEIHREDF
im/s ARABESHESBAZRACGEBEEAT VCIHNELTLEE. ®
AEESHABSEEZERANBEEETEARMBRPELIN, - AT THA
RESAHBHERASHE 5T,

4.3.2 BHMHREEMRAE

ATHHMERB SRR, 5 REHFN Im/s AR ARAKNM
EMEBPGRITT 8. HHEETAERRN SN BKEREN 35T, BEFEAMN
TR A 29.8°C, MAWALA 521%, WHREF 222C. HHERLE 4.3,
R Do AAKBHEBER, DAKTIAKEM BB, (X AR KEM Y
TTEEE (RAW)}, LY MEAERKITERE, o AKEHMNAKLEMEE, o
RABEICITHNE. EPTENRERNSAERDIIEE, SHOKEN 3ms
P S

HHEHSRKZW,: ER—MMNARS, KIRHEREX, EFHRA0E R840
BEX, KN —SeRTEn REELARBRAKEEFETENERK -
B, HRAAKEN Re AKX, BARSH AT, EEFESEAHTES
FHAFXE, KAKEMBELE,, ERANERRITREEL. BF, KBRS



T A i AT FE P AT (R AR

A S TR T R ENmER, X—RETLUAEHA4TFN.

F43 ENEMING AEAERSH8MN T

Ly LX muy LY par D,I’ I Tere
{inm) {im) {rn) {mm}) (T) (s}
0.6 1937 72381 0.944 / 1.898 0.594 2 7 D593 ] 2565723685 | 1507 147
0.75 | 236773002 | L1497 1089 | 0.7438/6.7427 | 26.00/2432% | 1,50/ 147
0.9 | 2.805/3.621 1,332/ 1.262 | B934 /70,8923 | 26589/2502 | 1.50/ 1.47
1.0 307074017 1.443 ¢ 1566 G993 1/09%20 | 270972555 | 1.5]1 1 1.4B
1.2 | 3.590/ 4.807 1641/ 1.556 | 11927/ 1.191 5 | 27.89/26.53 | 1.52/7 .50
1.5 | 435275875 | 1340/ 1.794 | 1.4923/ 14009 | 28792775 | L.56 /153
175 | 4954 /6613 | 205671935 | 1.7421/1.7405 | 203312850 | 158/ 1.54
20 | 5566/ 7.245 | Z1B3 2050 | 1.9920/1.9903 | 29.71/29.14 | .41/ 1.57
2.3 &130/7.874 2.300 /2,159 22919 /2290 1 | 301672068 | 1.6271.58
2.6 6.681 / §.200 2.393 7 2.249 25001 9/259073 30.79 /30011 | 1647 1.59
28 6911/ 8464 24497 2303 2791 8/2.7903 | 3136303532 | 165160
jo 7070 1 3.676 2,500/2.354 2,901 6720805 [ 31.04/73063 | 1.66/1.61
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275 y= (9580, ] 2147 -
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WM R MR B4 p=ar’ BEAEA.
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B R A !

B4 APEESHHSERNERNRER
WEHTH, AREREEFRBEBA XA LRADTHTHATESR:
D =02589121%
AR E AR B L R R A S TR Y SO [104] 4 R0 AR S iR . SeEk [104)
R R R “@RE" NS TEHRERAAERLKNTHES, ERAKEEREHEE

{4.34)

Bl 4.5 hFKEN SRS sMDRI xR, RS REN, BIG SMD
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Afeid A, LR MR, FRAER RS E SR SMD fHElE XA,

¢ = 27.173SMD " (4.35)
3
P -
31 A
£
£
18 1 y= TR E
A R? = 1.9908
>
25— — - -
625 075 125 LIS 225 235 A28
AESMD (mm)

Md5 BHSEESEE SMDEXER

HHEGERIEEY: REBKXH 3mis B, FREBEKFE RS ENTRAE
. RAMREREMSKAHERESS. BERANTSHE, MRAigTke
#Haih—iax, A4 SEABIELED, DAhRws £%.

REZAMERBEEERNAAREMEENE AZTHNEN T EERER
BETHEE R THEMARE. THRETATE), RS RUE 4.6 Fir.
Bl 4.6 0. FARNBAKEFMNTREFET, S FLIE, Wl SREI.
AR TR, BREEE S, WS AMHE ST, FHEMB
MERLSSEHREAN OB ERRLN:

¢, =0.00218], 37583, +67.273 (4.36)
kY]
315
y=0.0921x" - 3.7583x + 67.273
~ 3 R =0.9903
£ s
50
ﬁf 30 4
9.5
29 4
285 T T T —
20 2] 22 23 24 25 26

BEFRE(T)
H46 MHEESDIRBEDXAR
AR4AIFALIEY: FPHARERE ), BNERTHRRELN ZLERN.
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AMAEEF. EEMY, 0]l RN SMDO 75mm) MK ERHEFEMERT
BERE, REASEPHELEE N 135%. —HEATY, FTHEREREE 0.8%~
1.5%22 0, #EmWhESRahER S0%sE L.

4.4 WA EKRE #1# 0

4.4.1 HiERE

FHREEE A KETRERSHON E 0 XA RVE DR (E) KR
WP R RERARE, B E T A AR A L 0 A A RB e, WA
L% F 0 2 78 T ok T 0 AR o 4k

MEH SR AT R KRS, RASHEEL. JEBLITRRL &
HiE:

di A -n)pg + A7)0 + D~ Qowe ~ D
dr e
W AKEA 100 XPH O AR EC R, BT YUAL S A0 K B,
Our HEHBME: Qo AKTEH .. EANMHNEMMER, dFTEL 322,
ARV 535 2 A Yy LR K AR

FEFIA B MmN B R T ik R, BB PR H O,

_ U =G et =1} {4.38)
TR G DB MERIEUK R, o B 5. B TR MR AR AT A
SEEEWAA, B H S ZKBH BT FHE S NEAEF R
) 0] v A A B

HEFRGINPIAAREHNBRAEN B, B nwmmiEs @i
RETLME, THERHFR I METE, SRaAfEamd. ERIA
MR I B b — EE S T i

4.4.2 LHGH

EA R R RS TR — MR, HEMRA Se0m’, FHEKEFE Lim,
BRI A T RS E, Tk 2w 5 B B B Rk AT HI . E R R
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HEERMITAHM SPRACO 175! Emi, CHLEANRSEHE. HYEE N

(4.37)

T



ML

re—

T, ERBFHAESPEIN. o520 AEFHBR . B A A R AR L
BARMEN MK BB BRKEETIHR.

m T T T . T T T
0800 09:00 1000|100 12:00 13:00 1400 1500 1600 1700 1800
P o

T T

B47 kAERIENBHBLE

35 100
33 -+ B E’?
o [ E
z o 2
ﬁa] """ E-
T 3
p. 00 @
H
ZT mema mmmimmim aarmamas s e . zm
—— SR —a— LA ER
25 4 1 1 T L] L T T T 0
DR {900 DD 1100 200 1300 1300 1500 16:00 1700 18400
I ju

H4s ERHSBREN

—— TR —o— H#HRE —— 5 AR

7B T T r y T f ' r T
GROD 0900 1000 1104 1200 13:00 1400 1500 1600 1700 1800
tisk fEl

Md¢ RAMRSTEBMANAE Mt
mE 49T, DRHMRR, KEEEMEHRUEHRAAHAFHTER
RIS, BT 124C. ¥ 9 MEMLHAR, KEAREEGTHE

=7l -



AR R A T B AT S L LR AT

BREL, ASEMBLER LT, £ DMEA, EREKVAEFTAHLE.
fEEIA T MEE, BRM R HEAEFHERL K, FHLAMRERFEA.
MO11:00 2 18:00, FHMREMAELESEREEMKRZ05T~1.43C.,
AW RS AR R IE T AR B fe R AR A B K, xR (R 9 TG
B AR ERELER LSS, R AGhHARER FREEEW,
WREAR AR, NEREESEKERERSNEYN, SAMRERB TR
R B L

LM EERREESETHEGNE. SRR, WRMREN
ek R E AT, SR T A ISR, BRI, BTSSRI
WEECHR O, i3 410w hed 105 MK BE S R thath R Ik QA3 R R AT 9
Hw .,

4.5 g

FHRXKERFEOERP, @FSUAMTKETREHALNEL, &
RS T E AR INEE BRAAKETRBLER, AL ERREBDER
AREV MG . A ARRLAHHERARS P KEARRE, BXTHX
FERY, ZEXAFENERETAEENSGRNARERE. RADENBZHE
AR I A M i T sk ed M R . s A 1 o] LUR B30 M R BV & B 3 KR
EHE R 18 & Hi IS LA R AN

I FH A 4R H I A (A e RE A 0 S I ot o BB AT T ML
EREZNERE HWE, FHAETETERRTMH.
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$OE MRKFRARSITHMRKE LT

— I R INERE RECEAN K. B, WK E N R KA A MBI
MBFRALFENKBR/RTEF) AR KERRRA G RIEA T AEE &0
HABaHeRETL PAKEE - BESHZEL. MM, EESAREHTE
I 1L 0L L o TR ) A £ T 7K SR A T A e O B

FEEHNBERKABANEEITIENE. BFS, ZEEFXERNTE
HOS), % —, RO FHE. BEHSTFB—%, HeRseHEM
FABEAREARSE: B, ~EAGHRA. #FSREMENEMEESK.
YRERKAGEHRBAHARZRE. REESRYRSEHRRNER, TAEAR
SMATAEHE. BTBER, R FERKESEFEOSR, FEEERE
BMEREHERYM, BE—PneERO0EH.

Wi WKL RRRAE fER, e RAEPHENE
oAk, BHA-FEREHFTHRRAGNE, B—FEHEET ABEHHE, #3F
AU THKERKBERI A AEENRE. N T PRSI BEREEERE
RIS, BHLEXNKER AR RS-

FIEMRT AR MR A RIS TR 3 AR R R . R R K 8T
MEKEAFRSITHOGEBER AT DMMmER, JTEHKRE -5, aJLIEH
BRI AAMABRAEAE KRS B A NREACREE TSN &R
B, MHR(106-108 | ¥Afix A BF Tk, X AFitie.

5.1 HRKEHEMKEHHE

MEAGERGERIBARL AT ZW0E O SR SN ERGETaE
KBEHRH. yTETHE, ~BBEHENTEEMEIL, SIARARENMRK
FORTAMEATE KSEHRKED 2 AP RS, R ERERKT S
HEhR. N TEAKGHATERRSEAHAERLR, ENASOH T TS
JUAAABE R AR By op B K R 7k o B2 B 50 B v 4R B 5T BT S £ T
ABILMSPEAEBARRAEIEARLLEEEN AR BT LGRS 803
HHEy REME RAREALRTRELRKSEEFEHE LR, &
A

a=p2+12562 +20, -1, (5.1}
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i 2 AR IR R B B AT 14 9 BT (AR

K, = oge + 0. +¢,) =[Ep5 +Fu[:¢}+‘¢5ﬂ(f; +273)°
£, o,
P, a— AR EH, W/ mihpra)
K—HEBXR&ELFEFS, wWim)
we—— KT " J5 2m AR GE, mis
g — KK E 5%
8p, foe, — WM KFR AL ATENMEF &R FEH
FEETH, MEKESBEOLOHRE, FEARLRKBPER/RE. K
WAL T B KA AR E K, SEEIBRERMER ., FERLES, KB
WMAEME? ESEEHNTHAXN LR, SRAKAENTLATRES, TAKBRET
A#AKEBRRKEARKBINTEE, & B EE SRS R, R LE
RT R R AR, RAEHAF 8, TEFEHAKRKY Q8 KR MK SR H
B
A M, R{EEMAENER. FRAEEHRAEEEL. XG0
BIrMEERICIERREMN 18~ TAHREMKSBRBB &S IRA. HXTHE
ERBAAEREMBHNERKRR. FHESFERNZER ML, REWLLSERER
FRE. KREREJNEMNEHHRTLU S, EHEREATHE N BT
B, YBRIDIRBHMLSFERETMBN - TEHFrEFEAREHTEY

_'.'l.

jl\.:l-.k.::

Py
o =0.75(9.2 + 0.4647 ) (5.3)

A ST~20TH KBTI ERMEMRE, 3 2000 LrAGRECCHAG.L.
THR S Fr— - R =100, ME w=2m/s, HPEBR 75%, A
SOKHE 11C, HAHBYEHRRIT., 5] HWBHNWERMEHEnNALh.

F5 1 A ANETRS K & IR AR (Wim"

g Hﬁtﬁ?&ilu,:il“c] FSHME (=37 4 it

™ Birtk o Bt o Sl
#Eh 32.3 | B.1% 12.5 3.4% 19.3 39.6%
»f it 5.1 1.4% -10,2 2.8% 15.3 30.6%
B 357.8 90.5% 342.9 03.8% 14.9 29.8%
a3t 395.2 100% 365.6 100% 50 100%

M ERRAIMETS, BHKTRAKAFSIHR ARG EHA R EE BRI

o, REHBEABHHARATRRAERE. R, 00 KRR
RS RMRE. SERERENTE 6 G S IR YRR T
AR, KESHBLTHERNTRUEGHKEEM A REEH. 2RHERT.
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BEAGERAMBESITHRFERMORE, T2 I K QAT HMR
R BT BT ER EE. £=MARRERELBRTRAKFRN AN S8
BT B o LA R AR T S S A . R A A E R R AR R RS
WAL ESE. KBRE FESERBELEIHOMAEE,

WY EEAE, AR kTS EA, TR 5 EHFEK
HERBRANELER S STME OB 0%ESL. SREAMKEGRERET
ARBHEERMARTEER, EEERET WS EREETmK oSS, b
FHANBHKESERTAE FESRKERTEINRAKO LY EE
BlRFANSERER), ZHEEG“HR" —DNELHBBTHEPEL. 2R
ARABNEATR, TUARHAREMTHARFRG .

K, = n,?;[‘?;:f + p,:,ch(g,z +0.4662) + 40, (¢, +273) (5.4}

SEKEMEAREEDS, BN 15~2W/ (mC). HENT ARAEL
BAEFELE. FHTFAEMES. MESHANEESBERXTORAKE, #
WHHEASES T, BTATFREOAH., #THLED, MEEREHAMS
. MAKBER, FEREKXSABKEETES.

5.2 HAMEBARKEXKETLEREHSH

MEKFERREMGETN, THBFHERUAATUESENEHRTLEL
B 3 BE I K (Y B Fr R R I R — S I B . — A B M 3K B i A 4R
WA AEE—ENRE, TUWNEERPKRELSE, WHAMETTESEE,
BEAFLLRE, FSEBAKEREERARA. Bk, HLER Y HLHEE
SEERAFAMKEHTEMHEITHMN.

HTSRBHEEMEALE, SEH TREKERDGES KR th 85— LT
H. BEERATEREGINAKANEEE METEMEBES - MEEEFED
AHREORMEHIREHLE KR EE —RITHMAME. Hik, AR A
FEMAKENARIESETR FRNER T BACH 075055 &5, HoRiE M E
B, MR XKEMNEREHDELTITBRASLMHA.

& E R, 3 AR AL EE R R S R E . A SRS
A, § LG NTEATFE, B — 2 H T 0GR 8 R AT 8 0B Lt
THF .. E4H ZE M Tanthapanichakoon! ', fn#-A fY Haghighat!''5!'81, g2-
) Scartezzini A B & (9 Hokoil"® ™%, rE W, HH NRITIZEMNAFEM
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Hh T ACHR B W AT A R AR AL B M E A S A At L R B
ML, EuTHEERMBNEYE., B @R RERmELE.

