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B21ico—U > ERA M RO—F U EREEOMRITET IV ZRT . R—
W& 25 R O BRI O O IS CTHRAICEET S 2 &%
Z 61577, EHLEHE QPR O @M 5 AW T I AN— 22V I K
21D E SIS ERE L TR 2575 2. Tz, B21RT & 5 RO 0
AR 0 13 ED D OERAZESFERL. EX M PMREOA o l3RF
ArEOLDOEEAZIEE L,

RN TS FOX S IIKEZE T 5,
(1) R— I, BICEA N> S U CEEES T 5.,
QN—flEET U IHOBEEX. 7' M= —0 2  OBEEERNCHES.
) EX N HNAEE & ROEE ORI L T, RO 7 ORXPEATE 5,
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R—=YOEHHFERITOWTHE, XEDH~27. 212)~(2.19). (2.25)~
2291351 519, FH2.8)~RANITHIRDOD T FEZBEIT LI,
RE (1) £ 0. N—2 DEEAL x, [ ERTERIBAGRDN 5

xy =(ry+r,)cosa+ecost (2.1)
Z T,
(ry +r,)sina =esinf (2.2)

DEMTARBITR K D

_ -1 esinf
¢ = tan ( (ro+ry)?—e? sin?6 ) 2.3)
ErBb, Ko T R—=2ORE £, LKA DK DT85,
Xy =—(r, +ry)asina —ewsin f (2.4)

Q= ewcosf (2- 5)

(ro+ry)?~e2 sin20

Flo, X—2OMEE £ 1%, KRXDOLSI1/05,

Xy = —(ro +r,)(G?cosa + dsina) — ew? cos 0 (2.6)

o esinf %) 2
a= a”—w 2.7
(ro+ry)*—e2sin20 ( ) 2.7)

U I RIAEET) Py EIEMEEL ) PAIHNR DR E 2 AW,

Pb =Ds (2.8)

D = {m(%) 0<0,) 9

ps (0>6,)

L, AENT CIIEBTOBRFEREZEERL T, K220LD ICEHELES P,
HHED P, O1I2MEICETLER LR, WHAROHSAE 0, [T THHE
11 P, i’énj:ﬁj U. TOBBAEN PICEINTFBETSE L,
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A
Lol
a s
Al P,
6,
' DL
0 T 2T

6, rad
X2.2 U HFANDESRK

Fie. VU T OUGARR V, EIEMESE v 3R MENERMN S, KD
XI5,

v, —-7z< )l +V, (2.10)
Ve =Vs—5r2,0 + 5r2L,(0 + a) + 3el ,(r, +1,) sin(0 + a)

—3r2l, tana - 3al,(r. +r, —x,) 2.11)
LT, VIIRHERTH 5.
—VIIEMEES P I EIN SO T, K231RT £ D12 x BT Ut
WUNGAERETHENTNWEEEZ NS, TOEE, R—2 LI VFIIK23
DG &G THMT S, MG NER—EMECA N OB ETON—
YREIIEMEEN P« NX— 2 Sl n 5 8 G, £ TIRBAERES P, .
RGMORGETIEIYU IR ENTZEN P, IMERT 2, ZNSDE
HIIR— 22 d x, y WIHFODS Foow Fy 1RO X D120 5,

Fo = {—-aﬁd + (% +7y sina)pc + (% —ry sina)ps}lp | (2.12)

Fyy ={-lapa+(rc +1g=x, +r,cosa)pc = (re = x, +rvcosa)ps H,  (2.13)
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Fr, HARNZEBHO,EFLDDE—A2 M MITKRAERS,

M, = {lsl(xv —Fc — %’)pd + :}{(rc +ly—x,) + (%) i —r%} - %—{(rc -x,)" + (%) ’ ~r§}ps }l,,

(2.14)

K230 LD ITR—ENTY FHEEEMLZEE, KRG G TERIU

2 F E DM Fy Fp BEOEIEH Fyn F PMERA L. RN— 2 FE0EART

HEA RN EDORH F, BLOEEN F,AMERT %, 1E @2 L0, X—>

EE AN E, R—= &) Y BHOBREBREEEN T u. w &
TB &, BIRN Fy Foo FA3ENTHAATEREINDS,

Fu =y1y205Fm (2.15)

Fio =y173usFn (2.16)

F = yapivFon (2.17)
Z T,

y1 =sgn(-x,) y2= sgn(F) 73 =sgn(Fns) 74 =58n(V) (2.18)

i H1ERIZ-10EEZ EDERTH S,

PARDDOR= T BHMEE 1V, . X—2kmE EX 2 OEMR
BB TROFGEEE A BROEMAOBEREE 1V, 13, TNTHXRK
DLIIT/RS,

Viy =Fo@p + (Fo +1y)d (2.19)
Au =ro0p (2.20)
Vcon = rvd | (2.21)

LA u 133CHR19) T,
U=rom,+ o, -r,)d (2.22)
F72. k20T,

U =—27,0p, + (Fo +77)0 | (2.23)

EEFEINTNDS, LML, TOHEOFEAREEMAICBT 29RO

21



FREE Au OF AWTEEE &M OB EIEE 1V, OFIZR50D T, HEOREZ
%)ﬁ@‘é& ELWEEAEEIIRRDL SIS,

U= ——Au +Veon = —5rocop +r,d (2.24)
N— IR 53300 F, i,
Fs =ks(x,—r, -1, +e) (2.25)

R—>2O FFHEICERT 5. MO EIC X 5880 F,id.

2110(—Jév){(rc+lslwxv)a+z [4r2—g? +-52-(7r —2tan~! 4ri_a2 )}
F, = T . (2.26)

Lo T, R=2Dx, y WA ROES L

mx,=F,+Fu+Fp+F,,cosa+F,sina-F;+F, (2.27)

Fo+Fy—-Fp+Fycosa-F,,sina=0 (2.28)

£, HO,EDVDE—AL FOFD AWK

(re +lg—x,)Fu + 5Fn —(re =%, )Fua = 5Fo + M, ~1,Fy = 0 (2.29)

RER27)~229)& 0. R—=AEESY PFBBIOR-2FEimEEA B2
DORNCHER T 54 Fun Fiov Fu i3EFNTNRRITL o TRD SN S,

Fnl mvxv+Fs_Fv;c_Fv
Fu |=[4]" —F\ (2.30)
Fvn _Mv

Z T [A] &,

V1Yol s V1YV3ls COS 0. + Yalty SiN G
[A] = , 1 ) -1 ) Y4ll, COS A —Sina 2.31)
ret L =Xy 4 P1y25ls —Te +Xy —P1735Us —YaF oy
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23 ERbrOEHAER |

n—Y > ZER > OEBERICON T, K (2.32)idSakurai £ Hamilton .
Q23R DODEF FEZRSEIT LI,

U2 R oidR— Y & Ebic s U DY NERAE L ERESICHEIL. HOR
BRIk o T U S FWTERL 73455 WA D K EMBEM 217> Ths, LA
L. EXR2E vy 7 MCEIBEBEICEMST SN THWSOT, T OEIREO
WL EESITOEHE, RBOHPLEDDDEESEOMAGHOE LIRS,
B42.412. EA B IHERT 2/ E—X 2 MERT,

RE B) LD, EXFIRDEIZOMBIC L DBEE—A > b M1,

mef wW=-wp ?r?lp
M. =

.= o (2.32)

YA 2O EFWEICHERT SMORMEIC K DBEIEE—A 2 b M, 13,

27117050},!r‘0‘—r;1 )

M, =—=, (2.33)

B2 b2 Hig 0, £H D OEMEE— A | i,

npplp!rf;—r;1 )
I, =

5 (2.34)
AR ETY S FRIOBEB OB X 28PN F. 03, Reynolds® 7 1) 7 5
SORNKD,

Fu = 2467705100, | 2> (2.35)
ZIT RBEAR S EVY LY EOEMMBREETH B,

PUEDE—A> b, HMEFIBLOR—-2 00 EE A N O AVEB ORI F,
CEBE—AL FEDHDEVICES T, EA b OEEEBHRAIRE S,

. Mc~Mp—ro(Fyt+Fet)
Dp ==, , (2.36)

23



K24 EAMAHEHTAHEZEE— A

24



24 REEEBREOHMEREHBBEIET IV
241 BIROETIVERE

T TR B SDOMFEERH WS, K2 5ICEHLORITET IV ERT,
T2 TR I S RAEE 2T TV L TV AR, 2 IfEEMET I O
HTHRICRT SMEREE R, SHY > 7% E, E%:Fi"ﬂﬁﬂéo%ﬁﬁbl%g_
&iZ

BRATE S,
1 1 1
R=T *x (2.37)
1 1/ 1% 1-v3
1 7( E11 + E—22> (2.38)

o=Jo?+03 (2.39)
T 2T\ RyR: TNENOHEROMERLEE, ELE : VY2 TE, v, v RT
VU o, 000 REH S OFERZE. w,u, : WE, b MIES, byt HULH
BUSE, w: HETH 5.

K25 fENTETIV
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$70. ARH TR TFOE S HREEB<.
) FEHSZ2EEL2MEOESHEREL T, Patir & Cheng® D E 1L
Reynolds FRRASHATE 3 LT 5, EL, RN TIRE BN OEER
13FE R LR,
() B & D EH AR —KTTET B,
() WAL Rk LT 5,
(&) WL A1 R P AR AL 5
(5) BALBOIRE LR OB ERFAOREDOMCEND &35, Fk. BBk
EEAICE ORER L, EEEET 5.
(6) THIBLE & & [E A HEAIE 71 0 BIFRIE Greenwood & Tripp™ I 9.

242 ERAFER

EFIZUDIT. Dowson-Higginson DM 5 FULNHIEE & h, 23K 5

%0 = 2.65GS4 0T 013 (2.40)
G IIMBINT A—%, UWRHEE/NTA—F, WRFE/NFA—F LR, X
DEIHicERINS,

G = aoE (2.41)
U=1 (2.42)
W=z . (2.43)

T T o IR - ENREG o BRKUETRIEE, u 3B (= u +u,) T
H5,

BRI VT B & U THRIRE S 041, BEOMREG)E D Hi
B ORD O HEERREZ KD D,

0= —;%ffci’lﬁ prin(x —x")2dx' - 5 fo peln(x—x")%dx’ (2.44)
iU & D iRE E O,

h=ho+i+A (2.45)
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R
.

A =8(x) - 5(0) (2.46)
COMBIES h 5, HMES p SHEEND. UEOK D, BMES p.
i3 Greenwood & Tripp DEIFHICHE Do UL B &, AT 1M & ORI =
o SHLS OTHEREE . BAERYG D OHE O N TRT I ENTE

pc =kEF 5/z<%> (2.47)
ZIT

ke = S—E—n(Nﬁa) i 7 (2.48)

Fso(%) =1%(C-%) (e) (2.49)

Patir& Cheng? I272 50 T () EUTFOLDIITHAD &\

-l ()5 e
Fsp W ZEATF D& D B TR TE S,

s i 6.804
4 ~(4-7
F5/2<%> _ | 4.4086x10 (4 ) (h < 40) i)
0 (h > 40)
L7ehts T, RS p 3RO L DI85,
6.804
4.4086 x 10‘5kcE<4 - %) (h < 40)
Pec= (2.52)
0 (h > 40)

R 1) p. %R T2, ROTEDH D AN B FIKEN p2RD 5,
end

" prdx + [ pedx (2.53)
B 1 SR 5 AU B ) p. 35 & OHRIRFE ) pn & OBIEZ Y B % 71

w={>
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LCHBE S b %5k, T OREAUET B ¥ TNewton-Raphsontkic & 1 1 iK
Latsafio.

