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s ra A
B A B
W O h B
BigEE Sk
B—E WHZmERE
1-1. ¥ &8
MMERNABRNMN (Fluid) » FEAAREN R T 770 TE B4 W
IR RE SR EAER - FRE RS ©
| RS TR  HRZARSBERRASTRNEW - AXHRS
FMZFYEHTE (mean free path) B HFNERK » KRN T il
EAR ERTAMM (discontineous medium) o {8 AR MM HFT RGN
—R2EERERSYERE - XHARRTRMN - FEA%E RS EERR
ﬂ&ﬂ'(hoﬁogeneous) W EL M (contineous) IR WAES&R#K
BYHTRE o WEERNM B LFRRD X BT HER - RIFED IS
FAOZRNERDZFHETTE » SR ARSI RS 2 AT - TREA
AAZMR » AMBHAERTH » KRTERBYRM (racefied gas) » Wik
575 M BOR AR o
| RMZHBMERNAAREH EWEA - RRRREEANS (viscos-
~ity) ~ MM (compressibility) < #@ (density) - BEHAS (surface
tension ) & o (HEEAM ER TN L2580 - REUE— NS T B4
MR - AR K MR AN (ideal fluid) o ,
WIS A AR Mk 2 A S By BN + (I BN - M R
TRAE MMM A N T W B4 o BT 2 MAESE MMM - B TR MR
ZEM o
| WM 2 S RMA N AR - SRR o LMK N

DR - XNEARREHRRTRNE SRR - Y2 B0 R R - M
WUIZQIKﬁﬁQ  ARERHREERLT AN D » fRRR AR



8—2 %\ﬁ ﬁtﬁaﬁi

f# (boundary layer) » ZtREA KB TRBIESEHARRME o

1-2 WHEF v REE

WA MRS ERBRLER (specific weight) » RN ARZHAR
HIBBERE (density) » WEMZES
p=_g_ (1s1)
Kb g ﬁﬁfmnﬁfﬁ (gravitational acceleration) gl REERAUE
MARE » —A8 TR A LD 46° 205 I 1 ¢ RS » [kg—=980.665
cm/s*e Wi v > WA kg/m®] » ME 0 2R RTkgs!m*] o
B v (specific volume) BEHMER>HMITIEE 0K » K

v=—1- (1+2)

v ZBAR (m¥kg)e

% S (specific gravity) RENRZLERR -BRYRZHERZ
HifE o RSN E MBI R ER AR FIEERE 4°C BHR 1 atm B
ZHK B Te BIEMAZHLER MR ZHERS 7 A

S—?: (13)

7R pIE—RENBEREHTR B L atm HE 4°C MAKZHERB
Tw=1000 kg/m® o % lel FiRM 1 atm FTHAEXERARBES 7 g%
le2 X 143 REEYHZHLE o

£ 1ol AZ&AYEHER (BHR 1atm=1.0332 kg/cm?)

£ 11 WkZERHAER (1 atm)

x10-¢ !
55.8 47.6 41.2 36.2 32.1 28.8 140 | 36848

0554107 04750 0413 0368 0326 0208 180 |102280
1257 31 B177 4829  br149 10332 | 250°| 405600

ﬂ;gi 0 s 10 | 15 ; 20 | 25 | 30 | 40
T (9998 T [1000.0 9997 (9991 (9982 | 9971 9957 (9922
p 10196 101.97 101.94 |101.88 |101.79 | 101.67 [101.53 [101.18
p 182719 is50 (1333 |1160 (1022 | 908 |813 | 666
v | 179210} 1520 13070 1.139] 1.004 0893| 0801 0658
P, | 62 | 89 (125" |14 |238 | 323 |4z hs2
ﬂ;g 50 I 60 } 70 80 | % | 100 lEgec p
7 | 9881 - | 9832 (9778 [9718 9653 | 9584 | 110 | 14600
e | 10075 10036 | 99.71 | 9910 9844 | 9772 120 | 20245
7

v

i



B EMyBER

& 12 A@wRzLN

% B |mE°Clk & % H BEC|lKk K
i x| 15 | 101~105 || 5 #| 15 | 0.66~075
10 amA| 20 1.0707 i1 Wl 15 0.7 ~1.0
0% WAl 20 11478 || % # # ! 15 | 091097
H w15 1.264 ¥ B | 15 | 0.86~094
H# ¥l 20 1.261 W M| 20 1.831