5.2.1 MHETRMET

HSIRAEFIRSAFRAGHEARTTELERN ARHAEF —-R b
=R e D R 4 G NN € E N e A o] B o R

ARERRNEAARES (g RERAEH () XS RKEEN (@)« X
MENZANEENE., 2. ANeERAFETEm, EREMAL: SRS
HEESERR G X, MRBWEHRES GRS a7 B, o, PZEHER @
FEHLEENEN, SABE PR, & BT EED R X (Markov)
AR AR RHEERA LML, BT MEE Bk ks 3R
RIRE LX, HE “WE" BREEx,

1827 T [H 4 4 % 5 Ay B (Brown) MR T JEF MM 760 L AEA M g7 FE
MiEz), VYU TELM “HEHEE". 1905 FFENH (Einstein) & W3 A 8z
EME—HENSE Y TH L RER, 1918 FHiay (Wiener) A HHEAEMERT
MMt fd OFrSHRLMEN, &R 1L B IL 5 5 8
Rl FUE, eyl WORFAMN LT AR, ERAREEFASHTRAR
B, BAMA Gauss HEF. Gauss HEFREFHEAF U R BE N SHED
Hriy TBE Gauss HHHENFRTHREALTE, EMmEEWRHEE L —HE R,
SENEG) EFE, KARMRAET REMWMETLE. EHREBHT, BEHLERIHELT
Gauss S, RAARESHEATEERAEFFHA Y Gauss L, oyt
1t Bt (B30 B AN TR Y - BRI AU,

2 A U S BRI R D A K B R T L D 4 L SR SE L AR SR AT 1 R
0 T S A RS S0 TSR B AU TH R, TR B B LT A 4 T E AR LR
HAaxmaoir bl b sm, WEEAMIFE RN Gavss AR, THET:

@y = By + T + O, (5.5)
alt)=Jol +al (5.6}

MFE W RELEMTH, HHELS, FETT o PN Gauss
[, W () =di()d. o)l MELHENSANERSZ, §, Ne, 2
B 39 5 S AR K T B R KK AR S R A K AR S R R W b (. v 4
2 0 KA BN R o, AR o, 5B W T ALK TR W K PR A B A KA
Kk Ey B .

ER B RESHASS SRS LN EENER, HHT— KN
P T R R AT A PR RS, WHSEM KR REES
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AR, EMER  RENGEVRTHMEILEFLHSBEAE. EZHHET. A
THREGHK, TETESMERE. EENSKRSHAKETELHERERX,
ATHKAENE R, TERHASSSHMEMERKEBER, H—RH
BHREEATERARALE.

HHAMEKFHENESUEIEEEEZ - T RTRLTE. FERQHEAS
ZAELEEGHS, HEXAGRATHER, TURYNTRHAEMEAM>FE.

di;?}: Ag,, +A¢; ;CQ;,-A% +Apc$) W, 00) (5.7)
AFP g YR EHHEAMNEZHARE. WO =(4o®)/ Ve, (0, FORFTE
LA HES W F o, o, FRETHEAET o, o, Fiil@asmimmks,
HBEFORNFTEETR S,
DW=y = AT (.o, ) + AT (1,0, ¥ (5.8
A E AT (o, YR AT (Lo ) B o, e, (EA FHRIRACGR T (FERM Bl A 1,
FRFORBE, B—MEY: HAA: W =pF0.

KEMEEMAE IR PHFEEFENEE EEEKES AU EEF
ARMSEHAKENBESYRIARIHNFEES BEAKENGRETEEFIR
EHE . MM EE SRV EEAIE, FEWRHREMI TG, 6T AR OYES
EMRPGEFEZRN, ERAPHEAER » SMAESTHR, BREHKL G
(51 A EM R EEN B A E.

Erig]=1,=3 % (5.9)

Sl -nF

orey)=o: =Ln—m (510
RPH AR TWEFRNENKE, TofloyaAARRSYEMNGEFREE.
5.2.2 BHEBZHUNBE
T ZERARES A, XEREEREHISL

b g7} L [ I=u
= sin | a<i<b {5.11)
4 Ab-a) [b—a ]

AF, o bAFBHAINBEHNA, BBNEFEHNANKEEHENAT. oK
fHEBRE. T2, KEBRERHKRESIENSEY.

ml-r . {t—a
£ - 5.12
2o—m sm(b_a:r]ﬂ{gp) { )

AW EpARKMBSBRHMGAEE, TUAERHFEAGAHBBEINE

"?_’.;'r = l:l - rs}E{ﬁsr} =



i A R ﬁ!ﬁ’i’:&i‘%f b S3a T (AR

FHFHEREBMHIR, B L 101,
b QuILCE SR NIE L b R 1

_ﬂ'—“‘_r?}_- f—a I "
= 26-a) blll[ HJH{{P} 3,13}

ir

h-n
T o(py A AR SRS, THEORAANEEHAAAREY
it th & 8.
H—R P SEBHE4ee R, £67 G R AU,
T, =T, + 4, cos(l5r 225} i5.14)
APH T AAFESHE, 4 WHSEER, Ai= TuoTn-
KARERGSEENRTEH, ARXONGE. H{8u Ay EABITE,
EEFAABMMEEESEERN, ERX SHARAEL REESHRANLY
KAEHNHHEA. MR UGRNESITERN[25,39], MEEF—WBREH
AMHRFE, GRETEZEHEAT, 273 B E—REH EW RS,
(T, +273)" = (50.3372 + 113557, )< 10° {5.15]
ST 7T VR e DR 4 Dk 9 9 RO S B SR S
Par = £,0,(1 = rYE|(T, +273)"]
= £,0, (-7, )[50.3372 + L.1355E(T, )] 10°
=g o, (1—r 503372+ L1355E(T,)
+1.1355E( 4, Yeas(l 5¢ — 225)]x 10" (5.16)
AT e BRATHZ@ RS RAE, RHE - R 0.03. [[THSIAIAS
BEEMSEEEO T A SENHESE TS,
S C=ga(l-r), MATBEEHE{EEBEMBET S ETERY,
o2 = (00 -7,)"]
- Eo? 20,3, +oL)
=C2E[(T, +273]-82 (5.17)
[T B S 3R A T S (0 20 [25, 39], of AR e SR E W (1, + 273 MR- 1RiE
HEmMAN:
' (T, +273)° = (12.3516 +1.5714617, )% 10" {S.18)
#3508 AR GA AN (517, #EAR .

52.3 KRS AFENREIIENEZISE
5.2.3.% KALSEHAESTEASSME
KHMAREOFEER. FAMFR &80, AARERERKESNR4HE
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8. ATESAIEUIE FERLENTZ08OE, EXEHERERKR
BRABAFAEUETAY BN R

A K T Y R R M K RUIE KR A 3R L B A K T RS A R B R
Ao WERBEEEACIESNET,  EANKEAIENDSBERRARMNEN
Bk, ARG AN B RTSRE. REMDEERTRNELSTRAN
A, HOGREE —ANPNECK D REFRENERNY I TRERTHKE
WAaLl. EEWHETFHRAMA 2mfe. KEEHIHFUED 31 THEHKER
FEARICOPa(FEFEER 192/kg 'FUVMNAMAKE FHRKEHHAER,
HHEERMESIHAF. TUAE, KAGBARESAS2BEX EREEXE,
RURRSBHRBATUANTHUEXRAEDETEE:

@, = 32.956T —432.47 (5.19)
850
X - L]
= 32956% — 42347
750 X
g 0 4 R =0.9972
E 6 1
™ &0 |
& i
o 350
S50
450
404

H

26 k-] 1B

30 iz
ACHE (0
Bs1 FRAETHXELSEAR

9.2.3.2 KERERMMHE

REABSARBRELUE, FREN SN NS p 0w A,
BEUERDTHRELA:

dr()=| - & piy, AL O+ ATy 1 Aa”}mmwﬂm (5.20)
pre ove

AP A ABRGERABEAHREVENPHEY, AWUERN. 4.
a=AkjpVe, B=(4b+Q, + AD, + AT, ) pVe, FREELN,

dT(t) ={—al'(t) + Bt + wIW (1) (5.21)
WAL FREER. RN TR TAEI IR AR
£ RWEEEDPE Ty EEENEREN R, AR B AW KEMGEER
MWiFAaA. Bit, EEASIEMAFEPROCEHILIA, fEESETE
FYERT, FEMEIRGLE T ESHNIE.

HIGc 12813 BT5ER, FEARTIREAHLBETHUTHA T &5
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Hh ek a3 A AT ETTR f Las R R TR

F{)=e™" *c?[r(;u} + j U AT + L ?e"[""?:'a’jfﬂ,{r}} (5.22
E[T{r’}]=e'““"“'[?’,:, | ]‘e““"fﬂ Airidr 1 J';e“f“‘"‘dﬁ[wﬂ (r}]:|

_ e_a(;_;u].[Tﬂ + J‘ e“{f_lﬂjﬁ(f)tfr] {5.23)

s F 5 0) o BT 503 ST 0B BT 4 AL G T AR, 949 — A — B0 By
3, EEDREFAR (5.2 %0 FARNESE. FE b, KAEH
WK BRI . K TSR SR ST IR F BRI I, K
R B 0 2 (5.20) B BIALIR AT B 4 7 RO AR, RABHA 44
41 1 00 P — P98 i B R B A AR I

5.2.3.3 KkKBHRMHKE

REX (522, (523 ULE wunB{E AETHRL, TLAEKMALRR X
A
olro)= e~ Erol
2
= E{\-T(ID}E aff t} ~Tye ik ) +}€_a“_‘”}fé‘a“_wa’ﬂ’,,:,(r}] }

- Uge-hifﬁfu:' + FEE_IWE{[I eafdjfr’ﬂ(f}]z} (5.24)
e B Y BB o BT [, 1] L4l A — 50 81 tom e 1y e
W=t A4, =max(zy — 741 ) R EEFEA RS HE I, 4.

fiomal}

= E!I szgzuu '[H’ ()~ Wiz, :|:|1
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R® L=l

3,—+0
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Lim'y e [Wo(r, ) - Wy (Tk—l}}} J

A=
k=1 s=l
A0y, i
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HEFhwL

+iimE ie“’*--e“"ﬂ o, )~ W, () ]> [Wu(rj)— Wolr |} (5.25)

A=l .
k=1, /=1
4,0 Ly s

FRAMEBERERTSAREFRYTHEB. b 4sdfE MiinkBgass, |
Wolr, )= Wo(ri ) 55 Wolr, 3 - Wo(r, ) M 031 %), o[ 1B 5.

B e Bl - Wolr ) I e )= Tote, D= €5 B ) ot )

x EWo(z; = Wyiz, )f=0  (5.26)
R R B RE AR, TER,

E[WQ{T;.]_WQ(T} |}]2}=Tk —Tr {52?}

e bi A BB .

D[T{:‘)] = ﬂ'ﬂle_h“_'“} +yle % Lim ZEM“" {Ty =Toy)
L)

A =l

= a‘ée_mc'_‘”} +yle rez‘”d r
0

2
_ ﬂ_ﬂIE—Ea[r -in} +‘;T‘.[] —E_M“_'r"]] {5‘23}

R, KIBERFENTHASEESX, TUARTEIASEHTHEL
BHAE.
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REAKFRHAE. WAERLANZBAERAE 8:00~18:00, XBNF P KL SHELE
HEEBREFRR, DRARERERERRAAH, HAKB) REELER, B4
EMFAKERAMES 4, ST TERAR TP HEAR. TEAHETARL
BREFRE—REKBEELABISLL.

KR EEHI AT E 4.7 TR, KEMNWEGSEN 2930, WHEEE
A03T. BEEFIOKRFER KB R AFTIEE, FREROEEZ L, HE
B EHHANKT. BEHRMAY 2mds. K EEHSRY 31T, FHLE
WA EANR I000Pa(FHE|E 19g/ke) . VIEAG5.19), HEG20)FFH L
S5 H 0.032 956 3 0.432 47,

R 7T HERBHMB T 2045 % 4:00 4 18:00. L 8:00 H42 i H],
BREFAREEAEE . AN -ESAFEs D it S AR ER et E
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o, Mo, ERRSEMEARS, RALGRHUTHELETAS/ B, AGHET
FIMAF AR LR WORGEE . HENN 7 HH 25N M, o
H WOR8E 4 1.9 1075 TY /5.

Fj T 2 25 5 0 o b B LB A T L SR O TR 3 3T P KGR BB O 2R AT
THE, H52FRHTEN KESEMEELZ, ARMARSEZF ERTER
FRES ., KSEdENEMISHENAHARGER FAKRE, KEEER2EH
JHEMAER, A 293CTHRE 32C.EER G2 THE- M U EHEARE,
HYMEEHENERNSUERMEE R, FHYNTE WO T, KRR

il ik R
M 2.7
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BE R, KEBT BCHARLHE 2% BERFHLAHSHENER
HAREE .

BEEEAASHEHOMEBEN 293C. HTE KHEATRENAN
FRAFYS, MBASAFNEREEEM EREEH 36T, REERAAKIE
FW 2%, A KMEAFEEREHEEER. MRERRERANAL COP,
MR AEN EBREKE 33C, UEROAMIEFSHEA 10.1%, ARKEHT
2% ARITR, EREXRNRAAFTAEMIR T, dEBFEERRE
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i E AT E. AP ER S, WREKMEEA LR YA RIE R R
1% (R B EL 98%) . WAKEEDMEREN 33.83T. TR, ERFRIEE
MEAMHE, AMREEHAXERIBAOHENE N, IS8T HFLER
BELRNAREEHS TR THRESEMNBEBENE FIE.

5.3 AMRHKEELERE

HARBFAP, AXBEGENTFREBAFZRES TERANK, KRN
FREf, fEWE BRI, MEERGATHES. 2R, BHXKFSHRKEE
GREEW. B, LAEEEAKR THAKEMERN, LRSS “HBE5R". T
BIE KRR ZAT, 402 FRINE o 7K 8 T8 ACGHE A & w .

BAKER LSRRG AG AN . PSS T . KRG AET—
EMYHHE, HTHREZAAEZBANFEE, T22ATFH0EH, Bit
BWHARBESR. B TENHAAE, BMRANRBEHE —HRhk-o ¥
WY, SEEETEN - MR TR k- R R,
(B B 08 R Ay B AT R B UM U R W X R R, 6
B HMRRAR L. EFXAMEEUN, REFHARERESHE, IESRLE
M EUNHEAT S, B, ¥ANFZOREAS - LER—H
STIEE, FHR A BRI ALR MR RRE,

5.3.1 EMREEHFREEHFREFHEE

BT ORAKRRAKETE, NRTELET&OESISRNFRE.
HTHASTHEEZ MGEE SR, 8RN, BRTHES &
BETCEEMHEE. IR THENSBTEBEXREERENIER, F4H
AAZMAENTHACEZ IHRBHEET T REMNAR. T B RENT
ES B X E Cornell X% DeFrees XA FLRSHTR. EXHNEN KR ITH
B, FRTHEASTRGE CORMIX, XM AILERSH. SIEIHTNER
TFRAFH A, Xl CORMDD MEERAX M REERH
B4, CORMIX3 %F2 ik K S8 3 (O PO 30 D7) 09 40 7 70000 S el i —
S A TR G PR K A 10 RS A CORMIX3 ¥ 8 kK B R
e PR LRI SEEE (HR P LB A RKRZ E) BT
MG ERMROFRFALIEAEEEENEE,

B AL A B A B I I AR R AT TR B AMAKI R 29.5°C, HEK
REH373T, HAKEBETIC, HAR1320m*h,. BS3IMTHIRRAHEATR
HNIRBENRBEER. S8R . AR KRS, EEMLSEAH LB LT
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BRANTHELZENRBRENEERE. REMTEKEET, NENER
AR E M, RREEGASER. EFhRAKERREREEZUN,. B
BAHBREEFFEHEETE, HEKBEASHTEX, THER. $TX
—S RS, KB ERETHAKET MG EET THER. EXKEHES
78T, HAKBHR 1320 m’h, BiE N 680 mm. | 5.5 HAKEBEETRT, BHBK
BA2ESTMIISTHIKEEMRESN. TUEH, MEAKBREAE, &
—ERHANTERKBLESACHBREE LY, AR AR KESBBAX
= IR o

5.3.2 BMRMFATHREDER

RHKEAKEMAHR TN, RORHREHAFHE LS, BFH RS
W7, HBEATHEHMEFL AN FRREE M. AR RE Y
MPERATEERX, FREFEHRFN.

i

Fﬂ' = {g'.&]m (529}
g = ﬂ;—_'ﬂg (5.30)

LAFH A REANEE, o AAERKNEE, oS8 RNOER, F ol
WHER, « AKFHAE.
HEMREFERE LU REERMEHT HVNELDBENSIERE Ly &
PR
%=£%=J£ (5.31)
M,
Mt 4G
N (gGe)
M Gos Aoy Mo R, 3R AEMRE . RIBHTEMER. BRI EHBHES
Ao Box RN, Feesl. MEREE
S, HRZNEZE, ERMYNE
MEBRABREREEBE. 93 BEHHE
—F, BHRAREERRESR. B
WELSGHMBAGREGE, Fu s
B E S B RN A R EA
R, SHMEAMER, HE Ay
R, BERTWME, SHREdHEAED
ERE. BEKE L, ERABRANER B 56 MR TORE TN

(5.32)
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Hh K 0 A R AR AT Rt LB LA I 5T

TREMNFN RSB IE M EE. Ly 15 KA “Jet-to-Plume Length
Scale”!"™ ), YAFEHEFE. WTFHBHW, HREREAAEATREHEN
T, G2 5HEYT, MASFR. YU LG, TEELRRL
MM EER Ly RN FME A s, BR Y THKENEDREERE
HEA Lyt g BIEe RS H B,
SR REEMHEREHEKKERALNEE, EXRREFEBENRER
B AR S E, BRI L b g S HRE R R LR M B T I
i i) AR -
Fo = Polipedy {5.33)
A 8, AH RS FKMIRE, Gy MK E(mim), oo A B89 E PE (kg/m ™).
Y MATGRRED A, BEREMER KT TN MG,
FARERDFWE, EEFfsBihes, B0 THS SEN SRR
AEER—BTRLETAE, FTHMKEHRENRRTHEBT HAMRE.,
B FHAEERSN Ly MR REER b Y R RTEES
R e B (] o Ao
by
" sin #
ot () g3 HE K B RSB B . Holley R0 Jirka 2% 6 (I EB 0.1 Rf5
WP DB FRE o MRS ba A B,

(5.34)

0.045(Ly, — )72 )
<y :[14' ———Ll‘})———'yzn—] (515}
I el
Pai = bty (5.36)

R Lo ARBERKE. HEMEAEREN D DHRE FTEEr, LEHR
mﬁ&qmﬂﬁﬂfwiﬁ"tm*ﬁﬁlu ﬁﬂ%mﬁﬂgtmﬂﬁluur ﬁ-

Ly =3.2x 2, {5.37)
S oh (7 ho F O PR T o O R K IR, TFHRRE R ba BT AT AR,
I:2
f’ﬁ[")=[m+bﬁf} (5.38)
i

FH %, SRR 0E A OB R Ly SR AT R, IR Ly AR B L Tt H & x
MBS, A HEFTE—RER LR EE BHERRYT yH EM A
W £, ABMTEER. RAMKHSEMERLEL. RETRY, WK
A RAELY, REFsNBERNY . MAARB @MW RRRE
HEAR, e HdH.
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5.3.3 THEIVHAEEAE

MTRRBENAME, SRRENERHEER D, TLUAR, Bin b
EaAHas, MKW ARSWRE,. BED Lyt hENEEERIE
AHELRARTA FTEIRTHB R SO R, AT ERE RS HERL,
ARTHEBRY BHFTRAFTHIM. Bk, TR & uT k.