RICIH U RS f . WIS py 5 K CRBERUE S p T, Hefk) & 35
WS DEEES © kD B Witk DBEE 5 1K DWW CIAA EARDORL D,
S ALY FEBL R TR TR 107Pa-s KO A1 3 Eyring KRR 2 L0
ZIDL OB A RS 0 B,

77 = Stob (2.54)
(a) Eyringti M OB &

() BRITEHELS AWEE 5 2100 & &,

—  In(2%;
= J—lmzi (2.55)
(i) FEXRTHFREANEE 5 <100 & &,

KRS S & iU aBEEIC L > TR S,
S - sinh'l{Ei exp(—d)ZiS_) } =0

| (2.56)
(b) MR DG E

5 In(2%;) (1—%111(22,-))

1+ 1-2%"[ In(22;))

(2.57)
T T, b ALV, o SN SN, ZORHELT 0SS,
BRI Newton itk & Bz 5, £/2, D FEET R I, 2 B ERTHRE

AW, @ ITERTCRE PR EEEND/NT A= THD, TNTNELTD
RTEINS,

1N;u

D; =5 , (2.58)
N, Au

Xi =" (2.59)

@ = Boxzhh

(2.60)
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ZIT. gy REREHTCTORE. g 3ME—BRERKTH D, ¢ EEAN
BRI ST D, W e KE L & EORERETHD, £z x
AN T HEE ERORERTNIA—F T, KATRINS,

X =O.97 / ﬂKm,DlZnCmu + 12hKf (2.61)

ZZTs Kus pus Cu 130 TN O RUREEE, RE, WBATHD. K
ARAEDOICERTH 5,
Fr. B OBBAZTEL b O BRI DD LT 5,

Te=Upc (2.62)
TOT. p3EREBRETHD, RHRECPHEICI > TERAELENDD L
5,

Kic, BEABIOCBAMIC K 2HEAORE LA Z5HET S, BEAREMmICE
5 EEREAB L OHARO B AR X > THIBAORMRER LA L. €ITX
LIERT CHREAOMBARNEINELET T2 ENTHEEIND. LML
s, FELEREFREORE EFOBKRIINT U BHETERN, T2
T, RN CIRREDORE LERIZOWTUTOLIITKET 5.

(1) E5E LR OREBTREDOREDHEHND £T 2,
Q) RO E EFIZ. AFD3DICT5N5HDET 5,

() AD O TOYAKBIT X HIRE B AT,

(b) EATEB TORMBDOEAWEIC K HIRE L7 1 AT,

(c) &EHEMIC X 5 ERETH ORE L&« AT,

@) MHEEIC BT B HAOFEE LRI, LEO3D0F TRINDEER
%, $hbb, VHRE R AT, I TOKXTERINS,

AT, = ATy + ATy + AT (2.63)
(@) RENRTIEN D FROAEE X, K260RT XD IKET 5. BARE
EFIF1.334T, THEABND, |
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FNFNORE EFRITDONT,
(a) AV I TOHEABEIC K DIRE EF AT,
L FONTWBUTORAPZH NS,

NNgh™ u?

AT = =gy (2.64)

ZZT e RIRE LERIOMERE. K, IREOEETOMRERTH S,
(b) SEATES T O DEEIC & > THRAET B E AWBIC K SIRE LS AT, :

AR ERFODELD

ATy = ytiAu (2.65)
Z T o RRKICK BT AMIE I TH B,
(c) BIEBARIC X 2 HIEHE ORE EF AT :

fske & < DT D HRHEM O PIYEIREE (flush temperature) & 0

AT.Jyﬁmmczgﬁ% (2.66)

¥ BETICBIIZREOES p EBER K ORI, Gecim &
Winer?OR 2 1 %,

K(p) = Kp(C1 +Cop) (2.67)

=
2N
paisy
<3
"o
D2

/

1.33AT, ﬁ;ﬁ@*ﬁg{ﬁm L7z

—P
|
-
1
(o
|
on
<
(ox
—
1
(o

SEYEE EH AT,

|

\

|

!

i

| W
v @

P

2.6 EfFEBOIREAIE
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C,=1.00, C;=1.35 (p =0.20)

C;=1.07, C,=1.00 (0.20< p =0.50)
C;=1.15, C,=0.84 (0.50< p =0.75)
C;=1.33, C,=0.60 (0.75< p =1.20)

FEOMEE —EH — RSB IE. BarusDRiE — EARESDRRZ AN,

1 =noexp(dop — BoATy (2.68)
ZIZT, nldRARORETH 5.
Eiz. B EEEOBBRIIAMERE <EONTWHXAEMN D,

0.6x10~%py >

p=p 0<1 + T+ 17x10; (2.69)

T 2T plAFREOBE. 0l IRKE T OWRKOBETH S,

KT, HBEES B D SENRNBRI o, EFMEES b, 23RD 5. ENHR
%W@%EMmﬁt%meK£%&\ﬁ@%hh&ﬁé@ﬁﬁﬁ%%?ﬁ?
A—% ylck o THhES,

) A0 A U TEERM S OBRE (y=1)

O, =1-C exp(—r%) (2.70)

Q) TS0 AT U TR S 0BE (y> 1)

-r

®x=]n+C(%) 2.71)
ZZT. CBXUOridERTH S,

MRS p EEEHMBRES b, ORI TORTEINS,

he =2, + ORQC | 2.72)
T, (O BHEREEERTH D, HIDOREINHIANMGT 5 ERKET D
&
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2

O =55 eXP(ﬁ%) 2.73)

L7=M-> T,

h: =.\%{1 +erf(7§-;> } + f;‘i exp(~5ha—2) 2.74)
HEM)E 0. WKES p OFHHEICIIPatir & ChenglT & R = EERLT
BELA IV HBXZHNS,

o (g B\ _ o o Ok
ox <(Dx 127 ox > =U% + o (2.75)

2T, BREFEUTOEBDTH S,
(@) x=x; Tp=0
(I X =Xent, h = hena T Op;/dx=p;=0
ZIT x Ex= 0k D TABENZRA TS Do F720 Ko ERAETH D,
pr=0pslOx =0 | (2.76j
FORD B, |
PLEicE D, SHEXNAFEES p BT % £ T, Newton-Raphson{kiZ &
NRORLEFEZITD.
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243 HRIT(E
(a) &/XT A—F QIR
WE, BEMENT TIIDRN/NT A—F TSN 2175 12012,

F /=&t

B OKED B IET BDI0. /3T A—F DEXTALBEDNS. HEREHL
TRV ONDEKX TR RO B ENBRINTEED, AN Tldlee &
Hamrock®*NZ X AERFEZHE L THWS, EHB/INT A—FDERTALIZD

WTELFITRTS,

= 270 X I =_ L2 _ gk A . AR
by = T X=1y =", P = 9o 0 = A—b%

iR R Vo re o
H=; HT:b(Z, pr=E\% Pc=%  Pr=j,

Aung

Vr un . w
T=Tt U= AU = 7z V="%zr W=ix

(b) &HEROEXTA

FROERITLINT A=Y 2N TEER BN EZEITLT 5., £7.

LA NV ZHBRROEITRIEIRKDOL 512725,

8 PH? oPp OpHy OpHr
ax(‘bx 7 ax) =K=%x +S751
32U
K= 4w
37'[1'5V
S-=
\/—Z—W(I)S

INEEREZED. () ICKOHESTS L,

HTend i )Xend aﬁHT
24— Hr ) +85 5™ X =0

O H3ZE +K;7(

EIE

(2.77)

(2.78)

(2.79)

(2.80)

o, RE74). REI)BLORQIDE. THERUTOL S AT E

N5,
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Hr = %{1 +erf( o ) } + J% exp(—

b, =1- Cexp(—r%)

-t

®, = 1+C()
LT OREBKTALT B &

§ =L 5 Prin(X - X')dX' - 3;

FoT, MEESORIEFUTOLIITARD,

H=Hy+3X>+A

A =6(X) - 6(0)

20%2

) (2.81)

(2.82)

(2.83)

¥ Pcln(X-X')’dX - 7 In (8R W")

(2.84)

(2.85)

(2.86)

Eie, EHEEEOBGR, BEABEMTENORB LOHEDOH D GV,

ZTNTNUT ORI,

_ 0.6x10~p,Px
P =1+ Ta7a0-9prr

-0.5

P = { 44086 x1075(32)  ke(4-4)

0

[ PrdX + [y, PcdX = 3
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6.804
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244 Emk
WRTAL L ERZEMET S, £T, BRIGLA NV AHFERITOWTH
QIN&L D,

oP _ (Hr1, i (Xena OPH
OxH;, (ﬁ)im +K17i,m( pi’md "“HT,-,m) +S87. 1%, ELAX =0 (2.90)

A7 A AOHE (EDHE=I) &, FHEICEL TRgEESEL, XEIZET o7
BORBRAEEA L, FRFEmIEBEDY A LAAT YT, m13ZTD0E
DRiERT, CNICKDEDE=ZHIIXRDOIIICEMETE D,

5 N 5 B, N Hy, -Hr,
Xeng OPHT 1 Pjm=Pjm-1 1 — Tjn = Tjm—1
X, er dX =5 El(H Tim AT )AXJ + 2J.§1 Pijm AT AX; (2.91)
ZCZT

AT =Ty, = Tt (2.92)

1Yj+1_ _)(j—l (l+1SN—1)
AX;={ X;-Xjq (i=N) | (2.93)
Xjs1 - Xj (G=1)

K@28)~(2.83)F. UTDXIITas,

Hy,, = HT'"{I + erf( ga > } + exp(—ﬁ'ﬁ > (2.94)
Dy, =1-C exp(—r%ﬁ") (2.95)
Dy, =1+ C(ff,"i" ) K (2.96)

HERTTHEARRIL, BRAUUENDMA P EEORERE D, FOUTOLDIZ
55,

N N 2
W S8R“Wy
Oim =j§1 D;;Pr,, +j§1 Di;Pc;,, - mﬂﬂ( ™ ) (2.97)
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U7z T, SERTTIEFMIIRE S 13,

Hipm = Hom + 5X? + Ai (2.98)
T

N N |

Aim = 2 {D;;(X) - D;(0)}PF,, tx {D;;(X) -D;(0)}Pc,, (2.99)

FEh &8 O BIFRIS K EFEME S OXZ22ZMET 5 &,

- 1 0.6X10_9pHPF
Pim =1+ 10 75009 4Pr (2.100)

H 6.804

-0.5
p _ ] 44086x 10-5<%> kc(4 _ = ) (Him < 40™)
Com . (2.101)
0 (Hip = 45%)

BXRTTHEDDD HVKE2RO T 7Y VAT TOL S ITHED TE .