* 15 0.884 o E| 20 1513
* 20 0.879 wOoE | 20 1.049.
% 1-3 ZEHNELBMERTZEN
B & °C [ 0 I 10 | 15 20 30
% @ { 13.595 5 j 135708 | 13.5585 ] 13.5462 f 135216
5 # _
100% | 08063 07978 0.7936| 07893| 07808
9% | 08354| 08267 08224 08180 08093
80% | 08606| 08520 08477 08434, 08348
N L
100% 08102 | 08009 | 07958| 07917
90% | 08374 08287 | 08240] 08202
80% | 08634 08551 08505| 08469
moOR ft B | 16326] 16135 | Leo39 | 15944 15754
L A 1.6360) 16200 16120 16040| 15880

BAZHERRAAFTEMIZEEMEARE - & 15°C BAHB 7=1020

~1030 kg/m?o’

KBZHLEREES 1 atm fBEEAR 0°C > RENS

. 13595.46
7= {¥ (18182 14000078 03105

ELAd ¢ BEE °C o |
Wz HEEE 1 atm ] ©20°C 2 REAMS
Ti=Tw(1-000065(t ~20)] (kg/m*)

[kg/m3} (1e4)

(1e5)



8—4

AKX KR HE

ELAA 7y #F t=2°C B¥ZHER -
WP R RIE B R R AT BARYSME o FAEKE (ideal gas)
ZHKHEN TR (equation of state) 1§

pv=RT

(16)

it T BH¥BEAE (absolute temperature) » p BE > R AXHAR
# (gas constant) o ZAEM MK R fnFk led BiR o

£ 144 ZBUKU>MBEE

ST RM R(m/°K) | KR To7gomm
= ® 28.96 29.27 1.293
CO, 44.01 | 19.25 1.965
co 28.01 30.28 1.251
= 4.003 211.9 0.1785
& 2.016 4203 0.0899
H A 16.04 52.89 0.716
« 32.00 2649 | 1429
T T e,
7 ik p &
CAERZEERTATARS

1203 ‘h .
T=Tv000366¢ 760 (<&/m (27>

L h RS  RL0°C ZAKBEEK (mm] HER - « BBEX (°C)
FR o MA_EXT iR E 15°C By 760 mm Hg 24T 7=1.226 kg/m* »
P=0125kgs!/m! o RIeSHEMERZ T i} 0 @ o RISREMRMZ 7@ o

ZE 1.5 ERSHIHEENR (B » @EEMRL 107)

c Tkg/m? P kgs/m4 ‘! v m?*/s
t° B B
720 | 740 | 760 | 780 | 720 | 740 | 760 | 780 2720‘7401760 708
—10] 1271 1.307] 1.342] 1.377}0.120 7§0.133 30 136 9lo.140 1.3171 2811 2471 215
01,225 1.259) 1.293(1.327]0.124 90.128 40.131 80.135 31.407]1.369{1.3331.299 -
10 1.182 1.215 1.247| 1.260§0.120 50.123 80,127 200130 51.5001.460{1.421]1.385
201.141 1173 1,205 1.25710.116 40.119 §0122 90126 1.596,1.852/1.5121.473
1104 1.134 1165/ 1. 19640112 §0.115 7}0.118 8{0.121 91.6931.647]1.6041.563
40/1.06911.098] 1.128 1.15640.109 §5.112 00.115 0{0.118 of1.79201 7441, 6081654
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& 1.6 #ﬂ!ﬂz.ﬂzll

& B & & R | % |4 X &

REH (280 1173 ® i m | 1.6
- 0.771 # i 3.708

il SRTAE- 1977 5t ! 0.9002

- | b ® 1.250 = 1.257
& 0.1785 # 1429
« 0.08988 {

MREKHER 7. TATIRZ

T-=T(1* w—%) [kg(’m’J (18)
it 7 RABARZERESNZLER ¢ SHENRE F BaHKE
MZBABEN 5 pr BRRES Se BARZILER > F=p,/5.  HRAKR
mm Hgo .