(L —&BE&ET, #BETRTART &, BRERTATURHERE
A, BRY AT . BEEA REBERABRNEN.

(20 BERARABTEEFRAX, BRI EE.

(3) HFMRHFESMRMAKEURREALE  S&, BEEEREN
M EXRETH=EG, AHBREPHRKEMEEFHRE.

(4 FFEAR R A E N,

Ll BB MEME, P MR E

an o @n K8

===k - (5.19)
& Tt 1000pcH

&y Moo B R HAEHE, W MR KK, (5390 HE .
1000 pcH
a8 o*e
u_-=E, Yl ~ M8 (5.40)

Reb, PR KER EEAKSRBRWTKZ R GERE), « 0P
(mfs), HHZAKERETAKRE(m) p 58 KNS E(Egm).

5.3.4 BRTEAHAREPELES AT UNBINE

— TR EUK Ay AR O T T IR 2 A 4 80k P AR A R S
BTN, A AR B E SRR R AT, TR
A 28 300 7 R 0 ALK A 5 5 2 B R A

5 3.4.1 ZHRBHEHIER

A

ZRWE ST HRRERSTEER. SAEE ¥
FEAL, RENENSEINS, WEES L /ffﬁﬁ%
KEHE, o HFERMNSERT IAK, B ) o

u o Col
RS FBET. A THI S FRHORESE, — \\HHHH

KRR — BN, AT AN T RAT B, LoD

BEER, RESMRERER, TUEIUT R

H—8HE: B 571 #9%KheEdsiR
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M feak i 48 B BT IS T SR TR R ¥

u£=—ﬂf§ (5.41]
dx
L LR TR
*
8=4, cx]{—&J (5.42)
/]

LR BRI G SRS AT P EAGR . RN, F 3 A BT R B i B
BRI RE ¢ A
My
qx =f:'[] EXP[—TJ {543}
MR —BTEAR SR ARNANERTRE. ETE 57T A= (543171
B a7 DA SRy T 5 T i 2 R

Aix, )} =0 {5,44)
8o,y) =0 {5.45}
f peuHB(x, y)dy = %ﬂcxp[— %} (5.46)

Eb i H R x A8 TR AR
A GADFEN R ERY TR, HE 6N EREETEE x Myt i
:!Efﬁ'l E”.

8,(5.3) = e )= [e70(x, y)atx (5.47)
MR RS R T ERNR (545, JRERN(G40ERA:
“Tz‘i’* Mg ag (5.48)
dy E,
-3k (5.48) AR F AN -
poMrm_, (5.49)
EJ’
HAFER H .
M +us
hr== - (5.50)
NEi e
f, = Ae™ + Be™? {5.51)

HE(5.48) T4, 86,085, @A G50 THRSFER ReRRAE, FFEAL
FRA4:

8, = Be™ (5.52)
AR (5.52) AL B 7T 18
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fﬂf_{s,y}dy B {5.53)
A
R (SAG) PR fER i EHR, H.
L[ [ Mf?f?(x,ﬂdy] = [ peuliL[oG, ) ly = pesd [0, (s, vy
=q—”L[exp[—E]]=q—“fe{ﬁ%}x:ﬁzﬁ[ﬁﬂj_l {5.54)
p 2

) 2 N

e (5.53). M55, BREHEAL A, f{FH.

-1 -1
BZ——Aﬁ_ﬂ[S'FE] :# 3+£ {555:'
2pcul u oo J‘H{E}, u

¥Ai. BAAAT(5.52), AT83,

-1
_ dy M M iy
EL[EJ)__-__;JGEM[1|I£+ u} EX]][ yu|| 0 J (5.56)

¥

G556 TR ERFNE R, THREISE S,

H[x.-.y}— 4":Ewt: p{ ] ;:{ n; I] (5.57)

5.3.4.2 EERNREFHTMHIER

B IEHRERYETHEE, THITEEE
PAMLRBEETEGCANBRIE. WEFERE
EREREHLHFH RGEAN, 7L HBRGE R CLLLLLELLLL Ll
HidfFRy.

BRI * 8-V

B
—WHERKAEHEEGIERNERR LT REN o o EERH
by
Tt et B SR i B Bt ) R 102501810 SR, M MO O AR 77"77777,1'7;7777
T8 R W B 5.8 BT %, A1 5B 6 A0 6 3 (0, o) IBAERT » -

WE|AB. AHERRT ETAATRAVEL TR B58 s RER

THRERUAE, KEFLSERAENBERE, KESNH y=—, A
y=2B-yy. HERIENEE, SHARANLHFEHEEBRNENIENSHTHIH
BP bR RTR . AL, y=-yMEMEUET LR LNSEE RN, TEA
y=28+y, M B EERFERIEN, MR, TRE y=-2B-y. y=dB+y,
FHRE—RFINEUE. AR, AT y=2B~-y, M ERFEHERE y=-28+y,;.
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b 44 B R A R L s AR 3T

y=A48-y . y=A8+y - Fihw— BANEREE. BE LB E AW
YR R

SIS A R R, &S s G AE AR ()
vl (il e P

'lfli:1r E{F f

e i L

wy-2nB+ yu}z |
4E,x

SN A, REEFE AT, #8
5. 3.5 ERRIESKA

KT BHACRY WA -BREATER. T LT &AM THAR
AR EHETED, FHUNERETHI.

SR ) TR AR A T K .
THATHAMURDRRH T AAEAMNT. £ 19%E2H 902 310
A, AR SR ESRE, A FErm B AT, K TRR U AR
BESR AT 7 R0 IR A 1% 0 B T 3 P A I R B 29 450m, FHIRE
0.32m/s. EEHKRBEFESR s.02mYs, (NEHEENR 2m/s. HEAGRE R 10T,
TEHAMYREN 7.7n'% s, WLIFEEH 3 5mfs, HEARKBER 12C; £#FHWA
Bl ACK 20 9.8°C, S 4 RIS E, SAMWEHOTD LA 45 4. %0
REEMESE AR S2WESS, EPHEE o 139-1401,

B(x, ) =

15 e

wly - 2n8 - vy Y
4Ej,x

p[ (5.58)

1—2 WL R R EE L

F£52 EMABMEHEN
Hi B ' A | WEB | WHEcC | HED
o A O ERm) 300 360 540 T
# E BB T # AL O B B (m) 140 200 180 630
T 17K 3 (m) 3.6 3.2 5.4 i6
BT SER s 03812 | 02353 | 0.5693 | 0.617
%= 5. 3 S EED U A 6 HE Ak R R A e BE R (m)
T LN £, i) = W4 WS
A 42 6d 932 109 —
B |4 42 66 84 102
C 18 46 78 104 124
D 24 52 T l 97 127

-0 -



B

3 3
a5 25
¥ 1 E 2r
- =
1+ ;
] 1.5 ﬁlﬁ
ﬁ 1 | e ]
03 0.5
] o
] 2 . 3 4 1 2 3 e 4 5
(a) WPE A by EFEB
1.5 L5
E —— S AME E —a— I
4}; &
H

fa
L
=
im

(c) BTHEC idy EimD
BHEe BEAIRREMNINESTNEGITLLE
HAMBE A, B, C. D A HEmAZTEMBRANREE. £HHE, BN
TH ARG R TSN mEENT A, EEM T W LSS S
FAKEFEE T REERAOFAKE. LHEMNTHEEXONSTIKE Ly 3%
21.7m A 3im, FWELMAKEST ERATHE S ABREEZLEERAMED.
FHMARK KBS 262 Wm0y, BRAFCRUMNEAERTEEERE
EARKR G4, H L RERAT AR, SRR EXd139-140], B 5.9(a) ~
(D ARADEM AL WA FERE £BE TS HEAEE.
RS REL: @ B EFMANTRESSWERINS. BEHLTHNA
RS A RERERTEEXR, RRANFENEEAMEERESHS, #
HRHE W R-FEAGFE T HEE FHKE. sk b, BBk mage
ERRES, REOKRTTES %, M FERRKBEG— . 9N 8 e 4
BimLAMEFZERKR, fEEX %, AR, REMA. M
HME, Wl B MWESKERD, BREEEREE]). i B EERAWT
FEHLAEDSHLLEST.
EHE C ERWES | FEE D FETE 2834, F3EIEEE X o 24
T~029C. HEEF, TRAEAHTmM: — B RIHENR: ZRESAME

-9 -



A AT & BB NLE AT 4y 1 SR T 5T

b A iR W R AT R IR T P R R, R E R ST R A — s,

i bTE, R AEMERE I ERHM T RKR SR, B AL LR
REMTH. XRIMEH- EMERE. T —MIRAERGS, HHBERE
fiEbE A A BT AA SRR R SR PR EER, SN RERE-
LA, AT,

5.4 g

G2 Tl i ALK DR — 6, M0 0K I 0 1 R AR S R o e )
A RO AR M AT IS T LU i R KA A F el el L A AR XA
RESHABBANATRERR LEQ. ATHFREIETHERLZHERT
it ] G kR 2 4 el B R S i

AE SRR TR AKNRNTE. #d 7 BEAE” S, AIRT
MR A A RERA A M AR KENE. R T 2FHRKEREANE,
MEKFEARFERRM S AR ERTSRAAFREEN. AE+AE2TRL
RETAMFEHENRRTKEEY ELERM ERE TEFHEKABARN
A8 2l '

oo R R WEBITRN RS AR B RN
B, TEREENEENERCEAARRAARMNEY - TEE IR LZH
AHALRAESAFRRURZMRNOES SRBEOTETRE— B
PoTH, ERELTHMBRAEKEEXMEIREY, FHU THELRD THE
RARMBFITTHERE R, b — A EpRT T EaH, HAEREUT
RAN AR AE I E .

BT —AMBGERERL-HPNEE, REAT L RO ERE
W, KBEAMABTRMBERE. ATRETERYUMBIR, FREZREME
SRR TR K T T T AR A R AT T I, S WME RET TR X
RS R G EM T KB, TLBEBLSTNERLMITH. K
MR HEL KRR ISR H R R PR K.




1 Lt o

F6E ARMRKEARSLIRESTEREZIEH

MAETEHREGEETLUEH . KENHSLEEESENTRREARARE
FafemmzaiEr. Bit, LR EMEERENZTREATTHER
FIEX . EEEDT —#K-KHEHE (water-to-water heat pump unit) i T &
TARBUFRBEATEN AENEG AR, XSS ER TR RIS
HIKF

6.1 IR E=SAS

6.1.1 EERNE=RAHNKREFESFZE

EFBALCTIERY, AABEEs M EEMTE, —FAXIRIARH
FAESZETRAFHLEHLILE . 540, BHHEEEER LE- R4, 14
MAEHE=mA. B, AAVAERXRELHRAL TR IHETRE. X
RO I FEARERATARKIEAFAMARETFTRRETREHT T RE, ©
HERWME 6.1 M. KB+ S0%H 6075 2R R H 52 SR e 32.8%.

F 61 BAHEETE R TR @8 Lo (%)
T
ﬁggﬁ O-10 | 11-20 | 21=-30 J1-40 | 41-30 | 5160 | 6170 | 7180 [ 81-9¢ | 91-100
B [ !
0.23 1.5 14.4 276 0 215 13.6 o1 .7 23 1.1
HH |

EMTRE T RRLTEANRTHE AT AN R FREXER
RE MG R R, R ASEH, AE M kANERTER
#e HERHRBO, LREFSERHM, K- KERIEMNKERERB L KER
MEEE. MRWARLSHBRER, 2EKRETRS, RERE ST
LHERERFHAERBEEEMAREEN “AK", FEENBHGKELEES
BERUCL WRBEEERABK, SHEMTEESEFR. T RIENLARL I HiE
T, B ARBENKBERERE. ZERINKE-BITHEBE. W52 —
HERE, #RBUNAXEE L $HRNEREEAMTRAETHRL. X
RERUMERFEAEBEANBRLEAEHE M BRNTRBETHNAR
EHEE. e EXRMEAEREZTHAHA, KRBT REE
TR —BRERELEZEWE, F AT,

-0



Yo AT E R ERIETHL S ET LT

HTwbErEREE,. HumEfARmma. om143-144190
ABHHKEREEATHRIRERTROELER, Tk [145-1461 0 7 #%
HASREN S AYANBEAENMILEX, E0TERIEAL, nliBARK,
AAHMARBRBEATHAMTR, FREXH. FE1A45: ZHEEHAL EHP
W, FTEABLTEMTES —BE R RaREsblrng TREMNSFR
g

Hil, #ENERBETNSY FAEXHEHRESZHEYL 2HM
i b BRI I of L R R R b, (BTE e TR I T R A EE
FHBE: $—, WHEX—FANST, ANE HHAZESREFENEL
b, MHAETRARERENFEIMUR4CELR, RBNEERFS S
W RAREZ AR EER, NEEEEG T EA, Fa 2B,
ARAESEEMEE: B, wHETKERK, HEFNAREESES
MW RMIRE, HYERE. SERTEY, BEFHHERAEERERERES
T, BRBEENSHIRREEE. 2=, Syt TRAEHAT, ES8x
BB AR AT

R 1481 Y A e K BT PR A 3 A R R S R LA i v e
WA, EAEAIRERBIEAHABERARTENIFEER, THUHERERY
B EEHENHELESTHNHARE LR, BRETHRELHNAR, X
FEEAMKEAN AR FLREFESSE, R EGA—ENT
Atk. XERAELSPHEST, REUUEKEESE EREEZZARBE
2, 2B HATEDNRGE, NMEDERS, RERNBIFRTA E&2K.

AT RFABEARSEIENANKES, IALET BTG 48
GEREEMBN, SURETHR, ANBEHRERERL. T, L%
FR-HATERFOSEHINE, FHESERNANTNAMNTRERER.
FREMEHER ML, ENGLEIANDEEZH HLE.