N N -
% CiPr,, + 2, CiPc,,, = 2, 2.102)
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245 FHEBE
AIETCEH U2 RITTEN HRREEN L, REFGEICEI DB DTH 57,

K — R AR ORI < . AR BRI TIERME TR RNETSH 5

7= ¥ I Newton-Raphson i 28 Fl W 5 11 % . A B 5% T Id Lee & Hamrock®® @

Newton-Raphsoni%1< & % 3HE T & M4 EHLIC IS A L 7. R27ICEHED 7 10—

Fy— hERT, |
BBENBIEOHNE L TIE, R—RMmMOME, JHARESE3EL

7%, EHLMKEORAKEN DA EZREL., TNICEK-> THEES 2

Newton-Raphsoni® TR (Loop A). & DR L 7z MR & 2 & BAEEARE S

EER S, HRAROEHRE LR, KE. FEZEHRL, Hizikwbshizins

DB KT B E S DEIE B % Newton-Raphsoni: TEHE U (Loop B). N\ — > 5L

HOTROEENDRT HETROKELFHEZITD (Loop C) BDTH B, £

FNOFEBRICONT, LTFICHHAT 5,

(D) xBIIHANGE x, =-10& L, TIHE x=5 TTZ2200ICAFESEILZ.
O ORISR S AR, EH R/ 7 BRET B DI HAHIN< &
2o

(2) FHAMEIC T B RAE T, #NAEROMEZYIRIEE Uk,

) RDI A LAT Y T OPMEOTFRIT@MEIY 1 LAT Y TOENSIEL
TRDTz,

(4) Loop A ®Newton-RaphsoniZIZ DWW THI T %0 RABIL Hiw (1 =) = finer)
T, HEEROR & EERBEME ) OREEL S TR,

gim =Him —Hom = 5X? = Aim ' | (2.103)
&B< &, Newton-Raphsoni&iZ & D

R max agim + old ' 1
%(%J AHGL = ~8im (2.104)

L0, ROFHIRE ER Y MEEGauss-TordaniE TRV TEIERZRD., 2
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ZIORT S5 ETHRDIET,

08 1,m .. 0g1,m old new old
OH 1 SH ponaem AH 1, ~Z1m
: = 5 (2.105)
08 nivax.m . Og nmax,n _
) Hl,m 3 Hﬂmax,m AH R max,Mm g R maxm
PORHEE, KRICK0fro7,
AH; -

(5) Loop B ®Newton-Raphsoni%IiZ DWW TEHAT 5,
RABIL Ho v Xenaw Pjs m(2=5j=n-1)TH5,

H ﬁi:’" Xend aﬁHT

OP, — Ten L
fi,m = q)Xi,mHgm (T;) im + K’?i,m( ﬁi’md - HTi,m ) + Sﬁi,m X; oT dX (2.107)

EB< &, Newt(‘)n-Raphsonij& PR

Nobg op, \ M "W Ofi Sim |
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m »

6f 2m 6f 2.m e af 20m 3f 2m AP
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< S . - = 4 . - (2 109)
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0.64

Ho=lc U=2 G=aE W=3% k=103(7)
T 2T, R, ;A0 H QSRR m). R, B0 EEAHFOZMELE (m),
B, @ PUHIEEE (m). n @ BELOEML 2B OREE (Pass). u : SHARE
(mfs). E : SV 7% (Pa), o EBMORE — AR Pa?). w 1 WE (N)
Tho.

213,947 K2 ME 45 THRIE & 72 R X 35 L O L /A R B2 O EHLBE ST 35
F BRI, K39@& 0. FUHBE S ORI & FHFEIT. FTIRICEK
LEE S OMEBENMENENICIZIZEG > TWb I eMbh b, £ K
3.9(b) 0D SR I ¥ A — 77 1T & D HIE & 317 HFC-134a/POE DR VA R PE O
757G EAREL - TNV ORIEEIRIBE TH 5. K3.9(0b)& D, EHLIHELN
DI E T I o A © D5E B L O OAMHE TRV OmEfER
BELIZIE—B L THAA, HEAEA D O» 5 A IS VT TS TR W iRt
VAFRIBEE L 720 TWB T &b 5,

67



—
s

HIRES, um

[

mass%

AIERRRE,

—
.

04

51—\ /

| @\ : /

, hIAEEED |

- HEE )

07 ' /

| /

; /

5,
/

| REfE

300 -200 -100 0 100 200 300
fRERAIE, um
(a) IR S O34T

197 T T T T1
NIV DSIRBRIEE

of N

i

\
54 53]
NV
2 i
<+

-600 -400 -200 0 200 400
HTKAIE, um
(b) ¥ YA FRIREE D 73 AT
(3.9 REHESGMET O REBRER

68



333 WEOHE

XI3.101C T B % 5N 510N (FRARANIVYHE © 220MPa. AIAVE: 3. &SI
M@m)Kﬁméﬁkt%@mm%@ﬁﬁﬁﬁé%ﬁ@é%i@%ﬁ%%%g
@ﬁﬁ@%kﬁomfﬁﬁo@3w@i@ﬁ%ﬁ%MLf%MﬁEéﬁ%iD
Bl st & EASh B, ARG DB S U R S AR & A
E%b%ﬁm(mN@(m%mﬁZ&#E%%ﬁ%%?%ot&%i%o

itﬂ&w@ib‘ﬁéﬁ%%?%a%ﬁ%%%ﬁm%ﬁﬁlmﬂémum
TR D Uy 2RI L 725SNORER &3 O ER LTz,

334 TRYUREOHE
K3ilc RO EEERLI T L = OEHLEMR I BT 2RI B LY
%ﬁ%%ﬁﬁ@ﬁﬁ@%mnowf%ﬁomau@$02mwﬁ®MﬁEéﬁ
%@Ewﬁ‘%m%mﬁNmﬁgmﬁ&aa%mmﬁgéﬁﬁwamé:a
oY |
itman@ib‘ﬁ&DﬁEﬁ%m?%aﬁﬁ%%%gwam%ﬁﬁﬁﬁ
AL S HONBENT S Z EDNON 5.

69



1.5

| ® -
| ¢\\ A 10N
_
S1.04
U
[ e
Ik
£H0.5
Y AN AN S S S——
-300 -200 -100 O 100 200 300
SAERAIE, wm
(a) MR & O
20- ® 5N
| A 10N
= 7 > N e i - I
@ 15+ NIVO DRIEERRE
g ] ¥
#Pz “ 7/5—&—_ — s | e -
B A i
i
E ]
S
" 5 ‘ﬁ/A
& ] \
.

-300 -200 -100 O 100 200 300
FREKAIE, wum

(b) WIEIRIREE DA

3.10 TEIC Kk 2

70



1.5
_
S1.04
1
ot
4K
0.9
-300 -200 -100 O 100 200 300
SHERAIE, wm
(a) JHIEE & D i
25 —
i NIVO D O 1.0m/s
1 REBREE A 2.0m/s
=20 R @® 4.0m/s
o l
[an] |
N
15 \ D
] ﬁi
il Q\
Rt p—
Ezlo_
o
€ 5] | A
: )¢
.

-300 -200 -100 O 100 200 300
SMERAIE, wm |
(b) TS ARIR BE D 7 AT
311 TROEEICKLDEE

71



335 SRBREEOTE
B3 12ICIBIE N 2 B2 THIERBE 22X ¥/ & E OEHLEMIEICE
AR S B X OGBRARIBESH ORIV TRT. K3.12()&k D IR
JEAEEMT 5 &, HBHORER FICK O MBEEINEADT S ENDR5,

S E3.120b)k 0. WALEADME & = AT A 0 CIdb s AR EE 13N )L
7 OEBIEEREBELFRICEETHZM, HOMETRIZEA EWEIIEML T
WRWZ EMDN D, F LT, WREH OB DN TNV O fRRE
WY B AN, AR O R IARIBE X 10mass B R E THEITBIT/R> T b
ZEbhb,

33.6 HREHMEDRE

K313 ICIMEEE R —E T RO A 2L S B/ & & OEHLE IR B 1)
LR & B L O EIEMIBE A OBIC DN TRT ., K3.13@)& 0. Hik
METT5EMBEESNETEDTSZ 00N, ZHIRMEMETLZZ
CICEXVEWMBAOKEREMNLAEAY, HEOBMBEDHEML T
(19.0mass%). FERMICERBEMOMEMET LIz TH %,

(3.13(b)&k 0. {HEAMET UT/NVIV D OISR EIIHIN U 7228, EHLEE
IR BV D B ILA RIS OAMICIR S E 0 BN RLSNT, K3.120) & kR
E%%%&EotoZhﬁ\ﬁﬁEMMMMWHﬁ@%ﬁ%E:mmﬁﬁﬂé
W IEE 710.5MPa+ G (9mm?¥/s) ~OREEZRIT AT, ilE25C (16mm¥/s) ™ DKl
E%m@ﬁﬁméﬂokztﬁﬁﬁk%zghéoit\ﬂamtﬁw7@%
YA fRIBE NIZIER U T, I OWMR L 2 OBk E AN R 5 iR 25C
(16mm?/s) B & T F70.5MPa - G (9mm?/s) DEHLEE ISR 0D 5 107 AR5 52 3 A1
R, NV OWBERBEIRIZIERICTH 52, EEMOSENMEN, B
BLFEF10.5MPa GO B BRI ICE T ENMEZRL TWS ZEDM 5,

72



]'5_ A 2.8mass%
@ 11.0mass%

1.0 W

um

HIEE T,

-300 -200 -100 O 100 200 300
PERAIE, wum
(a) HIRE S DA

NIVY DSIRBRRE
—_—— 19. 4mass%

20
— ===

A 2.8mass%
]5‘ @ 11.0mass%
| O 19.4mass%

11.0mass%

2.8mass%

UL L L UL
-300 -200 -100 O 100 200 300
RBKAIE, wum
(b) I IEA R EE D AR
X312 GILAMIEBEC L5 HE

73



1.5

| A 25C
] 1\\ @® 40°C
_ i
51404
"
ot
4mK 1
0.5 A
04—
-300 -200 -100 O 100 200 300
FEKAIE, wum
(a) HIRE S Do AT
" NIVY DGR BRERE
| —+—=+————|—=—7= | 19.0massk
(@25°C)
— 11.Omassk
(@40°C)

A 25°C
® 40°C
e
-300 -200 -100 O 100 200 300
FREKAIE, wm
(b) I ARIREE D /AT
M3.13 JWRICk 5%

74



NIVO DBIRBERE
203 — === | 19.4mass%(@0. 5MPa-G)
19. Omass%(@25°C)

—
o
L S

mass%

—
o
L . i L

A 25C (16mnZ/s)
o 0.5MPa-G(9mm2/s)

R e
-300 -200 -100 0 100 200 300
SAEKAIE, um
3.14 [EBmOREIC L 5HE

MIEAERE,

(S 5]
L bl

75



3.4 FEE-ENFRBOLER

P X N 7= R & & R(3.1) D Hamrock-Dowson i & % s o rh R BLR &
ROz AWTHE -FEAEEEEHNL., ARITRUABBOBEICHKD LD
So-Klaus DS B> SN D VAR U 7= T RN A FTRR AN £ 5 B L 72,

a =1.030 + 3.509(10g v0)39627 4 2,412 X 10~*m3 1" (log vo)'*7

—3.387(log v¢)30975 p0-1162 (3.2)
T2 a  REE— ESREK (Pat X 10%). v, @ WL OEME L 2 I O Bhks EE
(mm¥s). p: WOV L 7z OBE (kg/m’X10%) . m, : BFESRED
1% % 759 ASTM-Walther DN HIREDSERTH 5.