1.3 EEHiZE s
WSS B £ R HTE WAL R LR A ML - AR
1 4v 1 dv
PV =" v @ (1+8)

i r REH -V BHBTHK v SH0NESEE S 05 - AEBAS0
By i M S LIRARLIE f BRI o WREZHLAE mikg. S
ERAZ TR B - ‘
RfEE G BaMRESE K (bulk modulus) HERS
K:*é— (110)
W B, (adiabatic change) B K= kpo
B DT RFE 18 RETMMZ S o

& 1.7 8-1!21!!2&!3& g cm’kg

% BB B C[EARE CCRE) | MR B onke
8 3 10 i 1~150 I 44x10-
X # 20 ‘ 1~ 100 | 0.393x 1075
b ¥ 14 _ 9~38 ! 10.1x10°5
H i 14.8 ' 1~10 | 2.21x10°
x 16 [ 8~37 L 9x10°s
it 14 uh 20 i 1~10 6x10°5




86 %l\ﬁ dFE ﬂ fJ ?
& 8 AEBEARE p cm’/kg
T #E | ]
' 0°C I 10°C
..l I e B R [
AR RE i e
1~ 25 508x10°% |  4.84x10° J 4.75x 10
25~ 50 4.99 1 4.76 4.61
50~ 75 4.93 458 T 441
75~100 | 486 ] 4.55 4.38
: EHE | ,
[ oC 10°C 20°C 50°C
Bkl T - [ -~
AR i (
100~ 500 | 460x107 | 4.33x1075 | 4.20x10"° | 4.03x10*
500~1000 | 4.03 | 3.82 3.68 3.54
1000~ 1500 | 345 | 3.37 327 315

1-4 iz &E a
RN TR ABEERATE a (sonic speed) + HIERR

a—J (1e11)
# ©C szrbuﬁzﬁ
a=1404.4+4.8215 t—0.047562 £3+-0,00013541 t* (m 5] (1+13)
i °C LN E RS
273 1
a=331.68( 27%“—) B tmls) (1013)
# 149 S AFFGRMEZ 5% o
£ 19 ERMHAMPZHFR
= WEC s r :
T B ! i 20 50
LA . o R
[ " TG § 331.7 343.6 360.8°
X 1404 1483 1544
X ’aa 1460 1451 1437
it a 1923 1869
i s 1242 1163 1067
K - 1187 1121 1024
P : 1324 1184




F-R EMzyaER 8—7

15 K5HELRE ~
£ 1-10 KB ABLEER

3 - ] T ]
HaEw ! iﬂ“C& c&utipo%q L ] lﬁ"CE :czitipoge
- x| —1222 0213 I & ® | —-317 00154
| -ee o025 | -1222 00162
1556  0.165 .~ 667 0.0167
78| 013 | - 111 001
567 | 0095 | 445 00176
789| 0060 | 1556 0.0180
934 0035 ' 2667, 0.0185
1044 | 0025 37.8 | 0.0190
% & F w10 | sam . 4891 0019¢.
0 085 | | 544 00196
20 51 . 656 00201
w0 1 | 739 00210
i i | 934 00215
R A | 1489 | 00239
# w0 |z1e | | 2045 | 00251
. 611 6260 2601 | 0.0282
15| 2330 | 3156 | 0.0300
.20 1490 371.2 | 0.0316
|25 954 | 4267 | 0.0340
? 30 629 | 4823 00359
L 66| 70 | 537.8 | 0.0374
K | 22| 122 621.1 | 0.0392
C o | os2 636.7 | 0.0401
15 | oe2 | 7489 | 0.0426
20 | 060 8100 | 0.0442
2% | 055 921.1 | 0.0464
30 | 051
0 | o046 | 1035.0 | 0.0491
50 | 040 | 1135.0 | 0.0521




8—8 BAR Kt H B
#1410 BEKNEEE (8

: ' " AR :
e BB & ;cennpouel ez R °C ‘centipoise
» wm| -32 38 |& 0 | 000918
~17.55 268 | 20 | 0.00982