6.1.2 RiAR#E %R

FHMBRERTE— BT RS SR AE R HE T B, R
MR H A, RERBREALESE L E T EENM TSR, SERET
Bt HTELREESHNE, EERAEMEENET, EiITRLHY
ERNCL BRNBNTH T EEEEARERET A ML AL LRRE
BB HE AL

J= i f’r N.()dr (6.1)
=1

HENRLEAFEERFRESRELFALH, BEETHETARE



i E A LA

THMmE. BTHWZHEREALTEENZAME, FEirtkbhofy &
AREEMNTH. EmAEO0ARMBRARPRABREER, THEBRYLR
FEA AR, A AR RRHEER AR, S0 SN RNERTE AR E.
MEXHEEROEFEE, 2T ARTHN —LEHEEE R ETHEREZH
— R ENBHRHERN, WEEBN TR SHEES SR HE
FHE. £AMEREGN BN TEER, WERCH, RFIARBEERS
BE.

HERSHELASFENAF LR2MsoFR, BAERATYHMANE
BUSL 20 E UG, AT ERERMTRESMNTE, THETHHNSE
MERNBI L, BERPE L EsaiasmigpmRgant, c5448
MBERBEHAEABIRNET, REESHENLNIFRIEA G FE
) MER TN RETERSE . XHENET RIS REH A
W, KEREESY. EFTHEAERSENS. HEHEMBMNEIREER.
MR —EMNRATAERFENEMNeE, LEFEFEMNER. SHREGER,
DEAERZEXTEIMBEAFEENIENER. —TAENEH RELR
AF L F =g ts,

1. SEEEMALEHIR

ARHBIEFENEMNENTHEZEREERBTMNAENS. HAROTHA
B ENTEESHIRTERANEANSY, HEHEEBEGE: BTl
MEMgEREEERAOTEEGBTE, HEFABRIRERL, ARKHNED,
FENARHUESEELGHERARBES. AL, AENSHENEH TSRS
MRS EMNFEETENFREL, WA TRES.

2. AR

MiESERE L. 2HETSTUREN SEATERATAZR
¥, FHEHERELHSEERNOTCHEREM.

3. HRERirayiET

BREGMIEENT YA ERFIANASLENTANRT . THEHSERT
FHELTFEINAEERFEAEL MR, WAFEE LT EER R
SRENRZENREGR, #LRMBEUTAEH 2R, A3 uEH X
REEMENEEDE.

EFBREESNEAZIENEMAEARE TN —F, EAHIRFGMA
THEREEY, EdEAREESHTEMNEE, HhdlEcEERRRM
I, B3 REPEA TR L AT GAEEE. FERESESHSTE
SEBHHS. HEEHNHEAEE, TENTSRRES Y I FLMEHRA.
EdRAEMNEAL RV ENTE, X EREZETE.

oy



AEABRE RNE T S 2 s

Tl S 7 £ AR LGSR A8 R K B e S R DTS K B SR T
— i o A R A £ 0 ST B N AR i B
R KMAMRBENIET RREERIEN, RREFSS, TLFEELE
MAESHNNENEE, FEELRAARMILANEAHE.

KPS RIREA ARSI, BB,
BARNERSHRYWARED . Bo1RH & g
REREH 0, E4 50T 515 R KE Y \h_#{;ﬁﬁﬁ
R HBE e T IME . EEWEIE AN /ﬁgﬁmmaﬁ
Ko B4 ER A, MATEEH R
BSOS M SR S — R ) B LA B

FrE, HOKEARS SRR RRRFETNT @, %
B SRR, AT RN BRSNS S EY P
PRAERAEE DM RS (AT ERE) £ i

ARTHRERESHES, 40 TR {w Pe
KNEwd, A ETHKENEAERA, 4RI BHs WESSHEINXE
G, TS B R T

L

6.2 I=di&Eal

MERWHRERFHUENTR, AEERTHA RGO HFELTHE
At R ah s R, i b, ERAREN CEETLRED, AR
MECEENERDS, #5820 BEAR, EPREXLENMEBRNTRE. T
B, HIERENNCARREEAKAR TN TRALER RMAMET LR, &
EXEMERAEASFALRTHRAETEN. TEKNEXETRREER, H
TRAMEBEERLITE.

6.2.1 TRBRRERRE

MEKEERTH, KEHNIASKEZEH R IREL. R,
Pl T T RokE SOUK, RKEMDETHETERKK 12.5%. 2~ pm iR
B, KERBEAFIAESEAHU LRSS, ETENEMEI &I R
MIFEHEME, EREGEREFT . NN A0E R 30 AR K RS
WEAENSNRKBREARTAASE, RESTETEYE H, HEHEBEREKAE
TN H =G RIELE &0 i, niEEMH =H, +iG*Fthk, HFEHK
M IEREBRA S HEGN TR R RS0 b, A M0
WA, FEE Hyrigm, TAZEREBEASLEAEEETPHTRARSIE

.



L DA

LR RE, HESE),, VTHENEAMIE.
AEMREEZTELMRFERE SR ESHMENE o £, KRENED
AEMN EHEK R ERN R E AT TN EEERETIRATHE
b ERTIRT, KERENMRE L ZREETHN TR EARMITOHE,
KEFRBRENBEELARNMGEHRIERRARTIZHNE FHTHLBREL. AT #
R ITHMAESHENHAUIE S, FEFEEENR TESMBEREE. ¥
Bl m MARNHERESHLBUEIRFBEIINE SN H=0+bG+cG* M
n=d+eG+ . METHRFENSATRNAERREN G HARENIHEAY
(Gy, Hy+#G7), BERL TR
Hu‘thg G2
N (6.2
H=g+bG+cG*
KEMHEHEN T SREGTRAFENTEAHEMN HES THEFANRERDR &
RRLHNAF, M AFERLU R INES TRANEE. HEL KRR
ARG HHE. Y THEMAKRNTEFEHRE, A LEANTEITREARRK
BETHAKENINE, BEHSRNTH ZXKE 0N

H =

N, =C +C,G+C6° (6.3)

6.2.2 IDhEHBIHTHEHLK

HERAHREDERERTHOIRILEN A
FIkE. DERETEFARRTREMESIFER
EHEHANE, NERELBERTHGHE, ¥

FrESTEENMPIIERE.
SFHEDREEE, (1521 DA
EREENATEN A B RS KBNS RE —
PRRFEHEHENHBRBREL: 6.2 igo—kE i AT
Ne _ew, (6.4)

APRCHFH. ¥TAKEEMBE, TRI22JEHNENEREELH A
RUENAPRRBBE Ny, HRETIRN N= araprap’ BZHRERD,
RREIESZWREHNNplEH S . XMIs2]EHUEREALFHFR
HEHEASE, TAFENNELRHNAMAKHFNRE, FEAANSG
AGH—RAHBHEYE, FETLH. ABHMNS TEEEF L
AR, BFEAOERERS, MAEET B EREH FEN TR,

ST



St ARG B E it S E i IR U

i

SHANERSERLEEREN SEmd s, &AL
=N /N, (6.5)
ﬁ*ﬁﬁh'isﬁﬁﬁﬂ":iﬁiﬁiﬁmﬁﬁﬁﬁﬁmfﬁé NG ESEAL PR,

ME 62 RN lgp-hrEATLUEH: RBEEEENINHSEST, EHHEE
AEFELEHANEE RS IFERE ST LTFE-SH8 . ARER,
ERERAETREYIRHES pp. HEMEETORERLUYM AT, BTl

{Tﬁ:;)r) o (6.6)
HHE Chp ABEEAHTLTLE A ARSI FE 008 103 F 08 B, E A
W ke s). T2, WLHH A LEWEE I EEHE TR

aN, _ i, Cy,

dp,  Nup.1nld

MAAKEOAREA BB EARARATh, BN SHSREENN &
Eh#it, KENELEAEEDZ WAL --FRERN R,

A (630, ?J(?élj]r‘ﬁﬁ'%f’%ﬁmi%}h-

(6.7)

z - —% = (20,G, +(q}a§ {€.8)
@Jf a{?ﬂ' Gpl: pl:‘
BHEPTAEARANBEETS AN ERAE LB ESPH S H
B, WRFHEEXHSEH, HEHEASENNENOAES THAARK
Mg, HEEPHFED
(g, Lo Tlein __ ey p 1) (6.9)
=1
=N
rf_.rmﬂf

FF VA SRR B R ooy 21 B0 0 R SR VLA KSR
oV R T < ARIE A (6.0) T LU 4 SR 8 0 1 AR TR R e R R

t.d
=z =4 —¢ Jexp —-—< (6.10}
o~ -l -2
LA
N, G 1— £ {6.11)
Q. =0, +{1- f,)N, = %G, - m{ cxrl[ :}H
AW Q HTEREAR, LANBHHARSEHHI AR M. SIA F(G)
oglpt, %
T
G.) =G| 1—expl ——~ (6.127
£6G.) [ x| M,H
O, +{1-F N, N
g{Pc ‘ﬂ:(fr__ fm,‘] (ﬁ.l.‘r}



Sl

RBF: AG=gf)., X fIGIR glPIaRIHRMTFH, aTLITE

¥_dG & (6.14)
a-pl: EGC ®€ @f
%G, _ (o ) (6.15)
ép, op. | aG.
"
e -0, 2
g _ O P 6.16)
&, peli, — 1, Y
@r 'rc_frmrr ] E(U-’!c} 'r:-_'rca'n
zl— ]——‘- .].
ﬂjc Ll P [ bk I:‘-}'G-c + L _ruhrf ]j| (ﬁ T)
TH, gl dgEsiZIPaiZ2RErESER0T.
8w, B,
E.Nm _ ’ﬁrchp .\ Eﬂr_“ ,f.;r }{Ie rcm} Qf 515,,
anuf HuPc In1Q ,,{I'{fr '-rcm]?-
‘ L S (6.18)
l_igﬂﬁwimmuﬂ{uﬂmﬂ
f':—.fcm, o 'aGf 'rc_fmnf

—RmE, MEHSAMGEL, ENRAHAT T, SIS AR EEE
P AR RN RIS R, (80 L8 70 6 5B F i B
Moo T 7 M LN HRENNELTEHOTNL, SHTLAEEEAEN
oA, EHERTTL BRI YBE AL N5 e & 5 IS TR ) B0 i
BEAHTE, Gln AR EFAEmIEHER (F S HE KL PH ST
E—m). B, ERAFTUMn ML AEM. X8, BSETHTSIEh
BHEEFRERT 7 1088, pe Gov Gov foins fooun fein T fonue 100 £, 8 O, B LU
MRAZNEEGTEY, XESUMNBNAMEFLR, ZP0 pe s toops fem
Flow MBTHABRASE. U4 HKE. HRB. SHEERSESMEET X,
BTHER, JUA)C, BEREREINIERFTRBNGY.

MTEEMAEFBEMNES, EXA“—NH—-FE" WHiNEE, 2HHEE
SHEZHMAKENBFRE,. HFrEHMAEREH.

6.3 HELSHPR

BEMNERRZEAR R FREMT SN E, AL RV THREMNT
BEHWRAERBEHEEHGXRE.



B fod el RAEIEAT 4t SR T A

6.3.1 m/ITHRFITABHER T

SNSRI R K R R RS R Y, R A BN
BB DG, G n G B e i e i m ARG BTEREORA R
WEME Y BT T m kWS, 5 7 KISR0 T U F Ry X
I 1 #8637

V() = 8,0, (0 + €2, (D) 4+ 6,0, ()4 £03) (6.19)
R ANERERE, B HNEE, 4T m RIORM K, B0 -5
TG R A

¥, -@.0. +¢, (6.20}
Hth,
¥ 8, p) @D - @) &(1)
M RO R %l oy - r,v?_:(l} @152} ‘”Ef”] m: s{:z)
I"{;n)_ g, () 2,020 - @00 elm)

HTREBSHEATHEE, WANKEEANEdFHRENSR&, W
mvn. IR RA TRERE S 0 F R . BN,
I = i&:{i}z =6y En {6.21)

i=|

MR G D HAE RV, TR J, BANSHME/ DDA AN:
6, =letw, ) @lY, (6.22)
S I EE

P, =(¢;¢m] (6.23)

PLR-AFE, EHERIGRTEESHN 8. FE o KRR LT
TH m+1 X, FH:

I

| . il _
P = (¢I+[‘;bm+:)_ = [m;dﬁm +¢’m+1¢’;+1 ’ = (Pmr] + ?’mﬂ’;ﬂ} (6.24)
Pyl = Paly = @i (6.25)
RAGH PR HEY, ATl —
T
P =P _M {6.26)

1+'§’:;—] Pm¢m+l
f i m+l WA EE ARG RN
'ém+l = *‘:m!'fﬁ::u F

mtl

- 100 -



HEEfe

M+l [{DE}.—H L lrm*l)

= I;t-f-l('luﬂ:lﬂ"m +§ﬂm+1rm+lj

= 'Pml(Pmilém _J;ﬂmltpiﬂém +¢:m+l an+]]

= ém + Pm+1¢m+l {Ym+] - w:ﬂ'émJ {6‘2 ?}
i Koo = PP s AR (6.26) I, (6.27) 7] LA B8R /b 2 50 A8 I A8 3 B3
I

=7

émﬂ = ém + Km+|. [Ir’m+l _‘?’Llém) {528}
¥l
m=—%ﬁﬂ—— (6.29)
1+ﬂ5ml1Pm¢Jm-l
'Fn'r+l Z'Pm _Km-flquﬂpm I:EE{”

FRAU L BEAGITEYSHY, ARERrEAREER., ERERIN
FROIMAEG, RN RN SR, & 63 RN LSBT

gm - HM—I-]

/

Fp —— Ky ——— £y

Bt HETNNIR
6.3.2 EMESMBIRNZEMEI

AR B EREN AR EEO ISR, R B R NHLE2
MU FEANEERRFES, ARLENEESTHERAH AT &%, &
WHEIAHRETH—22%, pERER SMREAZEESTERMN L4, XK
ﬁﬁﬁﬁﬁﬁﬁﬁ@ﬁ{ﬁlnwﬁ Time-Varying Parameter) . MR G T2 B
G BRATENEREEE, FEFNCAER TREENEBHERAER, X
EERBREHHTEN . HAZHURMMNATNELHNGERESREFFTHANAEZ
P EXRNEBERRARERESHELNLH TS M FRETE R E TN
Wil NHREHEFEPY,

38 Xk R 9 0 O O R B e S A B A TR BOMAR, M g o A,

%=iﬂ%m2 {6.31}

=1

REMANBREEF (<<}, EAIENMR P A T M98 =60 800 0 E
RETEZEEARE, IS TZHENETEENEEE.
EaEAESEEARY dUESHENTSEMNE D RS

ém” =ém +Km+1 (F 41 _'F;Hém] {632}

=10 -



b e g W R OUE Tt i SIS TR MEST

b .
Ky =27 {6.33)
2 e PmeH

1
Pl ’E(Pm _Kmt?’;nfm] (6.34)

LRSS F, (A=l 8, BEMAES TR, WS ATORLA
—FHEsHRRat. ARERDS, BEEHERM,, FEEFERNERR
o BE. AAD TSI AU RIRE, BESESTRIRE . AR T MRIE
HAaMEN R aEdbde, 28FEHMREENR, BHEMRESR. B
HRT . 2=0.95—0.999 this &%,

EBRHBRHEEN, HASMEMEGN Py A FAMENERE. —REAEH
jj.{:‘i{””:

(1) %l 2 MMM ED, EREFRERASRERLSH P REFEX
REMEETE. R Hs FEfeE U TFHE: -RREATEN R rHE; =
EEEREALEFRESEE THERF.

(20 ANEMhjEsesmfi. —8Weé, =0. Pa’l, KPouWF G AMIH, &
SRR LS, TUBAMENSEMEATE. ETENAT. B
Al LU R AT A S 00 Rk 5 A Wk, e — P ndE. HEDIBE.

6.3.3 AHBSHEMELEBN

RHA I E N EREEN, FERY UL/ 66, KRB EET
BEELRFRREOTE, B4 INTETBNERSERNSEZEEHHN,
BAEMEHEFTE. $RBALEARSETARMEBNESY, (AR WE
BET RS E T E Rk

BEHEEMAEYUABNRSE, SamESAARESKENXAER,
EENH P FEMBLSEANESHRNAKERESERFRH. £HNY .
Gev Fom T boe T, P Y AR HLAG H ST M B AR BE.