315\ A F B THIE S N7 MR S & Hamrock-Dowson®D R EE & 2
FA W T H U 72 HFC-134a/POE DR FE — E /1 FR BB & USo-Klaus DEBRIIT L B
HEEE — E MR, E725% 1T Akei & Mizuhara VA3 FHEEIC K DRE L 72
JE & Hamrock-Dowson®HHRTHBLE S D & 1\ THHI L7 kEEE — EH KD
i aRd, b, K3.150EERIIAR R TOMEE S ORE RN £0.1um
THoEFELEEZORETH D, K3I5ED. ARRICKBME LD
KT So-KlausiZ R TZERA K E WD, FT-IRIZ & 2 HEE X ORERENN
ENENCIRIFIER > TnD, 72, WBEES ORERBENRWETEHERE N
7= Akei & Mizuhara D% 5 & So-Klaus DG R 130~ 10mass% TIEE < —H L T3,
A B T IIBHLAZ MR PR O ¥ VA fR IR EE A8 10mass % LA L IT/R Hiain o e T &
5. So-Klaus D EIRFUITH AR L 7= 18 O R B2 — 1 (RO B HHITHI A
TEBHEFAD

76



50
| 40°C
- 40T
g k
G o
30
2 *\_ So-Klaus
%
b 20 \
y - |
10—+ =
] @ Akei-Mizuhara
0 L A EKEER
0 10 20 30 40

AIEAFERE, masskh

K3.15 HFC-134aD¥EfE L 7= POED L EE — JFE 1 £-EL D b

77



i

3.5 #&
BAMFT-IRZ IV TEHARNOBHLIE Z EEBR TE 5 REEMAEL. W

EOE N FIAL T ICH 2 EHLIIR O MR E & B L OB A RRE 2 W7E LT,

W - TANDHEEREOHMBRIFICEZEEITOVWTHNEER, UTOZ L

PSR Too

(1) EHLIMBE PN OB IR R IBEEIIN IV 7 K D bK< /2 b, REREMHTIE
10mass% LA b DI REICIX/IR S iahr o Tz,

(2) EHLIHIEAN O A FRIBE O 11E. IR AICK o TR,

(3) BAEBAERD SEH S NHE - EREIL. So-Klaus DRI TE
DEALBRIPKE WD, BENEE %L BT % & So-Klaus ™ Akei-MizuharaD i 5 &
FE—ET 5.

(4) So-Klaus D EFXITHEFHS T OMEBHEICFATE 5,

78



F48E SEFTEAKTOESEHBRELEITS
RRERBHOHE

41 &

W2 ETO—4 U RS EREA— > EunTR OR A T R O BRI AR
TR E R U20Y, AT I A W R R B R RBIEE AT H o 72, E.
B R BRI RO EEBEO—DTHhH D, &IAT. BMUWERE
BHICB T 2 BERGEER &< 1)L RIRESEBRIC SV S B BER RN T
5 LREEIIIE LY,

2T, WIESHK T ORSHEIEREBICHT 2B R BB REE KD 572012,
HEBITIND =Ty 7 F 20 T 7 Ly 7 ARBgOEEEL T, W
BRI T CRIEMEERE L. DENCHIDR U RGBT & s
5T ET & 0 BEREBGEROHEE 2R A0, BIEHASHRS ., BEEEE
EERIZDNWTHERT S Z LI TERM o 7,

ARFFETIE. WIEES - #H - TROEEZ LD RHAICRETE S L DI,
FRERAMORBEEGR LD D2HICElEL THESHER CHEE N TE
BEEKZHEL. BEFSHAKT ORGEEREBICS T SHENERBROHEE 2
A A 23059,

il

= H

42 R B
421 EBRERE

B4, 1ICABFZE TR W B EIS G SR B T E R B, X421 OBENE X
2T, LoD BRBiidiERESRE~5MPa (5 — V) THBENELRIC
BHENTBD., BENOBRETEHEIL Fa L —F THEiaND. FPRHERE
ENBBROATICHBLEE—FYBLUORBNY D V7 2EET SiRHAKITK
D& S, FEHETICEE L 72 RIRE A TR U 7z,

79



B4.1 S BEANITIRS T AR



DU w > BBl
QESEE
QiK1 T
@

®F 7 A

®~Xo—xX3—Jb
DOEEZJRIER D Yy B
@A — K1)l
OrEHO— RV
@515RIEHN

4.2 BRI BT B EUBRAE O BENE X

81



FZ R TavZicid. @ERO—-XTr— )V INEEHERD Y RITT
7 2EEN, TRTENEEZADZECIOMBREHRIETNS, 2B, &
BAOEEATY RO —icRa—X—)IVERAWEDIE, L dBiRalT
Fe i U = SO N OJE DBRIZ, TNLSOFSICBEBOFEEZRT D720
<55,

FAZ MY TR ARZHIN Y =)V Ty =) SNz EREICI D T 5N TH
D, T—UEVUT RN S2ANUT, HERNEHHNLS, BELO/NS
WDCH—RE—F TEBIEINS., /2. Lo o BB cREL BRI,
REIMCRBELZ0THY —YR 0 — RV TREL 72,

K431, L dBRBEOEAREZRT, TARTOY 7Y F 25T
ZTXHANE T Oy 7 R EEREICHD 50T, BEAIERDO Y B
Dy DM EE T E SR IC/2 > TWBD, Ly DBRERh OHB A OFr=
OEBIET S ENTES, £z, W OBMEARENHER DY RO
g Fich B0, Lo dBIETE— A MRERT, BEHOANO—
RV CHIE S NAHEIT/R> TS,

82



o
OQF AR T @7 >F 2o LKz
@F A NTavy GIMINF

@7 1w 77 R Er R [aln i ®EEAElEHO Y R
4.3 Uw DBt Bays KX

83



422 HBRF

R44ZF AR TOy I BIOFA MY 7 OBRERT. BB OBIRIE
ASTMTHEINTVWS 7 7 Ly 7 ARBEARBRRADERAETH L. iz,
%xbfmvﬁ/%XFuyﬁ@MEm‘%%@N~y/nwuyﬁ81b>
ic & < VLS RTBSKHST (BEA) / NiCiMo#%#k 33 KL UFC250, K72 (R D 72
DIcT 7 Ly 2 AR R &R CHE T d 2SKHS1 (EH) / SNCM420 %
Wiz, #40TRBA OBRAMEE 27RT,

8.74mm
10m mi 6.35mm
@ ||
b4
FARTOawY FARKN) YT
X4.4 REBFEIR
#4.1 HEH O IEE
- YT oy g RS
ME (GPa) BT | HRCE S Ra(um)
> SKH51 /
gl (HEA) 222 0.28 60~66 0.05
v
SKH51
77 (tE#h 222 0.28 19.7 0.05
J NiCrMo&##k 118 0.25 47~53 0.05, 0.15
> | SNCM420 204 0.30° 31~40 0.05
7
FC250 92 0.25 22.8 0.05

84



423 &g - HELR

BB 2 TR S & U TN BTV HHCFCR OFLH 7 1 > R2B K
CRERBBESH —I7 2 %R ABRE S N TWHHFCR QT
O Ri34a. & 512, W - ARZEFRME MU 7 0 > OF 72 B T H SHFCHR
DR407C (R32/R125/R134a= 23/25/52 mass%) & R410A (R32/R125=50/50 mass%)
DO HEHaEE Z W,

F7-, RIS OMEEEZE L T, R2IZIET 7 T 2RI (NMO).
HFCRBIZIZRY 7IIFE L > Z U a—)b (PAG) BEORU A=)V T AT )V
(POE) &MV /2, 723, POE IId Y RBERMA (Y 7 = Z)VRAT = —
ko TPP. EIERUZLIIIERAT =— b ; TCP) OFRMNEZ 2L S B THENN
Ulzo F42ICREHHOYEZRT .

#Fa2 #HEHhowik

coppi | T () | @IS | ey
40C | 100C (g/em’)
NMO 55.5 5.9 0.922 4
PAG 50.5 9.9 0.917 184
POE 56.0 6.7 0.980 59

424 REAZBKORBREM

L TRER C R A ABRICE Y N UTHEBL, BER T TREND
SARHERG SIS A 2 TR VIR L, ERPICHRR T OEMEESLED 5720
WEICHER A2 T HRICHIB L, 728, EdTA U > 705
BN SREIC AN, 2. BAEERSAZHEELZNIEPLY SHEHO
SREAENZ TMSEREBLIBENEOEEN S, EEPIIAHNOBEE
J3. SEREE, MEZ2—TIRE, TROEEZELIE.

4317 EROERSEERT, OB X 5 EHH O ER T mio

85



BIEIC Lo TRMRD, e, BEEHOBEIMIDONTEDOEIIERT S, 20D
L EENCT DO, BIENIEE T 2 /2. AT Z ORERHA
LT, WE, AR OXRTE S, RBRME, SI0ARIRE, W,
WO - TRINE. Bt/ REORA GO Y 22 T TEREAREH
FL. BATRMBIBRELET KD, REHEEREBICBT D HAE
R DHEE 2 AT,

743 RN

L R134a
IRIEES 0.1MPa (HxtES)
VS AR R B 2.8 mass%
AVEHH POE (ZE¥RMI
THiiG 40C
i | 30N
T 7.3X10%~3.6 m/s
Ty /U TME SKH51 (BEA) / NiCrMo#F £k
B O R E RMS0.10 pm

86



43 RRBEBFRBOHTE
EETEI R B 2 R AR OHEE OBITIE, ROFMBEE fw) &
B/NTT B BRI 1, 0 IRETIPRBICB T 2 HAERBETHS LU,

flen) =l§1(‘ﬂci<ﬂb,kc> —,umil XSi) (4.1)

Z 2T, k. : Greenwood-TrippEE 3522 D Patir-Cheng DRI BT B M & D73 Af
DMEEEICET S ER. N BESE S MEZER. w  BEEEAE P
DEEFEEBIREL 1 © BEIRIRI (FRATME) | .t BRIE(RE (RERE) TH 5.
| ﬁ¢@&@%ﬁ%%&%ﬁ%ﬁﬁ%wﬁ@ﬁ#Bﬁéﬁ@ﬁﬁﬁf%%t—
HTHEDICHANEEATH S, 2. K1) TIERRE S N EEREDO T —
5 RBANTREICE > TEBRRAZHL, ZORBRKOMEE 4. ITRA LT,

44 ERER
441 FEROEHE(E

4.5, 4.6\CEEYESRMETOERER, BIOGHIBERZ AW TREAHEBRD -
B R BRI R R HEE U2 R 2R T, ROMENIIEZER T, n o WHENER
U= BHII DRSS, V0 SROBEE, w: BANEY 2D OWETH 5. B
ERENCTHEIC Lk BRDDE. 1,=0.124. k=0.00066 E7x>7z, Tz,
C DEEBREOIEE R O B R 0. 125 L IFIE—H L .