I~
Ud, = G, 1'{': o ] (6.35)
C eoHl

HTEEGENTEE, ZRYEBLSTINME, B UL U THERERT.
[a, ] =8,G.° +6, (6.36)
D m RN RN T m UK, T8 RHEMER. &
v = g o =G ™ . W m BRI 83 7T B AL (6.20) Y B -AE T
BARTE, TFMY,. O, @ H, 55K

- 102 -




1o o e

Yty o) 1 g{1)

¥, }r{EZ) g - |r|5|'|i| o - '.3}'[.1) l c = E(.E}
: | &, P P

¥{m) g{m) | e(m)_

EHAN RN EF AR TS UG AT, K6 ®E e F 25T i
WHERETUR S XWEARNRSCANSRGET RSN, . ARG HS
SHEMLFREN HERAMKRE, HTRE TR S RERAS KR EK
BATM KBRS

o4, ) _ 0.86,G4E,G:% +6,)° (6.37)

[

6.4 EHRGHIEM

AVENMBENZERTIEEIWE 64 FHRIMBHRAERLI. HEHE
SR MARAA. A ESBFHE. DESE I ERAE 5 E e
ek, RESEREATRISHABRAUENSY, dFHORHEHR, A5
M L — A A ) 38 ke Thoa v IR .

ON,;
ap.
" P _"Q__’ PiD e TR —m KR kg
+ [
i P
WP P OARER L i A
[ e - TEmemms=ss=s=
Pe

B8 |
win [ i BN

64 HEBDHERGHEEY
HER— RN L At e B SEMOAEGRRERANTERF
HEEEFAMN SR AR EAMNBYERS, PEEMRTAMNA TR A
TFTRBH:
ﬂ=—}{[%] (6.38)
N sl ap,
AP H LN PSR ENRARE. L0 DEERIIEHNBREERRAME, ¥
CEMBETEAEY, RASTEAKEYARE AR, BESEEH. Wi

=103-



Hak R R ELE TR IR TRV

HU BTG, RN RN AE, S WA KRR AKE,
BIEARIED.

ARFEHAT, B TEIEEERE DAL ARG EERYRIL R §5
TR B R F R (PN . R RS W R LR R N,
B 6.5 i, BAb, AT BB E R M E A AT RRAFEMEAY, £FN0
TR E—f “AEMER". MRELGINEHNATREELI IBRTRHA,
WEMEYEND LR TRE, DREFRAT CAHER" WTRAE
PR, W RIS MR D R G5 S, Wi PID KSR HTE
qis, HEETKREHRE, SEAERAES.

ACIR o TH R A M
BB RAR. HESELT dp,
AR NS ET— e R : A o

bR
BbE A SR, HE '_“\\\\ -
) o 4 1 B B — 0k K N

B, AT BARERADNE T R Iy
T T B i 4 5 9 A T B \\\x__
B, AR BT R KB R R 0
— ¥, BR4E— L) B R AT A
ABEUREWRER, GR1H  Bes AEEACTEMESAR
HiJR 7 100s—2005 J . RN R RSB R ATRED, wucs R P&
PR 120s—240s, EERIEAFITREBEK -2k, 550, S L OIS
MAREERAREA, AUFRODFBEREYRVRORET, HHHTF
AR T AT 34 5 P I 55 46 A B IR B ST A T ST R KR B M)
THE, HESHHEEEMHAT, RRLABKLL. ThEBERENLW
AR, Ao RGO RRR, ™ T H AW .

6.5 FRXEERAGRTW

BHRARFETEEEERT AR S HAMER S TR ER R
KOS RH R TR TURIT. IR EHRERTHALRIEFREERTRR
g, WK, RHUMEMNASHTHN. SHUREFRMAEYY. TH
EEREHNSMA-AARIAR R DR ILAEH AR ERARETHRETR.
6.5.1 (HREBEE

ABHREZTHES, »ESNELARRARAFRTUIHNE, CH



i L

E AN K B F R RRGSEE SRR B R MBS RN RE,

HREEERWA 6.9 m. RIERE, B RE ST TR AT W
REFGEFASHEEARD. MEBRZES R, SIANEEREHNARSE
FTERFAFEMHE, HEEEHETER.

(Isr'n —lel ] - {'re'clui' - I-EE }

LH# I 3 = pCGE(f#m -frm!] (6.39)

reu‘i'r_'re'l
]n\,'teur-l! —iz J
AAFE VA ABEN BN ESRRE, o M 30 AAARBONLOHESR
ﬁﬁi fcinfﬁ]fuaur ﬁ@]%ﬁﬁﬁﬂﬂi&ﬂcﬂﬁﬁ(ﬁﬁu
BABNARBNEEARU S AKENSINERBEX. HTEABT
AEFBERTARES, LBEHRRETHL FRrsss oS igl®

1 -1

HRE-ERAMEQE, HEsm AL R,
1 -1
Lid, ={CTG;°'*+CEQ§ +r:g} {6.41)

LLEAERREHTELHUSNZIRAER, RPN AN EHRY.
APEGANE BIRBRTAKURER A RABHARRNBTR: FoER
B Tl 30U o 7 5 B Py 9 O R R R E R R PO L AT O T U B B B B4R 0L
FRCETR W, S AR R AN R A AL PR R S 181,

HHYSHEEREE, RERG6360 TR Me, HHEMANSHET
ERARGI7), EHMH LB ARRRTAEMRI S, AT HEDRER,

EURIRLET, FETEARAIRTHESGAS R, DR SOSH
F. U T AT EERLEA RIS,

k1
k I
wa:_ i Vo Py —= ~1
ﬁ—lpr m[[?m]

AP v NRASBHEEEE k), pfpinst B0 B R 71 E R L% SR
Ji(MPa) . S FSEmeaiil, RI2MEH1.16.

6.0.2 HRBSKMBE

EWHHHEE P, BRE, $HREFRAREHAANKEREES RO
—CHARENRY. EAREHMRGAOEXEE, FARI _ROAMER

[0
K_
s

(6.42}

-105 -



o e AL BB R AT T IR AT

o BB & A S EGIT T M.

B -AK A E AL R AT, R RIS LA T KR
BEAAFFAM, R BEUFR2N A, PUAMFERENERSES AR
BHHTRAELS, AUBAMAMEBAY. AIANRSESRBRLEANEE
REAFREIIERTHSEME, U4, GROMBLSMFERW/CT. m*/hfl
W, ERAECIHE,

F#6.2 MEMNEMET S
— | wi femfTeon | frinftea ¢ Pez G: G,
| # & (kw) (¢ () (¢ | (C) | {m%m} | (mPm}
# | a2 311436 12/7 10 2 72.4 58.8
) 5 434 40.8/45.8 | 127 50 2 74.6 S8.8
F}6.3 ERBPASEEMNENE
4 (s Ce ¢ G o
74199 | 59547 | 43007 1.413 5 7.679 1 4,379 5
X1y %107 10 107 %107 w1 ¢

T A RHEM B LK SE Vdm, HETIEEFH HABEERARE.
TREco mM T =&MW, HPmSREEhamiyEbdn, SKESE M
AET72.8uMh, STUFHERAFT NN BITHSESHAEEX,

4}
- . L m
.'-r H-\.
- -
f"" -
W b e
..ﬂ"r o
£ 5
£ g
= =
—— KRG
e e EMEME | 20
T ESELT
0 a
0 24 40 &l &l i} 14
il 1m™3/n)

Me. 6 kESHMESERSMEHS
BEleol, KEG-Hlh&EWBS-FE .

B = 27,435 + 009756 — 001 767 (6.43)
AR - HR RS A
77=31.618+1.144363 - 0.00695* {6.44)

3o AR AR R TR E



e o O

{7 = 44000462 {6.45)
AC2IPFrANTEREXENFHELTZHE T ARARM EKEN R
M¥E, mEsTH . BPEHEETHU TR TEE AR ENEE, TH
FRSSRET, AR LR RN ERHL SRR, TR, HEMES
FRAGANRPRBLEOHEHGREEE -, ThEL, YREASEAHE,
EEREAPHNZSEREYIEE, fw.: BRIAAKPRELANEATE.
EIrENEREAURNTATEN, SFEQETEKEHZE SREBM*ELR,
FeRI 3 s, BE 7 THAFEZRLEKFE VL SERM & HR (6.46) FiR
MR, AM&EIC,—CM{E.

N, =238-0.1198G + 0.00256% (G=72.8 m’/h) (6.46)
7.5
- /ﬂ
s | { 2000
55 | i
' 5 24000
.r-\."'S B I .-’.:'z. -
2 + s E
23 + o o TR0
B ‘ AT e RAEERE #
- f o o BHATHBE |
L5 + s "Ti o + FWALEH#
e s EBUTHGE
0.5 . r — 601}
30 40 50 &0 T0 $0
Ml im*3h)

Ms.7 FRARBHFEAREMNESER
HERAGIB PR /A MEGHUTEN . BFHAEGMEESONER
ZEMEXER. FEZEECIlandS FI986FHEE T HAIHE LRI, ;T
ARG HEEINHARETEMAEEN. Cleland 2 ER2FEHNERS
MMEZRPRBEARERAY:
_ -20254518
“ “Inp,, -21.25384
F 30 poat R 502 P, Cleland 2 2 & 4 21 -60°C ~60°C 5 F p3 108 S0
EHAEHA, SRR RGEELGRETETHUEANER, WRERFHR
GANHE, FEfEANRE., ATHR2ENT A CHEEANSMERS
AREAUSTEK 64 AR FER, MEFTFMHE R G TA[164].
t., =40325In p_, +22.8069 {6.48)
F(6.43) WEAERE 1.191 9 MPa=p=1.729 MPa. 481 = (6.48) fl Cleland

—247.94 {6.47)

=107 -



ih oK A AR B PR AT R A TR T

AW ERAEA FULAT, SRNE 64, KEFTLUFH, F300—45
CHEE, H Cleland 23U EHASEREERA, MR (648 M EHE Cleland
AR, WHMATHERENTIRA T T ERY LR ErE,

F6.d AT (648)FCleland 2R T KW s tafiB g M b

Eh (S| ®6.48) | Cleland ESN |k | &(6.48) | Cleland
[ MPal [T e o 0Ty (MPad {0 {0 ol !
1.191 & K11 4 BE5 @ 30.924] 1.460 1 s 380702 3RO38 3
1.223 2 3 L9317 (314 1.496 % 19 39.062 | DYs2 A
[.255 2 32 9726 | 32942 3 1.533 5 4 40,048 4 965 ¢
1.287 & i3 33006 6 33,944 § 1.571 2 41 | 41027 4 41 989 §
[.321 0 34 34.033 349467 1.60% 7 42 lazo0016 42,977 §
[.354 R 15 ISN51 R I5.948 4 1.643 7 43 : 42 968 9 43981 6
1.389 2 15 .01 9 | 36,949 5 1.688 5 44 | 43930 8 44,938 &
1.424 3 l 37 37.069 | 37453 1.722 0 45 44 886 & 45,996 7

6.5.3 FEITEMAZEMTE
GHESRERFTELE—R

WEMARREAETR, AR gin Ll HE N o

B BB KR . ARANE A

BEE, GEATRHNEDT.: % ﬁmémﬁg

B R T — A L

18, MRLEEARSHIRER "

BB EHEAT REMS @ AR S L o

Wb AG, HE AR ST

EHEAGiton b Ergmmg | G0 —

¥ 6.8 F7 . ‘ ARAR O
£ 30C—45TH e BT

WHREA lgp-h BIPRSEHERMN

AFALMEA, TEMER ) Ak
H. Cp=599. HIEH By,
LB k. BERNY
B SANHET—BEMER
BER T . FEMNHFREIEHHFT

Q=67

i S R
L

-~

R EEREN N,

1

Bes HETHNIER

BT, ATHASESE TERREFERAENIMNSTIRETHREMR, N
ST s FRRATOTC BT, HHRAT WA 069, TREN KA 064, P



Rk X

——

FFOL T L MESRD, BN 0.06. B69~M6.18 TAILE. KBEMAE
& #R35 A& 1,.=0.69 B} 47 i 3745 .

6.5.4 FAGHMERMEILA

HTESHAHFBHRE, FESHIME PAYAS o Y405 0 a7 R W
FATIEAT . A AN ST ITRAeBRR A RN, AEBEENE2E C—C
A, SHRBENSHUEARIHNHER. BesEZrnWERKEES NIT,
WAFEIETHARYERS PRSI F . RELERAFENAKE. BT K
ERNFELEHHEWNE -, A THERAEEELERH, BRREEHFUAE
R, MRALLHEELHANERNEHRER. AHEREHETD: Elk
B SN REDESAG, KEHRRFEHE].

g2
x 1
o
BT ¢ T
o A . c-""’: XX &0
é 36 RN e &
# o 2
=2 - e —x— BIhE : mf
N -
33 r \\.,_F._,f"ﬁ - [E!ﬁmm$ *
.."'n.. ) 1’ e Bl l&;!
WL o ey [
.
-
T? — 1 1 1 3“
15 .58 1.6 1.63 1.7 .75
¥ REE ) (MP)
He9 BREMSBEEHISHELUERBHXE
- 12
g .
RS - I
> e . N
3 / 5 _
E 0 Bﬁ// R il EE
E‘ .-'"-' N
# r“'f F T
= e o SHEEHD. O |
26 [ - oo WHREAD 6L |
As 4
o
.53 3
L5 155 1.6 1,65 L7 1.75
¥ MEHE J) (MPa)

E610 FOMNHNESBEASHERELESEMXER
B 610 IEHT ARMEEIENPESEE, BEET 1.565MPa LB

- 19 -



Mo AR FHERLE TR s T Ik R

MDD BT, FXB B S EANHEEEL TFEFH LAAHAIRETNR
Y. BAMAKRA 60.72mMh, Wik AKEE N, 8EH 593T. TR, EWNE
ARG, B AFTEN T REMIE L LR 04 S0 Ok — 8,
EER SRS EE TS BREEME R G, FEaT A S KRBT
BB TS, BRRIEDMSERE®MMFEIE, 492 1.5335MFaf1 40T, A
AREEAEA TR, SRATERBRTR. U XEAME 4 RTHA EITE
Mam R EF, ERNEEREACD A, RESRBHACEETHETS
ANH R+ ETAEARRT LR, EFAFHROKTERRIES, THEAR
BT BT Y G

6.5.5 #IMoATEHAIEKETIR

AT BT, SR s AT P AL A A I ERIEAT R AT T, A fE R
T EASHAEHM AN NANKENSI L ER BEANERERTE
FERBTHYENE, IR ULARERENNSH C—C A&, HRBEAM
EHMEARITHEE. FREMTHAMESFSHAAET, AT ER
T & et A AR A, KBTS B R R TE
CASE 1: 60%H 415, #@SiRKEEICTHE,

CASE2: 0%, BEEBEASEAREIC,
CASE 3: 60%E 4. Wil RE FTHENT,
CASE 4: 60%iw b, HEBMHEAEENTARE, EiTEAMEE L.

B A 3 B 0 o A R A A AT 4 1R A6 W AR R D 60 R AR B SE A R P 4R
HFF. E60%ERAMT, RABKBLE, HAKRENKIC, HKRARHD
100, BERLOEMETHRETFY, HOLMERRTEH S 3.60C. HEFPLAER
LR AR TRES Y. '

6.5.9.1 CASE 1

6 110CASE 1L ERABEENMDAER. BITEE] 445MPalthif &
B AE(ELAPIE), Be2EWEMOBIEEELTSE. EAHKEN
a6 17m*h, HEHIAC. FHATEHHEBWMIES, Soaw FiERHA TR
MR R ER R AR EE S B, XM EE TR RRM
MO EgEE D, AREEY TESEEHNERNEES. AFEsSLhiEhE
By BEEE AL R Y B R E B, SREGOHEL,. KAESEH
A FREEF AT ER.

DEAEKBESFHEHE LA, KHFHAEMIGRME. WET0%E AR
MELAUAKEDEITKERH, BHAKSBHFKFTEAKE, WHAHMND

- 1L



[

ARAERANE, FEEEZETE. FRNELERERE: ADaRESTEMNTEFR
HPRPThA PR, ML rFNEE. BURE, MERMTHL
60% i FLAT B A B S, MIBLE 24 T EelotCAMA B (CANABSFE
RHARE), KREARK EHRESREAZNRAE, HHEMCARB
RALE, HTEHCEFEETE. TENGREORY: WCAMBRITEMILRE
FHFHEATHEFRHMRM, THEEEHZRILTFHIRE. TR, XEHHN
TEEMGESRRHEREBP AR LR ANSE,. MNREEES WM I
AR RS R RN .

9 xP x=a 120
Mo E e ny
LAREEVERE b .
e 140
45 L ol =
g o - ®- FLIfSR 3»0;
Fay - o FgEHLIE £
= \‘.\ n
- KE 60
‘-H_
7 .-
- . 40
- ‘
33 1 d - 1 m
1,35 1.4 145 L5 155 16
Wit (vPa;
B 11 CASE @A HEIEDELERBNER
— 10
g8 — 3
: e ,
5 /!" .__,.--""
% 4 - L7
%-l— / --___.'..- | ﬁ g
.. |
_- Ca MENAROO0 60 [ 4
.’ o SHINAN0. 64 [ 3
5 i a3 2
-158 = : 1
135 L4 145 L5 |.5% L&
¥ &t M (MPR)

Fl612 CASE IRABEENSHERFLEERENXR

6.5.8.2 CASE 2

BERKBRNAEH KRER IS EMHHBE ™ EE, S OKREN

S HERBYLENET TR,



b A R )2 TR i T AR

LEESEREACGREN & £33 T M. 61371 6.144 CASE 2t Y
THGHR, ARBHAHEEN L, TRE TR AMEEE, MBhETLI21MPa
M iR D (K ST, MRS g a T, R O amdiEE
HEA, WGER AT RS AR . KAEKB 46 15m>h, BEHLEST,

HTATFTKEIRS.
55
Y
- :w._H ] : .4
S i 108k
o SR Ao —
Zp | Lae mﬁ
£ 1. x- I ﬁ
4 | ad s Th4EHlIE e
-
s i
a3 1 4q
O
.-
.y
4{'_ [l i i i Iﬂ
145 1.5 1.55 L& 1.7
SMEL (MPw
B6.13 CASL2RI S HENASHELUERKENALE
11
= a8 - ® i
'%ﬂ = lao
B -
= . 'R _
2 s . .2
B - 7
}-:}
76 [ N | s
. & CEEENE R0, 69
i o ENNE 0B |
r B
i H
_152 1] 1 1 L 1
1.45 L5 1.55 & .65 1.7
SRS (P

Bl6 14 CASFIZEISEEHASMERELUERENXR

8.5.5.3 CASE 3

CASE 3R EWMHBRHKEAE FMI29THEEE. 615586 16m 4
CASE 3MHMMIBEER. »HBWRELRNR, RN THANTZER. B
RLLIDMPafit R BRI R MO MAKE), HEAREEAEETE, &l
TR BV &R Ay aloh . LUER RIR T B AAGRE . MEFK R H46.07Tm'/h,
BEHASTC, NEIEKETLTHA.

=112



[ S

MO SHEAAFRETICHARESNACELTALZELALE. &

HABRBER2CE, NUERET AN ENFRREDT 5.49%.
4%

® .
-
I N M x ; . 12
a4 F x__x__x - ~ - -
o 100
& —
o - £
= o 3
gm A —— [ ThFE W:E
5 e o EHNLHF n
. . K 65
‘l._h
36 ..
W { 40
-
.-,
37 . ‘ ' 20
1.3t 1.36 1.51

Lﬂ}%—ﬁﬁﬂ{ﬂﬁ'ﬁ
Fl6. 15 CASEIRYREASOELEREMXR

R XY
g .
o o
Z oM 9
g = -~
ﬁ / L [1E
" L fuc]
-z8 I
e -4
. —a HHiIRE N 64
g o WEMEN0 64 |,
i N —-@BE
-176 = — ' L !
11 135 L4l 1. 1.51
PR (M)

FE 16 CASCIMASENSHERFEURBENEE
6.5 5.4 CASE 4

B BARAES, SEEBRNLAGAZTRESHSEAE R ALBRAREE
HAFEEX, HPERMBAMEFHEHE. R IPHERE LMD I EHE D
MEFOABEANBHA. ERFRATNALH AT TES, 2HLER S
R bRl RE T REAR, NRASEEMSENES. NRNAETT BREHAET
HATHYE, SISAEBI, ARGRTER, BN ASETRIES T TR,

Fr AL WS 45 A BE G K 4 0.086m% T kW, KRR R E M4 TR
EMEEREME. BRET—BRRBUE, SE/AMEBAX . Rol12m”T
kW, B EEBEVSEPRCHE A, FeowhdE . #AKERNRIIICHNHE
HITTHE, SRwE6170E6 18T, BPMHRESH 05 HIERRK THA

-113-



R AR RROET S SR TR

FEAKETR A, SREFHAREMRMEENCASE AL, SHMAMAES
RATLRARNSEIE DDA EN, SE%Hm, COPTH. RAMKEA

46m /h, B EN4.65C.

ol *° e a {120
\'x. .. R o -
Tty -oK iy
L 104
E o % fIha 80
He | 0™ e [ b
= - _a | 50
% tom . | a0
M - _ — 20
1.4 1.45 1.5 1.55 1.6 165
PrERLE FT (MPu)
Ee. 17 SEARSMEXNBEASHELLRKEMNEE
—_ 10
& g R
= P L9
'\-{' ﬁ-"' - ... - e
g " "
g - L7
3 ; L )
= 2 =
- L5 gL
-R3 ; . ....'_-.. e e aeee e = Hg
o —b — Syl A2 p0. B q
. o HEMEF0GL | 3
" 3 - SF L 2
-166 2 —L 1 I
1.4 1.45 1.3 1.55 .6 165
BRI F1 M)
Be6. 18 SHEARSNESREISUFESREIIREEM LR

6.5.6 HRERMISHSITE

FERTHI M 3P, RIS 008 T p=0.64R A6 4G . B4 10, F 6120
Fe.14, e 16T e 18RI B FY: EARARME. AREKREURERRS
WHEMAA, pATFURECMNERIhEMLINE, ANEENITE S
BEHEAEEW, LRER, Al TREHEHRANE, EEEAIAR
BAEREER, F2EWRILEERE, TN IEREMNTR. FHit,
TR R A IR HM R AU BT WR, TURALER.

B EINFAEBETUER: RN SSAEET, RELKEERL
Bde, FRETHAHTEHAKRERFLOCAS, MENMKEHEISIn'/D

-114.



L

AH. TR, ERRIRGMEKEMNAPEELEN S T RAME, WiKER
B TH IS EESBERA, #AREESs, ARATE AMSREEK
pRLLY e

MEBALKAFEISE, TorATHEREAENVYEFEIEEH.
BFRKBMESSSHMASEE D, ETRTRTEAEEAMNTHRAR. &
MEREDE, BSEFHUEABNRNIH NS TAEETIAANSRENU
BRI R,

Z6b AT RSERKRIREMLE

| wok | 60% 8 $1 4
oA tein=31C | tein=29C | £in=31C | tn=33C i’i’"i?‘t_m
EXAR TR p(MPa) | 1.5335 1.321 1.39 1.462 1.425 3
i BE TR g (MPa) 1.565 ! 1.373 |.445 1.521 | 482
EARTE Ny (kW) | 8656 46.98 4%.31 51.99 50.66
W B AN T Ny (KW 85.90 l 44.28 46,85 49 44 48. 10
W B (%) 0.7 575 5 1 481 505

HEGEERY, FAKCHREMBHIERG. E60%R I #H TR RS W
4.81%—5.75%, MEREHRNFT, BE - THTENE. ¥RIXNHEY
REGMBEE, SRAS%ELTHTRERCSHETRT . FLEETP,
HAMATTERE, PRgRsEnE,

BLERFRBBEAANTERATHERR TN S#E W, BE L,
5 3 A 9T 0 VR IH — R 9 45%—100% ", MK E RIS T 45U S RN,
ARFETHERSEHABRET (NN —SWARERLBEEEE T REH
B e TR, JAFEMOEETHE S AI40%—50%H, KRNRLNE TR,
TR - LHE-- M T REE, B 3PREAN LRAESEFERRSHR,

6.6 XFRHMKKEENTIT

EEXR, “ZRARE” HiABEFBINA, OEFERNEE, BEHKR
W2 A E AR 3 DT, B ek 0 A K KR 25 TR AT S R R AR B3 O 4 B )
AR AE X 5T, 3L bu Ak ik AR 2 A0k A R ks B0 /D b A R RE R D T 8E
REFEMAN. RAKBENALE, AR NS HKTAS NN HE,
Bhz@mediRE., EmBnREnmmE. XASAKAEERAR—F
THE? ERE KRR A HARTELDF.

HHEMTEE 653 PERHATEFEEREARL, FRZAEEFRENER

- LS -



M AR R T A SRS TR S EA SRR

ELAG AW o i - 9 o 0 it =1 R TR B KT L i BATH B 7R S R D
WilETHAT, T B ENSKEEEEAR GHIE, ARRIERAT
Bid B i Bt T IR I . AR g 805 AR LI £ e 3 B A 1T

N, = 009726, (6.49)
AP Ny B0 G R 4 8 B kW R mh,
125 = —
[ ] 1 150
! ] ﬁ = —— -'E-I.L IJ_IE&
! o HEEHLIRA 130
ws = . LEi 8%
g L K _ 1
- 05 F W'X——-_x W. — —X—— - %
L .. _-x L
ﬁzss - . D___.-D"'--D._- W:%
e o
- |_ - - LI
ol -........______..---- 1 s
55 | , L M 1 1 | k'l

2 3 4 2 T 2 g 10

£
@x (Tl

A6 19 FREHEBENNNENAEHKE

T ERUEAA T, 8 THEIGT AR 6 ACHE 2 i L9,
AHAKEMSIZHE, TESENR 619 5T, BRFHEBMFELLEN. &
HAFEMS MO WEZN, RFREET STH, dTEHKENSHEN
MRS, BUEEN. BB ED 5T—9C2 MABLR, HOBALRD,
g, ETh N T AN KRHEN AT DEELDRHI L FIE AN, B K
PR TR A S R 2 5 BT F g BB 2T i R BT R R i
KES, FREHURr gl sTCHastRdBEs AN s 2N, ME
B R K AR 2, T T T K R H A ALk R A
HEMBGSI R . M HEN. SAKEAMEYL. WUHEERHR. KR
Eo%, KEWAZERE RS, TUER L /AR R4 ST
A, EAmAEE, BRIES KRN LR, TREFAR. H#aENEIE
MHREER —EER. fiR: EFESsHARNGEKANEE.Y 8T32
T/40C) 1], W% L4l Logan Eirilial MEEr RAERGHAEAEN 83
cUl, e TEEHYWEESE.

6.7 N

7 U5 B 590 3 HE 4 R o 2 oK R R A e A BL AR R A A AR AR MO e

-11e-



fif b fi i

Fo MABMAREZHUNEREE L —. FHERT M A-KAFI L AR
{8 A% A BLAL ¥ K0 ACR 8 40 06 BB AT 0 U B B 43 60 ik i f O Buds R ig 1
RS EEDEAEGER. BdRYVKBRMESHED, #TOETERE
H, FHETIRAZERKIR M.

BTTHEMEHEE, # THEBENTEAA. T RAISSP 4
BUSHRTEANAELHABY, XERNTAERSUNEER NI,

RE\EEPRETENS A, RETEWRENRELS U, BHUEARTAH
MR RELIME S i B W REN LR,

M= LHEITTHALR, HHAERERSE.

(1) FXEHPBENEHEYEH LRy R EsmnEat I
R EEMOAEERROGE. FERKBE. A i H0E LN A 6 %5 5%
EMHETHRETEEERENTRF.

(2) AEAQVEKERFBIS AN A LLBT0NEBEREER, &%
BB HLAR R IR T LU i ROE AT .

(3) EBRATHAARTABAALL FIERRTFVAN AR, HKEER
B, ERR A AmSEEI SR,

4) THAEMNTLRAESHNERASENLAE, EHERIRTHA
FRBEAERTREN . EEAA RS PG RN RS T ERBR,
TR ATE.

(5) REALXBUMNES LG, Fo0%W AR FREMB IIRSNES,
BEREWANT, BA—EMWERESE.

6] MFTARB|EYTHTRHANKRELE, RAKHRZHAMSCH
WHEEEF EESRMN. MTREX. ANKBANEREL, TUE &N
 RBTARHEM EELNKAE, RESKNERANATN A,

=117-



JEFR MR R R B TTHRL F i AT (K AN

& %

ERFRFEFER TIN5, hRKEHMEERSNRRRE DS HEER
T. BT EA LS. B EACEREAREARED 5B RHH
EFD, HF—BEXEHRADERFBHKG, —ETRBRFIMEXBAR
iAW S TERE, FIEEWM T EMEANHE T A RS EEERAERE
MHEEARS ANSEFS . LBRERERERNRBTEERETHARER
TTIRBEM A, A RIARSAR R RS SR TR,

FvREETKRHGDT:

(1) AEMHENAFRREHTINARGEHRL L, aX&i TH ™ E
BRI PLRADMEAELARRERESEARS. HERRE . £FXFE
THAEETTAHMIE, SFkE. SAREREBM, SiE. BHKEE.
COP &. EMEAHERFRRERERSE GAS R RO RET T R,
MiLERRY: AMARMHAENSRT, SEMAKIEDE T RS HEF COP
LEF SRR 0.7-0.85 SIRABTHEARPAKRASAT, FHN COP KR
AMER COP & 046 B4,

(2) ARRHAKERBRESETARARNANSETHETERAFENKEES
RERTLGEY, MAALEZ AFERLEN. AXTE. RALBRTT AR
MEXRBHEFZREMDEREY, RN THALRKRLRRRNSEREF
CLOQP, A THUMH— S @nAR R KITATERALG SRR O
HMAEMAT THEM. S THEAZERANMEEBEMNEN,; 28 T AENE.
AR A R R R AR N R, KT TR RLA AT E R KR T
AT UELMMRE. BN RAN: WEFEUALBRMAINE. MRS
ETEREANERASZS MK WA.

() TEEMHSSYNBFARTEEEFLMNER, Eied THER
GHFEARIHRE RS R TR MM SRS IKERERA, BV T
HERHE, FMBETEMNBHEIMERE, HALENSHETUELAR
TR TFRMBEHA AT, FTEVTELR TR,

b B AR RS D o M 0 Y R AT TR, SRERSENEREAY
Go. R EBRANESHRKELARBAHT TER, SUERKY: BEY
Bl B AR, FIAMREHAEEZ A ARSI KA RAERENE, BT L
AEE AR, WREH MR AT A,

(4) HFHEHFE. HARIEMS DA LR TSRS ERE R,

- 118 -



Pl {7 i

— — — —

SEABEETN, MRS EWI KGR ERHIE, FLEMNMERERLTR
W FLHMATRRAENARBECREROKBEENAE, JE7T 2FHEK
FEARINTR LA

HAHAMEKESHRRAUZZAEANG L, HFARELTRERE
—ABEPLE R, BRBIE T HAKEKRBMBEER, EHEH TR
FREIRENATRIEARENE . ECHIR L EHNENS LIRS TR
o R KR L I RE LT 1 L T H S R AT B T R R DN K e A KR AR
TR, FAEELARIEROEASU BB EARFREEEREH LR,

BT TP RE KR TR RY, et T EREREHE. X
AZERIIT A A SR THKEKENE BT T R, 5 Me 1t
ITTak. RAMERAGHEGEN TFTHRKGELAE. TLRASTNLEER
T HF - RGEETS, HEREEEEHE KN ETHA AT RE
At HFLBEFAMEER.

{5 #AEREEWEEATEANRE AR SFERSENEEZE S, #
BT —#A-KAFLHN AR RS AN ENSHKERERBIZTTMAEE
MEWTE. EVTAENEHEE. #2THELENTEASL, BETHER
RMYUBEMNESHF AT REGPSIFENER BETEHESENRELS R
A ATRUFRMAERLERRAN RAE, v T REAREHEY, 3 —4L
PIHTTTURES. WELREH: THALRBNBHTESE, £ 60%iHfR
MTRERGBES VN SHAL, NUNATRRE YRS E, B
REMAHT, LHEERTRIR.

FXHTIEPALUTHERECHME R HEFEL:

(1) ZEEAHAGFHLFD. FEEXEARARRET A8 MER L,
BERH THAECHETRATFORKEARKEARESHS HARE. &
FTEEAERAUBEKERFEESESALRERBT R LT 80, 24
TEEHE.

(2) ¥, RGMZVTAABEXRARREMDEED., WHZEY
REREENNARANSSLEEHY IR RE 2 EERTRHEFE HHAM
RAKFAZZEAMNKER T RESFRIE.

(3) fERW “FEQLPWRE” MESTEM F, #5707 Tk e o )
AEMELHELE, ZHBENRHASED, U E0H TRITTHRANESLE
KRBT RS .