87



16
144
124
.10
.08
.06
.04-

.02

16—

. 144

1 \< 0.00066
-107 Kf/ )
.08+ /& \
.06 SN

] =0.00050 \R\
.04

.02:
| N

LU

0 | T T TETTTE 1 T T LRI T T TTET T T T T
1x1077%1x107% 1x10°8 1x1077 1x1078 1x107° 1x107™
nVvV,/W

B4.5 SHEROEEED I Wy, OHEE

] 0.
12 i %t@m yd

=~
11
(=]

0 T T TP L ] T TFT 1 LI ] T
1x1071%1x107% 1x1078 1x107" 1x107% 1x107° 1x1074
nV,/W
K4.6 EEOEEED LIk OHEE

T

88



442 TEOTE

B4 7\ E I & 2 B O 2LB L RS IS O R R BERREEHEE L
PEERAERT, MEMNEMTSE, AN TARNy JHIBNEANBEHL TH5,
F7. 60NDEBHFEEIT O TRA B QR RS R OHEE 2 il A 7208,
EWECHENRBETH - 0 RPCHEZITBY >z, Ll BEHEHE

BT DWW TIE3OND A ERFFIC, w=0.124. £=0.00066 &7 7z,

443 REHZOFEE

[K4.81C Bk H D RE 12 & 5 BRI OZLS X ORARE B OS5I R BEIR
BEEEELUAEREERT, BEMINEMTEE, ANTAXRy ZHI#RA L
BB LTS, F/-. RMS0.25umDEBRHEFRIC DWW TIRE B O T EE
%ﬁ%ﬁ%bt%%\wﬂuzkgmmm&mb\%@%ﬁﬁﬁ&~%tm%
5% SRR O BB {5 500.130L D BEFRWE LR o 72,

89



i szo' 124
.02+ kc=0. 00066

- 16 1 O 30N
14 ‘ X 60N
1225880
1 X x
.10 ] A X
] X X 30N FEAR{E
.08~ ﬁ%\% V 0. 124
06 , — kc=0. 00066
| oon mEARE \X{
04 fEAR (A

X\

¥§§§11I$299

0

1x107% 1x10°8 1x1077 1x107% 1x107° 1x107*
nV,/W
4.7 TEOEE
16+
. 14-
] 3% xk RMSO. 25 f##friE
12 2 o
. ] Mb—0.122
104 %\t(::o. 00140
. 08— RMS0. 10 fR4F{E K X
.06;_ Mb=0124
1 k,=0. 00066 ii \
.04+ 3\ Si
.024 O RMSO.10mm 8\ S
o X Rus0.25 © 088
H L L UL UL L
1x107% 1x1078 1x1077 1x107% 1x107° 1x1074
nV,/W

X4.8 REHEDEE

90




444 BEBRHHEOHE

[4.917 3B B D BT & 5 BRI D28 (6B L VR B IR D 51 5 BE R R A
e Ui A, RO, SKHST (BEA)/ NiCrtMo# 8 & SKH51(44)
/ SNCMA20 DA &b wid, 1EIER UBEgR 2R LAY, SKH51 (BEA)/
FC2501d B W EE Rk A R L7z, E72. SKH51 (BEA)/ FC250 DFEBIRITD W

TR B 00 LR R A M L TR, 15,=0.135, k=0.00130& 75D 72,

O SKH51 (BE) /NiCrMogkEk
X SKH51 (&) /SNCM420
@ SKH51 (4% /FC250

0.16
0. 14- ,
1 SKH51 (#5%) /FC250
0. 124 & R iE
ny=0. 135
= 0.10 k_=0.00130
* c
2 _
gx 0- 08
o 06
1 SKH51(8) /NiC
0. 04 f&4rM8E
| w,=0.124
0.02‘;‘kc=0;00066 kg , & 20
) A N TENS_— e S S
1x107% 1x1078 1x1077 1x1078 1x107° 1x107*

nV,/W
[94.9 BB HE DR S

91



445 AEBRBEDRE

41012 LR ) 2 2L 3 7 & & OO LA AR S 1 & 2 RS E O 28 B
ORI O 55 R R B A HEE U TR R AR T, A R EE A BTN S
%o, HRHIOMEME R TSI E1ED. A T ARy VI EABH L,
R A I B AT T %, E72. 6.9mass% & 11.6mass% D EEHRFEIR.
EERCBEAR L. T0T, 116mashOERERICD W TR AMIERD
1 R BUAR A HESE U 72 RE S, 14,=0.118, k.=0.00066 72D 2.8mass% DI
Y D BEARSL L D BIRNE & T Tz,

0']6; O 2.8massk
0.14- X 6.9massh
] °%§ggx @ 11.6massk
0.12- S ; =
j 11.6massh fEHT{E
5 0- 107 0=0.118
b 1 k =0. 00066
%0.08‘ g ¢ ]
ity 06 ;
1 2.8mass% FEAT{E
Q'O4f“ uy=0. 124 i
0.024— k=0. 00066
i 0
1x107° 11078 11077 1x107 1x107° 1x107*

nV,/W
51410 IHIEAHRIRE O

92



446 SEEHORE

411 B A L7 B E I T HECR I ORI » 2 2 bE B &
xR DT LA T, EROBR, A N T Ry Z SRR B
b b P R U R R R L, T30 ORI TR T 2 &
mmmm%ﬁﬁf‘%ﬁﬁ%m@ih%7v%ﬁ%@%éﬁﬁ&haﬁbéﬁ
oI, Ty EOEESECENB o R EEALND, F &
0 S BT S & AEHICH T 5 1 AR 0 27T 2 7
5L ETFEEIND, | |

1 O R134a
| X R410A
@ R407C

| Ri34a ﬁ@ﬁﬁﬁa’/)lg&
0. 049 =0.124
0. 02— k_=0.00066

1x10°2 1x1078 1x10°7 1x1078 1x1075 1x107*
nV,/W
411 HIEREOZE

93



447 TMBORE

241242 B INFITPP O TR I & 2 BB O L2 R T, Tab. JORR
DL TR BR F O H L S AIRMS0.25um D B D & N7z, TPP DI MED
BINT 5 &, ARTA Ry RN TABHLTBY, TPPARREICHRNS
NEHDIFE, ENEBEEERT ZEBNDN 5.

41312 INFITCP D TR & 2 EERRE D2 L &R T . TCP Omass%8 &
106.0mass% & HBE T % &, 1.5mass% & 3.0mass % B W B 2R LTz,

41417 FRIFITPPS L OTCP O IR 22 S B L &0, REMBEBICS
VB 5 AR O B K DB R B O BRI AR O 2R T IR G
BT BT BB R R R O HE EIE, TPPCIRRInE OB n T L

7 2%, TCPCIEIRINE3. 0mass% THR/NE 720 72, Fiz, HEE S N7z IR A 1 R
 DERERREGL. ERER RO T B BE L. TNED BEL
EDBZEND > Tz,

94



0.16-
0.14-
0. 12— 8§ g2 ,
%EO. 10: 'Jé
EOJS: a
) 06 gt
| : o ]
0_04*0 TPP Omass¥% ®
{ A TPP1. Smassy 8
0.024 X TPP3.Omass 4
0>0 TPP6. Omass% é
R LA ! | 1—'”"”
1x107% 1x1078 1x1077 1x10“6 1x10‘5 1x1074
nV,/W |
K4.12 TIDFITPPIC & 5 BEERE DL
0.16-
0.14-
0. 124 ﬂgxégt@
o 0. 104 | g%gg
%OJ8A g
o 06- 8
. 0 9
0_04_‘0 TCP Omass%
‘:A TCP1. 5massk
0.02- X TCP3.0mass% 8
|® _TCP6. Omassh ¢
C1x107° 1x10°8 1x1077 1x1078 1x1075 1x107

nV,/ W
413 FINFITCPIT & % BRI D25 L

95



—e— TPP(EFRBEBEDEEFRLD
—a— TCP (E BB D EEERED
-o- TPPCEAMBEOHERE)
-2~ TCPGE&MBERDHEE(E)
0. 16+
0. 14
0.125*\\: M:t_%:{;&%
50- 105 e e
ﬁo.os:
. 06-
0. 04
0. 02+
o 1 2 3 4 5 6

asINE, massk

K4.14 FINEIT & D8R ERERHOHEE M OZAL

96



448 W/ HHBORE

415\ %L B O A S OB AL E B L EOERFEREZRT, 3
ﬁ@ﬁ&ébﬁ@¢f‘mmmo@%%ﬁm@@%ﬁ%%btoit‘
R134a/POE & R134a/PAG (FIFIEF UBEE 2R L7208, S EIBIRICENT
I% R134a/POE D N B W BRI 220 L 72,

X416\t BB oA D E RS I B L EORAGEBEHIIBIT S
B R E R OHEE M B X O R O BIRRR O L ZRT . R22/NMO
O I D B SRR AR SR O HEE B K O S I O BB R & B 1T
SHEOHAEDOEOHTRBBEVWMEEZRL 2, /2. R134a/POE &
R134a/PAG TIE, HEE & 11/ 5 FEEHMREITIR FERR O IR R L D BN

& 725 7278, R22/NMO T3S S 0 BRI 5 & IR E—3 L 7.

0.16-
0. 144 3?@ ¢
| S &g
0.12- o 2
] r ". §8
0. 107 ® 8o
R g 'ﬁ
B ] .
1 ]
8. g- 3
8 o
0. 04
1O R134a/POE ]
0.02- X R134a/PAG <
0-0 R22/NMO g@
M T AL IR
1x1091x1081x1o71x1061x1051x104
nV,/W

K415 i HEHhOBEA S ORIC L B EEEOZL

97



155 SRR BB D BEFR K
RAMBROHEE

0.16-
0. 14~
0.121

B 06

0.04-
0.02+
0;

L b

R134a/POE R134a/PAG ~ R22/NMO
bkl YRt Ly
4,16 WL/ FRHING & B BB R IL OHEE E O LAY

98



4.49 REHEE OREBE,

%ﬁﬁ%@ﬁ%ﬁ%$ﬁm<9#@@0@%®ﬁ%%t9mf%ﬁﬁé%m
ibkﬁ‘%ﬁﬁéﬁ%mbmﬁatoit‘%%%%tﬁéﬁ@%ﬁ%%w
w%miDﬁﬁéhkﬂé@%ﬁ%%%*%ﬁ%?éﬁﬁhﬁ\ﬁ%@%ﬁ‘
bl TRINENC & BB o s, REHSITD WT I RMS0.10um D
& % .=0.00066. RMS0.25pm @ & & £=0.00140 &720 EEH S OHEIMION
Th%%%btobkﬁof‘%@%%&ﬁ%ﬁ@%ﬁ%%%%&bfm&h
%%ﬁﬁ%:amib\ﬁéﬁ%ﬁ@ﬁﬁ@@%ﬁ&ﬁﬁt%ﬁﬁé%ﬂﬁf
ELAHEEN D B

45 B B
s &R AR O I £ D HEE S s, REERIRBICBY
2 1 RGO, IR MR O BEARE & D BRI SR S RN < DD
e, T ORI R RO TRV SN D TIHEIEEIRL TN B.
sl RN A BAN—aRnET B e, BTET VN
LG BEAEHEAE A HTLBA. APIZE CIREERREN BT HRHRDND
nESNEZENS. FEA W ETIERE TH oI EE A S,

99



46 #& B
BIEEES T 7Oy 742U TR T v Loy 7 AR 2 A THlE &

N BEEURR I B K OVR SRR & O ikic k0. BRL w D BIRTE - A

IR PIE T QRS ERBICB T 2 B R BB EIC S A S REID W TH

NR=FER, IFOZENHSNTIE> 7,

(1) EBfE SRS EE TR R O LI X DHEE S NRERIFRIRICET S
B R ERHR RS, RN O BRI BT 5 BA L. ThED BN E
DIFEIND > Tz,

@) TOHBECE D, ERAMITRE RSN EHORET. Lo SBiH
BROEEH O E L DFIICIHETE S B A 6N,

(3) B SR A EBMIER O LKRIC KR D, REM S B CE 2 IRtk
H5.