4y By THEKFHBEMC DT HABUWEIE, RBTHEKE
RARERHE L

(5) #HMHBBEREESABBCRZHEDNNS, FRRELLIE

18-



ERFRERERO R R T R

EAE—REIER, FREVTHAKKARFLRMBEIRE, §6HH TN
o5y A F A LT B R AE 0 R Ak BIURL B B BT R A A TH E A A RER
FUHEA, FHREUARESRNBAGIBEXERRREARRED LR,

(6) RWT —FA-fBRENENCEMNN A ARSI R REERER
BATRN QBN R A, £ T ARSI, R TEREESRNES
BT EU RSN AR R E SR AL IR T Bl EE RN E 8
EHARLEREN RN, EEREERAATEURSERSHMTEL,
P MK RGOS ERZIEE D,

EXTHAMEMLE, UTLAENNEREESRik—THR:

) #4x%MihRAKEARREHLHEY, ZTEREARMSLRM
(T b7 L e (T B R R SR EHFE SR EE W, 4 AR KERARAR
99T e R BT R

(2) MTRAMRIAEAFHMEA, ATHEWDBHA. MAEERAGE
FERERD, EEREAFSEMEATHLAZRAH. SRR EHAMARME
AET i HEMEF.

(3) BREXHMETRPTAFILR S % 8K RE BB R EEE
BTTRE, QEARHTETESTRNAL. BFAREERRRRL, A
2GR SR A ERATR ., RSB L RERTE.

WEN, PRAEATELIFRER RUEXAVERY Ry MAEEAL
ERE, STHEMNEREATERL, BHTBWHRE, RELFHHS. X
RMEREE RO NAEHT 2.

BEMEEAEREEEE, IAMELE, HPERTEFTENRBE.
MFAEART R — e R AR, SRASHHEA R, & -0
B, H eI A/ B EA, FHFTASREESRE. SEFTTL£H0ELNN
ARLERNENETHEACRENHS, #REA. HTHRKIFRAERE LS
EEEAMErNE, KTEI

(1) MAFAKFERREFHRSE. AR E MRS FIPH.

(2) frR-—GERENARKOWTEERBEEAR, EHERMETHL
TES NSRS, TEBZEEARNH ., BEEHN, BT LETEE
HETXAEMRERSE, STAREM T REBEAR. TRFARNEELEKNE
MEN TRIES T8,

(30 RERSIEMEANEATARERZEMHN TR, #UZMEARMRA,
BT A HRAAKFER AR M.

= 12 -



B L2 e

I

5% Ak

1] BRPUHE, e, i, 5. A KPR RATHEETHFEREIHRE I AH. P
B g 0 00k by A 4, 2005, 11
Rl #EARKAERGHS. ANBUHNFERANHERTHRSSEENR.
http:/fwww.ein.gov.en/greendyy/, 2005-02-23
[3] FER. SR, F5 8 O TR 47 &, http://news. xinhuanet.com/?
fortune//2006-03/18/content_4315339 . htm, 2006—03-14
[4] EHEE, TRE, TYX®. it ERAEIFSH ST 1005 A6 5T %S 00m. B
W, 2000, 30(5):27-32
[5] i, DR R “BE” & L IRETH, 2002, 32(3):33
[6] 54, BTHR, TRE.HR. Jbs P @R T EH, 1988, 14
[7) Cube HL, Steimle F &, E T #- BFWHw &, st pEHEK T WM
R 3L, 1986, 36-39
[8] Heitschue R D. Heating with heal pumps. Refrigeration Engineering, 1951,41
{3).317-320
[91 Rose R. Heat pumps in Europe—an overview. In: Proceedings of the 7"
Internatienal Energy Agency Heat Pump Conference. Beijing, 2002, 47-53
[10] Calm J M. Heat pumps in USA. Internatinal Journal of Refrigeration, 1987,
143190196
[11] FFE. FHEARZRHEHAR SR : REXETL R RiE:
FHEKE, 1989, 2-3 '
[12] HER, Mo, #0%. KRR EELE I, b (b2 Tk R, 2005,
1-2
[13] @&, Wi, MER, 4 KEAZRAREKREA. W B TR AT HE).
Aew R S Ak AR 3k, 2000, 106-111]
[14] ASHRAE. ASHRAE handbook — =applications. Atlanta: American Society of
Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 1999,794-796
[15] AFHE ARS8 TR FAIAR. R5 TR, 200101):6-7
[16) BRA:, b MATEEHLTRHEER P MM, WESH %, 20057):
25-27
[17) BER.#&F KUEMN AR KEBEZTWERLE. BHEREAR, 19973):
41-44

- 121 -



IR B B frfe ST T (R B

18] M, AT T KB Pk o MWk BEWT R V) = 1R AR, ST, 1985, 1
(12}:24-28

[19] Ryushi 1, Kita 1, Sakuratior H. The effect of exposure (o negative air ions on the
recovery of physiological responses afller moderate endurance exercise.
Inlernatinal Journal of Biometeorol, 1998,4(3:132-136

[20] Watanabe I, Nore H, Ohtsuka Y, Physical effects of negative air lons in a wet
sauna. Internatinal Journal of Biemeworol, 1997 40{2%107 112

[21] Morten L L, Kershner J R. Differential negative air ion effects on learning
disabled and norrnal-achievinp children. Internatinal Journal of Biometcorol,
1994,34{11:35-41

122] BEES, s, i, F MR ENENAR FHAEEWRENTR. 55
ek, 2000, 17(4):205-207

[23] Kavanaugh S P, Rafferty K. Ground-source heat pumps— design of geothermal
systems for commercial and institutional buildings. Atlanta: American Society
of Heating, Reftigerating, and Air-Conditioning Engineers, Ine_, 1997, 119-120

[24] Hastemer B, Kavanaugh 8 T. Design lemperature dala [or surface water heating
and cooling systems. ASHRAE Transactions, 20045,111(1):695-701

[25] Kavanaugh § P. Design considerations for ground and water source heatl pumps
in southern climates. ASHRAE Transactions, 1989,95(1):1139 1149

[26] Kavanaugh S B, Pezent M C. Lake water applications of watet-to-air heat pumps.
ASHRAE Transactions, 1990,96(1):813-820

[27) Sauer J H, Howell R H. Heat pump systems, New York: John Wiley & Sons,
1983, 106-110

[28] Bliyiikalaca O, Fkinci F, Yilmarz T. F.xperirn'ental investigation of Seyhan River
and dam lake as heat source-sink for a heat pump. Encrey, 2003, 28(20:157-169

[29] Alttlomiki A. Lakes as o heat source in cold climate. In: Proceedings of the 21
International Congress of Refrigeration, Washington, 2003, §72-878

[30] Katsuhiko N, Tetsuya M. Energy recycling system for urban waste heat. Energy
and Buildinps, 1991,16(2%553-560

[31] Lu A, Charters W §. Electrical and engine drven heat pumps for effective
utilization of rcnewable cncrgy resources. Applicd Thermal Engineering,
2003,23010):1295-130H)

(323 Ma S WY, Kueh £ § W, Chiu G W, et al. Invironmental management of coastal
cooling water discharges 1n Hong Kong. Water Science & Technology, 1998,38
{8)267-274

=122



¥R

[33] Hanneke V. Large energy systems — an international overview. [EA Heat Pump
Centre Newsletter, 1998, 16{13:10-15

|34] Enstrom. Seme experience of heat pump in district heating networks, In:
Proceedings of the 16™ International Congress of Refrigeration. Paris, 1983,
25-30

[35] JARN Ltd. A new river water source heat pump project. Japan Air-Conditioning,
Heating & Kefrigeration News, 1996-08-25

[36] Hazen E. Deep watcr source cooling: an untapped resource. In: Proceedings of
the 10™ Annnal District Cooling Conference. Florida, 1995, 276-282

PB7] %R, £H5 hAK. BAARREENEF FEMNT A REPEMRE R
. 02005 FE2 T RE MR TREARCH & LR, K, 2005, 89-95

B FRAI.AMABEBRHEHA#AS S ASHENBSR. BN NREART R,
2004, 23(3):24-2%

[39} Tim P, Joyce W 8. Lake-source cooling. ASHRAE Journal, 2002,44(4):37-39

[40] Davey T. Deep lake water cooling—a matter of degrees. Environmental Science
& Engingering, 2003{9):67-71

[41) BHEMEE 1T B R E S5, 2005 FRERBEH M T+ XFHA. 2006
BT Ak B RN - BRI e £ M3, 2006, 4(1):101-102

[42] REBHERGHTHARELT. KIENEKREERTEMNA. XiEd
SR RNHE (ZREBAREEN), 2005(1):23-24

[43] T AR FEARE. 2002 Fo EHAREH A #R. hip://wewwmwr.gov.en,
2002-12-31

[44] FEL0, SO A, W04, 20 W R 5 A 3 K F) AT & 5T 88 A0 5T 58 3 o 5y 47
1098 FLEBA TP RS EAEL2RTE LT - PHERT L AE
3, 1998, 322-32¢

[45] BEEFH, mARE, MER,. B F KT RER, by AT Tk W, 1994, 12

[46] AIFM, FFE L. WS RKERSETEMERE TEEN. T HTS5HE,
2004, 24{1):30-33

[471 ke, FHFE TAE. AAKARAFEERFAAR T SL®. REER
B AL, 2003(5): 78-79

[48] TR FRABMAAREFRERSREXVAFETFEA. BESHE,
1996, 26{3):10-13

[43) CHIFE O . 2004 FRBAMAB G+ N8 B I E. M E DK, 2005-03-27

[50} Chow T T, Au W H, Yau R, et al. Applying district-cooling technelogy in Hong
Kong. Applicd Encepy, 2004,79(11:275-289

-123-



i A A SR L R TR

[31] =0, SR A e o bl BRI At L RAt, 1999, 313-317
[52] BATCH. SR8 2, REEE (R AR F 3 A% R, 1986, 156-158
[53] ASHRAE, Commercialfinstitutional grouad-sourcc heat pump engineering
manual. Atlanta; American Socicty of Heating, Refrigerating, and Air-
Conditioning Engineers, Ing., 1995, 77-79
(54] Pezent M C, Kavanaugh 8§ P. Development and verification of a thermal model
of lakes used with water spurce heat pumps. ASHRAFE Transzactions, 1990,%96(1):
574-582
{35] Chiaxson A D, Spitler J I}, Rees 5 1. A model for simulating the performance of
a shallow pond as a supplemental heat rejecier wiih closed-loop ground source
heat pump systems. ASHRAE Transactions, 2000,106(2):107-121
[56] Jirka G H, Watanabe M, Qctavio K H, et al. Mathematical predictive models for
cocling ponds and lakes (Part A: Model development and design considerations).
Heston: B M Parsons Lak of MIT, 1978, 238
[57] Hondza M, Stefan Il (. Lake water temperature simulation model. ASCE
Journal of Hydraulic Engineering, 1993, 119(11):1251-1273
[58] Hondzo M, Ellis C R, Stefan H G. Vertical diffusion in small stratified lake:
data and error analysis. AS{LE Journal of tHydraulic ngineering, 19%91,117{10}:
1352-1369
[59] Fanp X, Stefan H G. Long-term lake water temperature and ice cover
simulations/measurements, Cold Regions Scicnee and Technology, 1996,24(3):
2R%-304
[60] fESCH AR E. KAE S 2. KT E B M, 2000, 142-143
(611 BRakal . B i, ¢ £ 8 H X RKE R R KB HE B R, K52
8, 1998(9): 1420
[62] Reid R C, Frausnitz J M_ Poling B B, The properties of gases and liquids. New
York: McGraw-Hill, 1587, 741
[63] Incropera F P, DeWitt © P. Introduction to heat transfer, New York: John Wiley
& Sons, 1996, 152
[64] Churchull § W, Chu H 8. Correlaling cqualiens [er laminar and turbulent free
convection from a horizontal cylinder. Internatinal Journal of Heat and Mass
Transfer, 1975, 18{9): 1049-1053
[65] Kim 8§ A. Pischarge of buayant fluid jets and particle-laden jets into stratified
ambicnt fluid: [Ph.D. dizscrtation]. Yancouver: University of British Columbia,
2001, 62

2133



Ll S e

[66] Allen ) J, Hamilton J F. Steady-state reciprocating water chilier madels.
ASHRAE Transactions, 1983,89(2):398-407
[67] Stoecker W F. Proccdures for simulating the performance of components and
systems for energy calculations. Atlanta: American Society of Healing,
Refrigerating, and Air-Conditioning Engineers, Inc., 1975, 368-392
[68] Stefanuk N B, Aplevich J D, Renksizbulut M. Modeling and simulation of a
superheat-controlled water-to-water heat pump. ASHRAE Transactions, 1992,
08(2):172-184
[$%] Bourdouxhe J P, Grodent H M, Lebrun J J. A toolkit for primary HVAC system
encrey calculation-part 2: reciprocating chiller models. ASHRAE Transactions,
1994.100i2):774-786
[70] }in H. Parameter estimation based models of water source heat pumps: [Ph.[}.
digsertation]. Stillwater: Oklahoma State University, 2002, 162-163
[71] ASHRAE. ASHRAE handbook — fundamentals. Atlanta: American Society of
Heating, Refrigerating, and Air-Conditioning Engineers, Inc., 1997, 132-135
(72} Mirth D R, Ramadhvani 5. Comparison of metheds of modcling the air-side
heat and mass transfer in chilled-water cooling coils. ASHRAE Transactions,
1993,99(1); 285-298
[73] Jacobi A M, Goldschmidt V W. Low Reynolds number heal and mass (ransfer
measurements of an overall counterflow, baffled, finned-tube, condensing heat
exchanger. [nternational Jeurnal of Heat and Mass Transfer, 1990,33(4);
T55-765
[74] R WREEF SHABEL XA BESFRN, 2000, 30(3):27-29
[75] ML HEE, IX. S BERK-AAFLTESBEIRTR. flo¥
#, 2002, 23(2): 10-14
[76] Cantrell J M, Wepfer W J. Shallow ponds for dissipation of building hecat: a
case study. ASHRAE Transactions, 1984 .90(1):239-246
[77} Arncld D. Thermal storage case study: combined building mass and ceoling
pond. ASHRAE Transactions, 2000,106(1):819-827
[7€] Kavanaugh 5 P. A desipn method for hybrid ground-source heat pumps.
ASIIRAL Transactions, 1998,104(2):691-698
[?9] Phetteplace G, Sullivan W. Performance of a hybrid ground-coupled heat
pump system. ASHRAE Transactions, 1998,164(1):763-770
(80] Codell R B, Spray pond design for nuclear power plants. ASCE Journal of
Fnergy Engineering, 1986,112(2):90-103

- 125,



72 o 35 B A NIEAT s agAT Akt

[81] Winiarski D. WhiteCap™ roof spray cooling system. http:/Ywww.eren.doc.gov
Hemp, 1997 12 21

[82] Moussiopoulos N. Numecrical simuiation of spray cooling pond performance.
ASME Journal of Fluids Enginecring, 1987,1092):179-185

[83] Migdal D, Agesta V D. A source flow model for continuous pas-particle flow.
ASME Juurnal of Applied Mechanics, 1967,35{4).860-862

[84] Porter B W, Yang U M, Yanik A. Thermal performance of spray cooling systems.
In: Procecding of the American Fower Conference. Washington, 1976,
1458-1472

[85] Porter R W, Jain M, Chaturvedi § K. Unit thermal performance of atmospheric
spray ¢ooling systems. ASME Journal of [lcat Transfer, 1980,102{2):210-214

[86] Chen K H, Trezek G J. Thermal performance models and drift loss predictions
for a spray cooling system. ASME Joumnal of Heat Transfer, 1977.99(2):
274-280

[87] Chen K H. Trezek G J. The cffect af heat transfer cocfficient, local wet bulb
temperature and droplet size distribution function on the thermal performance
of sprays. ASME Journal of Heat Transfer, 1977,99(3):381-385

[88] Codell R B. Performance model for ultimats heat spray ponds. ASCE Journal of
Encrgy Engincering, 1986,112(2):71-89

[89] Hsiang L P, Faeth G M. Drop deformation and breakup due to shock wave and
steady disturbances. International Journal of Muiltiphase Flow, 199521(4):
345-360

[90] &5k, 5%, THR. B ETE A HEBTMNGEEHI . "EHABESF
ik, 2003, 24¢4):613-616

{%1] Puinam A. [ntegrable form of droplet drag coefficient. Journal of Atmosphere
Rocket Society, 1961,531¢12): 14671408

[92] Ranz W D, Marshall W R. Evaporation from drops. Chemical Engineering
Progress, 1952,48(1):141 - 146

[93] Simmons H C. The correlation of drop-size distribution in fuel nozzle sprays.
Journal of Engineering Power, 1977,99(1):309-319