(4) HFCR IS BEDFRRL DB WA EIC 5 2 2 8 ITh S,

100



HEEE AN— ARG ERRTORERIRGL

BLUOHE S L—- gy

51 # =

KBTI, 2 S TIFE L 0 — % U SRR 0 R — > SR IR
AT T T AR, RO — SR O E & OREERICY S 2
L b LTV O &t B nic, BRHEFIEIT &5 SRR ONE Z
. EA TSI & O AT o 20, e, IR LD X
oSSR PR DL DV TR,

52 RERAE
52,1 BRIEPUE

551 1 IR O B SR I, 52 1IN S 1T 3 v & R VAR
T, R BB TREME Y, n—U T ERA P2 42.9X25mm D
bR T, TS DAR— - OV 2T E A kRIS R A
HILC. HE AR i & IR BRI L 7
| ERE TORRNAEEREENET BRI, (HAEE (B) . S Ra.
Rb) . P CHEHE DAL (V) ORUEARI S 785, A4 B
WU T . NS T E S SRR /B, 0T, BUNRBERE
LA B A B DI AT B BERR B DA LRI C & B
R BT, BT A S O W ERS O R o
b EE. PR TORRM RO & bEE. AR TS
SO I 02volt & Loy 7o, — [ 04 I8 B & HER B A 35 OVl
SO DR & oD, AN & DR .

101



232 x7 b
Bt

Tamwz 777

5.1 FESRIEHTEE [EE

‘I~ pesfmr ) §
T (o) il }::::::::::-C5,__-
' -1
s =l W
e
o] | E:::_:::i::-zjj-ﬂ——
I,E;Zﬂl | \ \'3’%@, |

5.2 N— 2R

%m.@%%ﬁm%%w&
FIH(Q) 0.1~10K

SBEBIT (V) 0.01~1.0

102



522 REBIUHERME

5.2, 53 e:%m%hmﬁ*ﬁ%@%ﬂ‘iﬁsctzﬁiﬁiﬁﬁéx%#%n?@“o HCFC-22/
75 RPEME A WCEIR L, HHEES SR E 2 LS .

AT 2 BT L B A, T ORGSR & R U
SHETHD, TEMORFEETIA - HHT R EOFEEIRE, Bkidzo
EER IO - AT A O S TEEICER L T2 ERGE LT,
Eim, NSRRI OB BRI 4 B CHEE S NZHCFC22 S Y T
REMEP S T DRSS TR BV 5 S5 BER L u=0.116 2 M7,

#5202 JEHHEOR T

) R, m 27.0X10°
A A, m 21.45X1073
EZA N PEE r, m 16.0X10?
EALOES [,m 25.0X10?
N SR r, m 6.3X10°

R—=2DEEX g, m 4.7X10°
F S E o, m 0.1X10°
R— > OE & m,, kg 23.9X10°
VA OEE m, kg 125.0X 103

53 HERZRA

W AJE S, MPa (57— PIE) 0.48
it HEH, MPa (57— P )L) 1.63,2.08,2.45
BRI, rpm 2400, 3600, 5400
it HCFC-22
e R F 7 5 R UL (VG56)

103



53 RBRERBIUEER
531 —EEROEBREOREL

5.3\ HUFE S 2.08MPa. IS 3600rpm RE O R — > AR O R R, #
HEB & OPVAE CRERERES X TR0 HE) OfFTEE~RY. BAE0
2m°fﬂﬂﬁﬁﬁ%”ﬁb\%@%%ﬁ%b<ﬁofM%l&ﬁ%i%héo
CE T, R R OPVIERE 2 S Ol TR/ MEE R T,

05,417 SEHE A — O JE s D B B AL OB RS R AR T, TR, A—F UL
He DI IR 2T O BTN — > & 0 — U Y T EX b ALEITEML T
W5 tﬂiﬁéh“cmf:ﬁi‘ 5.4 & 0 e BAT O HER, FE M & B EHR DR LT
WA FOSEEICEHN TWAZENS, "= E0—1 Y TER M HBES
PRI H D T EMAS NI T,

Z ORERSEICBWTIE, ik JeBi o R BMNFEEL TN, C
@$%%ﬁﬁ%?éﬁ%ﬁ@%?%%ﬁ T DOERELTHEENIEAET S T
. MBI AN0.04VT H B T &L Einh OBEAEAD0.04VEL DEIC
FLHITNE NG, AP TIR02VAJEEMEAL, 0.04vEREMEBENELL.
T, PEENOEEIIRETH D b OO, EERITIIEMBAINS W

J5 18 SRR & B A B

5.4/ 5Hl A E° £270° AHE CEBHMMNFEEL THDE I ENOND.
551753 R — >R O S B HMER O R ICB W T, B UEIARE TE
BRSPS AMEE R L, BEERERS R LTVL I ENDND, £,
U0 D BRI L Wil A 2707 fHE &2 BRnW e &l ICBWT, Ly
> B T 0 BLEE HEh A 1T & S BEIUIR AR O 2K BUB R B A AL VR E TR 2R
ERLTHD. TGO BEEIRES B < L TVD S B A 5.

104



= 12000
~ i
_— 3
10000-
 8000-
S 60001 - — q\wm\xz
V) ]
i 4000-——
IoE R
= 2000-
i |15 IR NN SENNSNR RESESS
0 90 180 270 360
HAE, °
(2) N S HESRTEE (FRATAE)
34 I
2§T&Uﬁ§
=R
e
‘EE( .
-1 N
e ,/// b \\\>
¥ B ARE
— 3 T
0 90 180 270 360
AR, °
(b) N— > SR O (AT
500
_$400; r.\
2
3 300{L ol .
(a ]
Sl N\
£\ .
= ]
2- 100
0: ...............................
0 90 180 270 360
AR, °

(¢) R— AR OPVIE  (FEATE)

£45.3

105

B T AT s



5.4 -l oRmER QUEE)

40-

30~ \(/’/\
& 20
m i
e

10

1 EEESSS AN UNNUSN D
0 90 180 270 360

EhEE, °

55 N Ao e mElE (ETHE)

106



532 MBEAICKSHBREDZEL

5.6 (oM HE 7 2 28 S B2 58 OB OJE MB L & EEMER O
I OB AR T, B5.6(a)~ )&k D HHIEH ORI D N — > Sl
BOMIMC L D EMEBEMNETL, EEROBSENENT 2ETEAS
NTNWS, ZOEIMEIAIERS.6d)ITR T REZEAROMRRICHHN TN,
Fi-, BMENOREEESIBEMBEOMATEZ T2 &, SEEMOE—
DAEBENE L =BT 5 I ENON5,

533 EERECKLSEBREDOE(L

5.7 12 [l B & 2840 & B /- B & O BB ORE BB L UREEMR O
fEME O R T, ®5.7@)~b)& 0. BIHREE ORI > TRMEBLLN
BINL., &EEMOBMENEDTERTIMEASN TS, Z OHEEFIL
5 7)1 R R R ORI b BN T 5, & 0T ILHEN 02k
&0 b EEEEE OO PNEMBEDOBERNI W ENON D, AL
HENEL OB IR, BIEMEE. BHREMEENKRE 2L ZDIT
WL, EEEEEROBARENSEEIR U T, A AREOZRLD/HAST N
O TH5,

107



180 270
WA,

(a) HHHIE S 1.63MPa (FIEfE) (b) MEHHE S 2.08MPa (U fiED)

50 I
- 2. 45MPa
\

90 180 270 360
R, °

(o) WHIHES) 2.45MPa (HISE ) (d) BIEBELER (RIS
5.6 I HE 17 & 5 B AT ORI 35 & OV I e DT i D2 L

108



0 90 180 270 360 0O 90 180 270 360

B, O mAEC
(a) AR EEE 2400rpm (U H) (b) lalHRH EE 3600rpm  (BUEE)
50+
/2400rpm
: v AN \[:;'/ \\ /
E_,//VK\ 3600rpm N
5400rpm

90 180 270 360

wmaEc s, °
(c) IR 5400rpm  GRIZE ) (d) EBEREE (BT

5.7 (AR 1T & B Bl A A DT B 5 &k OV A 2R O fifr (i D2k

109



534 SBEMZIEOFME

ZOTC, HERENICB YT B SR EMEIT DN T, ERE SHEATE O R
AETD, |

SRR OMMTEIL —EROTFEEE AN, £z, SEBMRONE M
OWTIE, UAFoEEICEDERLE. £9. K58 KBTS EAFOHHR
(X b) K39 2 RS o0 IREEI & & RPN K B eE MR s Lz, UL,
B AL OFE AR RIS DWW CIT R D2 b, RTEBR(LRTS & OIUE.
PPROBEENE, M ORAEST-PWMAR EAHET SN LA, ERIITILIAREIC
TNTWRWV, 22T, BEEMLD bSBEMEEOHENRRENEEZ 5N
AT CEMIE S 5 720, 145.9 1R TR ORFEIC K 0100 Q 2 Il O
HERUE S OE U IEPIREEIC K B @m iRz R, SEMERoZbo—H4
2510 12T
uxwﬁﬁk$Dﬁ@t@ﬁ%@%@%i@%&U%ﬁ@@%@%%auK
&Y. K511a) KD HHEH OB, WEMOTNELREIRE N, K
5.11(b) & 0 [HFRHEE D FA LRI S F 0 RDENAN SRR OEE
MEMOFNAREN, LT, M511a)0)EB 5 0HAb, HERHEiL D HE
FESIE O B AMFHT I B o THB D . E B & AR I —B L Tz,

110



FEi%AL
0.2V)
H AR
(0.04V)
K58 <pEBEALEOR ML
0.2

S )0 S —————
L I 10 100 1000

BRI, O
5.0 BRI & BRI (i O B

111



EMERE,V

0.20 4--1
0.15 3 it
0.10 4
0.05

0

() BERRSERL D2

.
&
ﬁ
&
i

(b) HEALHL D ZAE
£45.10 I AT & M HHT O ik

112



.
S T =T Y
= ] <;aufg1ci/
4 60
B / / B
W GHIEfE)
& 40 A
4
] ]
20- fRATE
1.5 2 2.5
HHES, MPa
(a) HHIE T K 2@ EE =R OZL
1007 R
_ (HFESE)
80-
3 60 o
= R i A
K GHIEfE)
i 407
4
_ vel _.
20- AT
0-— \
2000 4000 6000

[ElEREEEE, rpm

(b) EHREHE T & 5 BB HEMEB DR
X5.11 Sz g

113



5.4 BEGEFEHELBENIA-FICLDYZalb—2ay

T & U7 RS T HCRC-22, T 7 o > RBEh 2 fH U747
WS RIEM IR TH 5, TOMTIEERS 4, MITEHERSSITRT . &
5.5CIEH - MAFENEA —DENTH O, HIFH O EZERENTIT H 51
BMORKRRETDH .

KIHT T, AR AU OB HUIAR— O M2 D T A ORE OB
BB AR LT —0.100, 7. A > SEiiit e B RSB R B S 4 T CHE
B X NFZHCRC22/F 7 F > REhHEFL T OREATHEIREIC B 2 ARG
¥u =0.116 2 AWz,

5.4 JEMRORTR

DU F N, m 22.0X10?
AR ¥R, m 17.8X107°
EA RN 7, m 1335X10°
EALOESE L, m 25.0X10°
NP r, m 6.3 X103

R—=YODOEX g, m 4.0%X107?