[94] Solomon K IL Drop smize distributions for irrigation spray nozzles. ASAE
Transactions, 1985,28(5):1966-1974

[95] Sirignano W A. Fluid dynamics and transport of droplets and sprays. Cambridge:
Cambridge University Press, 1999, 4-6

I94] Yin R M. Nomerical studies of fire and sprinkler induced air flows in atria:

- 120 -



i R 2

[Ph.D. dissertation]. Hong Kong: The Hong Kong Polytechnic Liniversity,
2000, 32-38
[97]1 Li X G, Li M 8. Droplet size distribuiion in sprays based on maximization of
entropy generation. Entropy, 2003(5).417-431
[98] Ahmadi M, Sellens R W. A simplified maximum-entropy-based drop size
distribution. Atomijzation and Sprays, 1993(3):2%1-310
[99] D&, Marst, WA, F A TN LFH TN T RE. Rk
M2, 1999, 30(1):33-39
[100) EAT FEHEEHARXEZNBHALELYE - RERrgdE
#t, 2000, 67-78
[101] Funes-Gallanzi M. High accuracy measurement of onsteady flows using digita?
particle image velocimetry. Qptics & Laser Technology, 1998.30{6-7):
349-35%
[102] Adrian R J. Partical-imaging techniques for experiments fluid mechanics.
Annual Review of Fluid Mechanics, 1991,23(3):2601-304
[103] Hinze J O. Turbulence. New York: McGraw-Hill, 19735, 724-741
[104) FF 80, BE, KKFE AN ANARORAH. B FEKAKBRERNR
B R ETR ST SR O 17 80 J6R KR A ) AR AL, 1984, 239-256
[105] il =. eESAFEF. AR P ERFERBE L, 1991, 106-107
fl06]) RHUE, #07. 810 BUG AR W PO B AT Ak AU 22 3R, 1986(8):37 43
[107] Hamrick J M, Mills W B. Apalysis of water temperatures in Cenowingo pond
as influenced by the Peach Bottem atomic power plant thermal discharge,
Environmental Science & Policy, 2000,3(4):197-209
[108] Suh S8 W. A hybrid near-field/far-field thermal discharge model for coastal
areas. Marine Pollution Bulletin, 2001,43{7):225-233
[1029] Shaw C Y, Lee Y. Wind-induged turbulent heat and mass transfer over large
bodigs of water, Journal of Fluid Mechanics, 1976,77(4).67-74
[110] Ryan P I, Harleman D R. Surfacc heat loss from cooling pond. Water
Hesonrces Research, 1974, 1005):1269-1277
[111] BRER, @ ¥, K8, & 8 K FRKEEE S KR 2H, 1989(10):
27-36
[112] & ARIFEMERF R, TE SR 88E i 5% GB/T50102—2003, 16
B B DY A, 2003, 33-34
[113] Antonopoulos ¥ Z, Gianniou 5 K. Simulation of water temperature and

dissolved oxygen distribution in Lake Vegoritis, Greeee, Ecological Modelling,

-127 -



Pk A R RSP LZATRHL TR ivtikatsl

2003,160(1-23:39-53

[114] Tanthaparichakoon W, Himmelblau D M. A stochastic analysis of a solar
heated and cooled house. ASME Journal of Solar Energy Engineering, 1981,
103{2):158-166

[115] Haghighai ¥, Unny ' E, Chandrashekar M. Stochastic modeling of transient
heat flow through walls. ASME Journal of Solar Energy Engineering. 1985,
107{3%202-207

[116] Haghighat F. Therma! belaviour of bwildings under random conditions.
Applied Mathematical Modelling, 1987, 11(5}1:349-356

[177] Scartezzini ] L. Usiag markovian stochastic modeling to predict energy
perforinances and thermal comfort of passive selar svstems. Epergy and
Buildings, 1987.10¢2%:135 150

[118] Hokol S. An analvsis of stochaslic properties of the cooling load in an
intermittently air-conditioned building: analysis of discrete-time system.
ASHEAE Transachons, 1990,06(13%183-150

[119] Hokoi 8, Matsumoto M. An analysis of stochastic properties of the heating
load in an intermittently air-conditioned building. Fnergy and Buildings,
1988, 11(1-3):250-266

[120] Jiang Y, Hong T Z. Stochastic analysis of building thermal processes. Building
and Environment, 18993 28(4):509-518

1121 Hong T Z, Jiang Y. Stachastic weather model for building HYAC systems.
Building and Linvironment, 149495 30(4):521-524

[122) X E ERAS BB R HEREB L] b HEX
%1994, 14-77 '

[123] Rafe . TR ARG TR, el 7 TAk WA, 2000, 142-143

[124] E, R M. Gauss V1§ 5 5K Gauss R . D5 5L B, 2002, 24(6):47
50

[125) Collares-Pereira M, Rabl A. The averape distnbulion of solar radiation
correlations between diffuse and hemispherical and between daily and hourly
insolation valucs, Selar Encrey, 1979,22(2):155-164

[126] AR, Birs L, £. 2587 X PEERT MK
H, 1994, 28

[127] F}k#h, TR S AL WEHT. AHFTHEIXZHK
., 1986, 69-70

[128] HH&5, FRL.HEN. EITRSHENMS B 3 oh rE e

- 12K -



M FE

I

R #1, 1993, 158-160

[129] i, PEHLLAARMA LR SHERF LR, 1986, 538 539

{130] Guirk ), Rodi W. A depth-averaged mathematical model for the near field
discharges into open channel flow. Joummal of Fluid Mechanics, 1978,86(38}:
761-781

[131] Demuren A ©, Redi W. Side discharge into open channels: mathematical
model. ASCE Journal of Hydraulic Engineering, 1982,199{12}:1707-1722

[132) M ds, WAOAT, B R AHAKTET BT D= S8 a8l K3l
NEBR SH N, 1999, 14(4) 1484-492

{133] Jirka G H, Adams E E, Stolzenbach Kk D. Buoyant surface jets. ASCE Journal
of the Hydraulic Division, 1981, 107(12): 14671487

{134] Jirka G H, Doneker R L, Hinton 8§ W. [ser's manual for CORMIX: a

hydrodynamic mixing zone model and decision support system for pollutant
discharges into surface waters. U.S. Environmental Protection Agency, Env.
Research Laboratory, Athens, Georgia, 19986, 17-25

1135} Valee C, Tsanis I K, Shen H. Modelling Mimico Creek as a surface discharge.
Journal of Hydraulic Research, 1996,34(1%115-13]

{134) Davisen M J, Pun K L. Hybrid model for prediction of initial dilutions from
outfall discharges. ASCE Journal of Hydraulic Engincering, 1998,124(12):
1148-1197

[137] Jones G R, Nash J D, Jitka G H. CORMIX3: an expert svstem for mixing zone
analysis and prediction of buoyant surface discharges. DeFrees Hydraulics
Laboratory, Cornell University, Ithaca, New York, 1996, 62-65

138} SIS, AER AN T dbf B L RFEW R, 1992,138-141 U E
295-297

f138] L AFIAKER PR RS H AN, A . 2 KERRSEH
4 O ACHE T3 B R ¥ HATE A O R, 1996, 15

{140 MEE K XKHFEAME. FHE KENBSHTER KB MRERX
AKEEBIGE, 1996, 1-20

{141]) Deng S M, Burnett J. Performance moenitoting and measurement for central air
conditipning chiller plants in buildings in Hong Kong. HKIE Transactions,
1997 410712

[142) FoPW. AERHABRETEET. b FERETI & 5 R, 1999, 330

[143] #44, TEE. P TRAHKFRE MWL T. BATHE, 2000, 30(3):
£2-84

- 12%-



AR R IR A T SIS T K L R

(144] Ph—B. LFHP W MR RETAE —F (TRARRARKY .
0 <2, 2003, 33(2):39

145} 3% HE. % /KL AL =00 B 04 1 BE . 12 36 2 IR, 2000, 30(6):56-58

(146] 4R . WA Gk K— &5 (82 720 R JioK 500 T REIZ 7)) T

¥E. BR 1B iR, 2002, 32(4):32 33

[147] ZE T, M 4= il A K A0 & ) B 35 977 . L0 27 1R, 2003, 35(6): 52-54

[148] F Ak, s H, £iFE. KA B AN HAS SR EENR. 3 F
7, 2005, 26(4):59-62

[149] Astrom K J. Theory and application of adaptive control—a survey. Aulomatica,
1983,19(5).471-486

[150] Liung L R, Anderson B D. Adaptive Control, where are we?, Automatica,
1984, 20{5):499-501

[151) ZER. BEMBEEIESR K. SR LR R R, 199%0,2-7

[152] Wang 5 W, Bumett J. Oanline adaptive control for optimizing variable-speed
pumps ol indirect water-cooled chiiling svstems. Appiied thermal Engineering,
200,211 10831103

[153] Darrow TN, Lovatt 8 J, Cleland A C. Assessment of a simple mathematical
model for predicting the transient behavier of a refrigeration system. In:
Proceedings of the 18" International Congress of Refrigeration. Montreal,
1991, 217-221

[154] Koury R, Machadoe L. Numerical simulation of a variable speed refrigeration
system. International Journal of Refrigeration, 2001,24(2):192-200

[155] Sonntag R E, Borgnakke C. Fundamentals of thermodynamics. New York:
John Wiley and Sons, 1996, 342 '

{156] B Frk. Bguatil. Aoyl At W T RS U RF, 1989, 27 29

{157] Svensson M C, Non-steadv-state modeling of a water-to-waler heat pump
unit. in: Proceedings of the 20™ International Congress of Refrigeration.
Sydney, 1999, 431-435

[158] BT, B RAT ERIFES RN RS CAD -MATLAB B ERH. Tid:
FAFERF W4, 2001, 1-2

[159] WAL, S ER S &, oo HUa Tk i3, 1987, 191-192

[160] Wang S W. Dynamic simulation of a bailding central chilling system and
evaluation of EMCS on-line control strategies. Building and Environment,
1998,33(1):1-20

[161] Slipeevic. Heat transfer und flow resistance calculation of the inner finned

- 130 -



) L&

tube. Die Kalte, 1970(%):81-87

[162] Stephan K, Ahdelsalam M. Heat-transfer correlatinons for natural convection
boiling. Internatinal Inurnal of Heat and Mass Transfer, 1980.23(1}:73-86

[163] Cleland A C. Computer subroutines for rapid evaluation of refrigerant
thermodynamic properties. International Journal of Refrigeration, 1986,9{8):
346-351

(164] &N, $i¥ TG R ZMIH. L PUM T I h A4, 1983, 13-15

[165] . FHEYEFH. REREAATNANAEFAERN TR BET
M. 2004, 34{4): A5-AY

[1658] Rishel ? B. HVAC pump handbook. New York: MoGraw-Hill, 1990, 246

[167] BF. TR ANBEHR O &F o7& BiE 8. 2000, 30(4):62-66

[168] Kirkpatrick A T, Ellcson J 8. Cold air distribution system design guide.
Atlanla: American Seciety of Heating, Refrigerating, and Air-Conditioning
Engineers, Inc., 1996, 162-163

[169Y Garen H, Demirchian P E, Michael A, et al. The benefits of higher condenser
water AT at Logan international airport central chilled water plant. In:
P'roceedings of the 88™ Annual Conference of International District Energy
Association. San Diego, 1997, 291-300

N70] €A FTERMAEZAE. XATREARTRZLAMNETE L. hup
www.bjpc. gov.en/tztg/200606/t122122.htm, 2006-05-31

- 131 -






ol

MR A KT TFEHERERAEXSEAER

—. RERE
1] Xiao Chen, Guogiang Zhang, Jianguo Peng. ¢t al. The performance of an
open-loop lake water heat pump system in south China. Applied Thermal
Engineering, 2006,26{17-18):2255-2241 ($CI, EI & ¥|d%)
[2] PRbE, SkE &, 2B, % FRRERAESRELVREATHHNERA.
F 240, 2006, 27(3): 10-13
f3] Xiao Chen, Guogiang Zhang, Likui Yu. Building energy optioas in China. In:
Proceedings of the 2" luternational Conference on Built Environment and
Public Health. Shaniou: China Environmental Science Press, 2004, 490 500
{ISTP # %)
[4] Likui Yu, Guogqiang Zhang, Xiao Chen. Development of a web-based global
optimal management system for district cooling, In: Proceedings of the 4™
International Symposium on lieating, Ventilating and Air Conditioning. lleijing:
Tsinghua University Press, 2003, 973-977 {EI. ISTP 4 &)
[5] Xiao Chen, Guogqizng Zhang, Jianguo Peng, et al. Application of lake-water
heat pump system for district heating and cooling in south China, In:
Proceedings of the 8" IEA Heat Pump Conference, Las Vegas, USA, June, 2005.
[6] ERie, sk @R, . XAt R0 HS LRSI R LB E & A
HE, 2003, 31(6):55-5%
[7] BRBE, SkE 4, LA EE M EP SRS AR HRPHIT. BHAE
B A 57 iF, 2003, 22(4):12-13
[8) BhiR, EFE, KER MK RIS EEAEEMBEREFILE M@
THRZFEB R, 2004, 14(4):89-91
[9] Bk, REE. CR2E, F R KECSER R AR RS, i
BB A2, 2006, 25(2):25-27
[10] BRl, sRE 3, A, F. IMEFREH A REEANERLTHESHE. #
B 5, 2003, 3(1):32-36
[11) B5RR, KEE, AL, . EFRLAGPHBIALESTESREF RRMA,
¥ W B DAL, 2003, 24(1):15-18
[12] BroE, Sk &, BRE, . MK FAAKERFEEAWIT. K:2005 4
TRZRASHENTRERTH-SWICE, KE, 2005, 96~101

-133-



WFE WG RN AT R IR T AT

. RERRREER

[1] BAERA FHHKMFANESTHUHRESERE AR, 2006 FEM
r A5 E L

[2] BN ESTEHFMK R E R G g fa K.
2005 % 12 AEMNMEEETARMNEE GHBEF[2005]158 128 5,
BHEFLEAT. SoARRFEE. 2006 F 3 BENERTEEEIE O
FHE T35 M43Y20060180 5

[3] £F. I KT A ST HF R, W8T T R4FI A (2005~
2004) . W BEHZ: 02C158

4] FERE N, (WMEYTERH TR TER DBIA3/001-20045 .
00 FE T HEZEHWH, RAXEAT.208T 95 15 fuidasln
%A, 20044 11 § ) B, 2004 10 AP AR kb
R o

- 134 -



M EAi I

MiRB MEHTPLEFAMYREMRKRARR

=R S O fﬁﬁgi
BREERKRYKKELREEST % % ¥ 3
2R LKERKSKERFEQD B o om
FLBEBERE<<EEr®s ] %%
g EREEEEI N FHX L
TLLLblell L = 2 gsxx






e P

B

BREFR, XHEH, TAAERCEEWHNPERETANTEL. 1999
F, #EXBTFFEEH, ETMBEHBREHHESIT, FATEATELEBTAR
ARPHSEANSAAY. HEAEARERANT R NMAR D, ERXH
B - REHEES TR, LRESENTHFEROE- S EAHEEHFEE, ERNY
FREMELTEMMBRBE, ST TREMATED L. DEHBEZTH
ROBFNRBFIAENER. S THTHER. S THHEMNEERHB TR
ERRIREEE.

ERWBRIMESRELERNEN EEH. SETHE. e EER. &
FEHT. DHERE. KR LN, AEEME, EUEWMERL ENESHN
Bt WL EL. TEBHELE - BLFNME TEXREBEZW. HXE
g B F I 1

ERHHNBRANMTEEANEARAONAZERAEE. STENHNES. ¥
BHEMNMAAHAZRENLY, BB 2= EELUBEEN, ZENESELE
WEMNSTTERIHBEE!

MEERARTENR e TEMEAENE TR T HS TRIFEFHN
o 2ERAFRR ALK, PEERRHNENARN EEBI R O 4L
RITARETEREGZR, ERSHEER, PREFETERCERIL. BT
KERL - MEGTEAAHEKKEEFOINEERAMTERERNER AN
W MRS CERBKERRERBERSEARBANIHNERRLATT R
MAWEFF. El—H R EONBEE! '

MR L0 S, EHANTEHRLESE SERZLRBBERMEL
MFEHEAR. BER. 1. SfcS U R RNl EB NI EH
Er.

BHRHFEARANFTEZFHE.

AEE. BRALRLFN - RTEN X OSWETERLT, FF/LA7 MW
HRMPPERE TR L,

2006 R A 22 B

-137-