EIREH S o, m 0.1X10°
N— 2 OE & m, kg 16.5X10?
EAR>OHEE m, ke 84.9X10°

5.5 fRMaH:

ESUON 4:1FB
M-+ 7, MPa 1.27 2.45
W AJET], MPa 0.19 0.19
|l Bz, rpm 3,600 4,500
T o E, C 60 80
H I D SRR, mass% 8.8 11.8

114



541 BRIFDOE#E
Z IS 5O EEAE TV, BSFERRIZ Y — 2 A5 —3 a3 > TR0
HTHoT,

54.1.1 N—SciHRiE

R SR E O SRS R O — 1 2 K512 T, iAo ° . 180° THE
MATy TRICZET 2 D1F. ZNBOMAETR—2 - U VIO
DI ENPFET B0 TH D, iz, WEEENREVOEAR—AIHE R
B Z0100EMRE L2200 TH B, 5B, WAE270° MR THENMREL T
WA, ZHUEZE A k2 OEEES I U TAR— 2 RIREBIE N O ENED D
CEick D, R—USHMEES O LMERI DL T B0 THD, FHE LR
LUTHRBETH 5.

0:|\|1|‘|||||l|\lllll
0 90 180

AR, °

B5.12  HALIEYS 72 D O — et B

270 360

115



5412 HEREERESEOERE
Nw?%ﬁG%QEE,TNDEE\Wﬁﬁgwﬁ%%%@~méﬁiwt
R, ZZC. BRABEE AR — R OEE EICEE M A s S IAO®EE, TR
OB — A & B A P AVET & ORI BT DT D,
FEILT RO EEED, R—=2EMICHT2EX N OBEEEZNAZHKETDH
B, WHAEED. 270° fHETHIAREMNFIT/RSD, T ORI E TIEAR—
R OFEHIREEII N D L <Tao T A EFEA LN,

2.0- |
] + AU EE
15 /M\‘ /
/ \
/ \
\ //;
\ 4//
iEpapdicy \
// \
\!'—-
N
........ o o B N R

AR, °

513 FLAHE P50 OO T 1

116



5413 N—SEimEOERN

R SR DB N 2 514K S BifA 90, 270° AR THIAMEE N
B EDIT, TIN5 OAETERINKEL> TS, o, WAL
180° fHE TIZBAEENE N =0T, &EROERNIC D SR DB
DEIEMNE L 125> TWBH, TN OIS TR BRI K 2 BRI DN ERE
HOKED 2 EDTND I ENDD S,

117



5.4.1.4 N— SO pyiE

N2 e OPVAE (GBI O SFGIES) X BEAURIC BT 579 0 M)

X5.15127R 9. AR, 270° fHATIT RO HEENFIT/LD7Z0DIT,

A ETPVENNE B> TW5S, FEHIT,

MREL IS TNS,
100”
80-
~.
= 50 ,
o 40:\_,//\
i | \/
2_0; \
)} A S I S
0 90 180 270
EhEEE, °

IS Ol E DOHIER TPV

B5.15 N— SREEROPVIE

118

NG

S M

i



5415 N— RO SEEME

N P O & SRR & 516107 T, 5,14 DEER ) O b E R,
BA B AN SR 1T 72 B 4 EE00. 270° AHEICREHEMERO - R 5N 5,
F7-. A0, 270° DS CIEEIERBIZ < )L RIC/ B A%, £ O ik g
& T OMAIE TLB/EME > ZRSHBRETH 5 2 ENbh 5,

10-
0 ] LR T e A T N B B T T L | S S U I B
0 90 180 270 360
AR, °

BS.16 o > JI R O R el

119



542 ABOBRREORE

FEMERE O —[ElHRp . W ORI & — i & L7z BB Om OB MRIREIC S
2N SR DB O R KIS 1TIOR T, & TR RIEAZ ANz,
F7z. WO RIRE,

(1) A7)
(2) WM AJEJ) & FE ) D357
(3) () &EQR)DSEHES)

TINS5 ETHRMRL L EDETH S,

W DU ARIBEE S BEIN U CRIE M ORI E AN A T 5 & AR DB T
AEEINT 5, AL, 180° TEEANAT v TIRICEELTHDOE., Znod
B JE TR — TR EN LT A0 TH D, MAAE180° TIIIAMIRED
BN DN TREOBERANED L TnD, JHUE 2 OB TIEREAREEN
—[EEE P TR B EVIRIEICH 5O T, INEOBEMRENRE <, HiEHORE
DMEN EEFE, RS OBBNIVNE T2 20 TH 5,

5. 1817 ¥ I DI FRIREE T X B N — 2 il OPVIE O & 7w . Ik D
FRILE OIIMC DN T, PVIEORMEAML TN D &b S, Fie. &
WD IR DN < 72D & BAE0, 180° MNIEICKE/RPVIED E— o BN
5T EMDON5D, "

120



I
:ﬁﬁgﬂ%’%g
.RSOO’ (1)2.6 mass%

i ; f&ﬁ%\\ et |

() L] [ II [ 1 [}
0 90 180 270 360
A, °

< 600 |

1 (3)8.8 mass¥%

_R'SOO,

%400§
8 300
200*

—m /
lnEE 100,/

T T
1 (2)18.8 mass%

i

0 90 180 270 360
WA, °

180 270 360
AR,

5,17 DIEOBEMIREIC X BN — 2wl o g ) 028l

121



200-
» | 18. 8massk \
o )
5 _ ,
= 2Ry
jmj 100 -
= i 8. 8mass% h
1y RPN 2.6massY ,/ AR 7
1 " AN s Iy N2
0- "-—-Jr%? N

0 90 180 270 360
A,

B15.18 IBIL OB K B X — S o pviE D 2L

122



543 REHEZDOFE

FRATSAFA T H T S 228 S/ & Z OB 022 51917 Y,
HEH SN T DI ONTERANEIML ., T OBEENOFE A EDREEARIC
EBrbDEMmo TS, BIAKRENRIC/RHEIAE0, 270° fHEICE—2 )0
HO. FEERENHL </a->TWhd,

[®5.201C BRI X IT X B R — BB OPVIEDZELZRT, RS O
BNz ON T, PVIEOESMENEEIML TWA ZENDbMN 5, £/, RMS0.2um
~0.3um FICHAT, RMS0.1pm~0.2um O F PV DB R E N Z &»
5. ZOMICTEDR b LEREARIAHINEFEET S EEZ 515,

123



£600- ,
= pmTigma
500

e 1 0.Tum

B 1 )
R
8300' ]

.ﬂafﬁi / . VY

, .
180 270 360
e,

£ 600-
= ]

_R'500:

ﬁ}_{.‘ ]
&&4005
‘ EBzoo;

1900

=1 e

I8 100 -

nto S

PEE

0 90 180 270 360
AR, °

E 600-
= 10.3um
gz500E

|-(. ]
L&400§
6300;

412002
..m

12 10 - /////

?m{- 0 —! 71 (il T I

0 90 180 360
BB, °

K519 ZHEIICL DN — 2 EiEoEER T D2l

124



RMSO. 3um
300 \f/ : 7
sto_ -
= |  RuSO.2um \ /J
C:«_:ZOO‘L\ >&\ /
= 7
-150- )
]
= ]
a- 1004
50-
] RMSO. Tpm
0+————— P e
0 90 180 270
HAE, °

K520 ZEHSICEDR—EEEOPVIEDZEL

125



544 N—2EmEEORE

BTG AEAT AR — e b R L S Bz & E @, N— 2 Feiml o i/ i
BEx Db a s 211RT, ,

R S SRS B & S/ MIBUE S RIS B, CAUEA— 2 Sed
DN U CEI BN K E L o a2 &Ik D, N2 Fm i EA b
> EOBEMEARIML, MEAREINBINLZEDTH D,

[05.0210 R 2RI KB R— R OPVIEO B (L R T, N—20
SHOEEE OB NS DAVTPVEIZIEIN L. PVIEAYER 72 5 i E ORI TRIZH
WEZEIRT Z E0hh b,

O IlllllllIlllllll|II||III|il|Il|}l

0 90 180 270 360
AR, °

RS20 N AR BRI & B SR O R NI & D2k

126



100-

80

MPa-m/s

PVIE,

0 90 180 270 360
WA, °

X5.22 N~>%ﬁ¥%ﬁiéN~y%ﬁﬁwmﬁ@%m

127



545 N—2HILMEOThORE

N DRSS 230 & D12, U AR BTN & & DR— 2
I DAL & 524107, I O TN R EBE FH W TRIT 217782 7z,

R—=2MN2 ) 2RI U TIRAR (+25%) 7 SIEHEH (—25%) 129
N5 &, EAEI80° LI TIIA— 2 EMmEHANRA T 5, ZiidhfE180°
LI TIIEMERICE 5 3N B X — i OEEN L, EREE O A EIC
EABAR—VICEMEONNEMULEZDTHS, Fiz, MiMmE270° A TH
HOEHL TWBA, Bl Lizd D, SHERCEUEBSRTH S,

15,2512 R — RN TZ & & DN — R QRSN DL R R T,
N2 2B IR LTINS T TR — e E AT 5 &,
Wil BE180° DARE TIIBEEE A NN DIEDT 2 T ENbnd, Fiz, K52612X—
SHUDRINTIN I & EF OR— AR OPVIEDZE L &R, B &[RRI,
il EE180° DARE CTPVIENRA T 2 Z ENON 5,

2 LR
0%
—25% | +25%

N R |||
—25% 0% +25%
;;Ai\zl//7k\\ ;
i ikt 1/ mam

523 N AUDERNTS ) 2 S LD 5 T

128



14000

- +25%
& 12000 N v
=. ]

-10000
e ] \&
%% 8000~ AN N
T 6000- ‘ FM{G
b | 0%/'/;>\\\\
8 4000~ e
T sy |\
B 2000-
[ N WS IS S
0 90 180 270 360

AR, °

K524 N— 2RO TIUC L DR — 2 emniE 048t

129



244

wh Y S
2 3
T o
/

\\

A, °
= | O%

\\\g

A

0 4N

BRESYDE
o \\\\\\\\\7\\\\\“
B X

I
A, -

-

0 90 180 270 o
WAE, °

525 N2 HULEED TN LD R — SR El O EEE H D28 AL



0 90 180 270 360
AR, °

K526 N— RO TNICL D XR— R OPVIE DL

131



55 ¥ B

A — & U S BEAE O N — > S ORI DT, SIS
P17 & B 4 R AR OIS B & O AR TR IR & B 24T o 7 KR, D)
TOZEMNHSNIIE - T,
(1) TN & 5 FE BRI & R AT 12 & 5 WA FE ) 5 & OBt O 7
T B T R, I LB R L., R B & O
P, O ) SUS I ER OB R R T E B,

E WSORDOFIOVTIEY I o L— g YR iR T OR
aHEE MG SN,

(D) I OREAMK < 725 EEMRBEMIC K S EBRAEML, BIKEm<iasd &
FARIC X D EER SN BEINT %, BENNER/NEISDRESEND S8, PV
lEZZ 5 EMMEFESWHTRE N,

(2) ZEHL X 0.1~0.2um D TPVIENRIMIC ALY 5720, ZORIIN— 2B
OO 27 R b Y OTEDA b LR K S A 2,

(3) R AR < 155 & MU S IR L. PV B,
(@) R— DY 2 FHUITR U TR 9730 % & = 2 Salimfil BN D -
PVIEIZHAT 5.

132



ABEIT, T BRI ORE L LTHED 51T 0 3R A IR 2
27, 05 U B BUEREEO < — > e ORI 2 U S I L. ISR
S ERE AT T L EEME LI b OTH B, AP TE SNIRERIT.
HFOES CERE NS, |

w188 TREE) T, FEEL DRI - EEHRIEORIEE LT N TS
FRERT O 04 YV EREAEAEEIC D, BEEOMb D E75 53R
£ 0 A DA AER D OB B, R A AN ET 0 TR
PRI H B T D TEREN L 9 D BIER OB - EEERIA. Wi SR S0
B DR AT S o T WA T & REEMZEIREs & T BIES < i
WENTWB T —1 27 P A b 2RI — 4 U [EMHE O R — > e AT
B TR BB L ST —DOTH SN, ZOL® S Bl =
DRI SSEB IR L. L AT 2 USRI & - TR R
R L < BT B0, BRI AT BB L L L B OIRICD
WTiRARFE, FU T, ARLOBEMD, 10— 1) RIH Bt D R — 2 Jeln il
COWT, BEEVAEE CUF. BHLEMFRT 2) (1 —TRE A S 5 1R E
PR AR DKL BT B AR L. COBMEERT CETH B LN
7=,

0% [R— B ORATIEENTEL Tk, 0—% U sUN TR < —
CRHIRICONT, R EO— 2 A L OEE R, L S
B IR AT R BB DEHLARNT . 75 5 DN I O AR I & 5 T M O REFE 211,
AR & T A SR DIR AT A 2R L 7

%39 TOUESEBIE T I B ML AP I 0 B TR I & 528
Tl BEMETIR (7 — Y TZSHARIIIENIERD % R TR BN ORI
DEFETFICH HEHLIIE A P BEE TE 5 B AR L, MBES B L 0%

133



HEVARIBEE AR 25 Uz, T OSSR, BHLIMIRN ORIt g i = 8 I & 0
{81 2 & EHLAME Ol O A fRIRE AY10% L R1278 > THEHLIMEN O
FEIX10%REETICLARSRNI EZHS NI LT,

F4E TREFEELST ORSHERECB T 2EMEREROHE] TH.
HrECHERE L EEERRTOT Oy 2 U VTR v Loy 7 ABREEBEZ
FWTHIE USSR ES N OBRBRE LS. 82 B TORUZRGEEMHTIEC
XBEEHREORBICE D, BRBEBRROREZT >, TORR, #HE
SNIEAE RIS 5B BEE RIS EAMRE. EEWmOMERA, &
MF O - IR STk T BREEBROBRRRIC—-BTLIHGLT
NEOBEVWBEANRS B 2PN Lz, £, JOHKTIDEITRE
TR EE TR SN D EEO U w D BRI IEH ORI\ e 2 & 0 IR
fHTELZEZRLUIZ,

5 E [N— RS ORBMRAB L OHE 22—
1 TiE. BIETHIE L 2A— 2 Rimtl R G EEET O Z 4 2R3 57
DIT, EHED R — 2RI DN TERIRTIEIC K 5 BEHEAER ORIE 2
BB L O EEGHE 228 3TV, REEBMATERE O ET - 7,
TORE. SRPEAERORBRME &M EIEERIC B, AHEmATS ST
BlEFEN O — U RSB EEEOBERENCRHHATEL L 2HRB L2, &
51, HERNTIC & 0 SEERFMIC K B R — T O MEREEOEkICD
WTHAR, RS AR— 2 EhE R OB SEEHCH A7 Gl 22t L
72o

APRFEIC & DR S 70— & U R BLE RS OB 3R Ehy —Uid, B
BRI SR L7 00— % 1 SRR IERE I O BI%E. B X M O TR EE L O
FIEI O b0 EEL B, . ATITTRE LMD L OER ORI
MO 51 RERCLSANTREEL NS, Lal, EROERRESS
BB e, EERRAREABES TS, FOPREEE. MFEER Lo

134



7= DA EDOMBEE LTz,

(1) WIEOEHETIELIR NI T ORE

AN I RS B &L M OR SR - RN R OET 25 &
ZL. fWEEEEML < T 5, TIT, AXEEER S TOLIIEREH TE)
ET 5B 23T RIT LT, ABFE OB & OB O F14 D 22 2 1 2 B
BCEGH

(2) PEHITHRS 2 5 BE OYEBOREE O |E

BT O U S BiEB OMBIE X 1, T O BIA SRR IR W E &
2D, GRS ORE T — & ISR O RRIE R DWW CIIFET
BN, R SO & DR AR O K E WA OB ER I A
K DWW TR TH 5, Fiz, EREAAEREORHELTEALSNT
WA IREEE, T H IS TH DRI07TCTIE, £ DIEMEIRH L D &5
278 T ENTRIND,

135



BE K

1) M.J.Molina and F.S.Rowlamd : Nature, 249 (1974) 810.

2) D.F.Huitenlocher : ASHRAE Journal, 11 (1969) 85.

3) S.F.Murray, R.LJohnson and M.A.Swikert : Proceedings of the Institution of
Mechanical Engineering, 78 (1956) 233. |

4) ZRERES - WFEWD - AKERT 0 b TR0 Y2 TR — BN (1992)
433,

5) KERI{F : hIAARBTA R, 38,5 (1993) 414.

6) BRI - T - WF & - FEHTE - N koo —
T RRHR — R (1994) 49.

7y INKEZ - K B SEEETRCE, 26, 3 (1989) 195.

8) WIHZEH « ANPEILEE - JID - E R BUs F 0 BRIl
ST, (1993) 57.

9) JIIEHEZE - Ak 3 HDEEGH, 41, 3 (1998) 240.

10) BBNNE - £ AMES - FRIRT - b I R0 o—Rm b — 30 (1991)
489.

U) &6 3 - BEPIESE - AKERITT 0 b S R0 O — 2 PRE - AR (1993)
543,

)AARIES - 8 K81 - 8 F 0 FSRBDA K, 43,1(1998) 43.

13)u42:z&:: c & ER - MEEEWE  HAMMESHE (CR) 64, 624
(1998) 3179.

MR IE . H AR SCR (G |, 48, 429 (1982) 732.

bl

1) MR IE : HABFRHSCER (CR) | 48, 435 (1982) 1854,
16) S S - B - AL 8 - TS B AR ICR (O
49, 447 (1983) 1959.

17)E.Sakurai and J.F.Hamilton : Proceedings of the 1984 International Compressor



Engineering Conference at Purdue, (1984) 331.

18)/NEZ © F I AR P A, 38,7(1993) 599.

19) EATZAERE - NBFECE - RRE B - BIRIEE - Bk S0 AR R
A (CH) |, 63, 615 (1997) 308.

20) A B - HURE S - R ¢ B TR A b, 41, 3 (1996) 247,

" 21) A.Cameron : The Principles of Lubrication, Longmans Green and Co Ltd (1996).

o) HIE ) - STRERE S - RS © b 0 S — R — R (1993)
355. |

23)N.Patir and H.S.Cheng : Transactions of the ASME, Journal of Lubrication
Technology, 100, 1 (1978) 12.

24)N.Patir and H.S.Cheng : Transactions of the ASME, Journal of Lubrication
Technology, 101, 2 (1979) 220.

25)J.A.Greenwood and JH.Tripp @ Proceedings of thc Institution of Mechanical
Engineers, 185, 48 (1970-71) 625.

26)D.Dowson : Proceedings of the Institution of Mechanical Engineers, 182, 3A
(1967-68) 151.

27) N.Patir and H.S.Cheng : Proc. 5th Leeds-Lyon Symp. oﬁ Tribology (1978) 15.

28 FIARTES - AT : FAKEWEARHIIE (CIR) | 55,520 (1989) 3048,

29) R.Gohar : Elastohydrodynamics, Ellis Horwood Ltd., (1988) 164.

30)FIARIES « AKX - T, 28, 10 (1983) 753.

31) J.C.Jaeger : Proceedings of Royal Society, 76 (1942) 203.

32) B.Gecim and W.O.Winer : Transactions of the ASME, Journal of Tribology, 109, 3
(1987) 566.

33) R.T.Le‘e and B.J.Hamrock : Transactions of the ASME, Journal of Tribology, 111, 1
(1989) 1.

34)R.T.Lee and B.J.Hamrock : Transactions of the ASME, J ournal of Tribology, 111, 1

(1989) 8.



35)B.Y.C.So and E.E.Klaus : ASLE Transactions, 23, 4 (1980) 409.

36)C.S.Wu, EE.Klaus and J.L.Duda : Transactions of the ASME, Journal of
Tribology, 111, 1 (1989) 121.

37) ASTM Standards : D341. _

Q) MEREARTEY - IUAHE ™« b T RO — TR — H0L (1995) 189.

39)BHIIESR < AKIEFILT - ¥ P BARBARDISIRIO, 48, 4 (1994) 197,

40)U.J. Jonson and E.B. Hoglund : ASHRAE Transactions, 99, 2 (1993) 1129.

41)M.Akei and K.Mizuhara : Tribology Transactions, 40, 1 (1997) 1.

42)P.M.Cann and H.A.Spikes : Tribology Transactions, 34, 2 (1991) 248.

43)E ¥ - Rk M- F O I RD Y-SR R (1998)
188.

ATk - AR Mz BT AR D —RRETRE B (1997) 466.

45)S. Suzuki, Y. Fujisawa, S. Nakazawa and M. Matsuoka : ASHRAE Transactions,
99, 1 (1993) 413.

46)J.J. Baustian, M.B. Pate and A.E. Bergles : ASHRAE Transactions, 92, 1A (1986)
74.

47)K. Kutsuna, Y. Inoue, T. Mizutani, E. Sudo and T. Araga : SAE Transactions, 100,
6 (1991) 315.

48) B.J.Hamrock and D.Dowson : Ball Bearing Lubrication, J ohn Wiley & Sons (1981).

49) ASTM Standérds : D2714.

SO)HIFFEL T - AFREUL - BRB R - SUROR SR - SRR RO/ REY R
TR — LU (1996) 498.

SO AR - A TR - kB B - sl s - RIE : P o1 Ry —=
kTSR — Kk (1997) 278.

S)EME T O 5 - BKE R - SR - DG LR
AT AR — B (1998) 271.

53) ASTM Standards : G77.



Sa)PEE—H - R - PG - 0K - HHRET D FIAREY R

TR — 2R (1994) 101.



B

RO R B 0. BRI TRV RS & e a T E £ LK
STEkme  hEHDCHIE. SUREEBIEGE. B K OERORITICH A8
S EE e U BRI BT, S, ARSI LT
mEAEIE AR E LR TR NFIUERE, ST, AR
B IOV < R L E T

RS CHE T L% L7 SRRt Ay 1 3 TR £ 0| EBREEE DA
CROL I AR TR A R D IR E E L, E7o. BEHIT-RI
ARG S S D EM S ETHEEE L, S510, KROBICITLFOR
e WFBERG. N0 SEEBXOBHEORHSEE 16 EIH KOO
A ETEESE LR, CORLT, B<HBEERLET,