0 ' 177 - 50 0.0109

10 147 100 | 00128

20 120 | 150 | 0.0146

0 | 10 | 200 | 00165

40 0834 | 250 0.0181

50 | 0702 300 | 0.0199

;‘g giﬁj —wfeR o | 00140

- 15 | 00146

x #| -20 | 18 20 | 0.0148
-10 | 1764 | 30 | 00153

0 1.685 40 0.0157

10 1.615 1044 | 00189

20 1.554 235 0.0241

30 1.499 3022 | 0.0268

40 | 1450 15044 | 00478

zg }"“’7 | M (%) | 100 | 00108

-367 1311 00117

;g 1-33; 1706 | 00129

o 1';28 1917 | 0.0135

' 2122 | 0.0140

00 | 120 | 251.6 | 0.0152

150 | 1310 | 308.3 | 0.0167

200 1.052 K K (%4 66.7 3 0.0135

250 | 0995 | 1111 00126

300 | 0950 | 2167 0.0162

310 | ovzr | ‘ 3111 0.0192




%—i ﬁﬂf BZ%EEL?? 89

¥ 110 sEAMNEERE (B

P oo | M BE

R & B i ﬂ }K cennpoitxe‘ LA |[_°C l elxlxtxponse
A 5;15)1w - 8 {3t CO o | oo1e6
; ! a % He 0 0.0187

Il B ® . 0- | 000842
* 20 | oer |y Kr| 0 | 00232
: = Ne 0 | 00297
HOR e R 0135y Ns | 28 | 00177
|20 | 0904 | % 0, | 23 | 00204

EZEFFREZRMERETZMHr » A dy 2 WENZANEES
du « (ERRBATERR L83 H © (shear stress) dy#ga7S a8 3 B¢
BE (velocity gradient) RIEHFH TR

r=p gt

' Hp o BEARKIBRR K (viscosity coefficient) o X WIBBYE

G R o — QR H R BRI > R WA » TIRE T2 W o 4

BEREAMK £ ERA - TR @BHHR » SN HK EAME 2 &
WD o

yﬁﬁﬁﬁZlEH(ﬂﬁ kgs/m?» ﬁ?@.ﬁ&fﬂmﬁpolse 1 poise=1g/em.s

—§§-kgs/m’ » —A% poise MR P HH4H > —4BEB 1 CP (centipoise)

o % 1110 BAMERZME o
lﬁﬁﬁﬁ& (kinematic viscosity coefficient) v=p/p HIRYEN
B m¥s . @AWW stokes, 1 stokes=1 cm¥/s » ‘ﬁ&ﬂ st BEsrs—
L gy .centistokes, RESEE csto
KZMHERK meyer DIFREZ

(114)

- B
= THCiEF G (1+15)
WM W4 % Sutherland BI TR %>
273+C [ 273+t \3
= ‘"“273+t+(‘( 273 ) (115)

Tl ¢ B/ O°C Wiz p il C~Ci~ Gy HRIMEERN o



8—10 BAHE of‘ E 73 L2

BT ABARTATRARS

-“’”—':- —a» (1617)

FEIL pp B g HEIE) p R R BLAL M a8 > 2 il - iT4R#Y 2=1.001~1.003

B 1ol 1e2 [ 13~ 1+4 B5EWNM - # #R » 1§ Hrhig
HHEREERE ) 1 atm Z(# o EEMP IR 1 BAEE > 2 BKK3
R4 BEK (1025 -5 % 10% 2% -6 B 20% AWK - 7 BEH

(0.694) 8 |l (0.717) » 9 BMah (0.813) - 10 BEH (0.855) - 11
RE (0925) - 12 HFH (0.96) » 13 Ras (0.968) » 14 RiXalh (0.89)
» 35 BANKIM (0.928) 16 B (0.904) 17 Emkan (0.91) 18 3
$eFih (0.88) 19 FHEigMy SAE-30 Western » 20 BE®M SAE-30
Eastetn » 21 R4 BB 22 8% - 23 BiManh » 24 REE& T » (0.964
) 25 RIELM (0918) .26 REMME (0913) o FRDZHFRATMR
4°C #fﬁﬂ(thE °

or o ti]

E AL

e

(1

(Ul

0095

(L[ g

U

s

[EUiTg
Gy

LN RETTENY

CRIITINE S
O nmmi
In

[ 1el



) . O ;ﬂ/ Fly cm?
0:“% \(10‘«—30\ _ L o
N S T~ P
USR>S SN ]('({U gl N " en -
10 \\ :

o4 \-‘,\.\ \\\{2 \
000F- \\\‘\j\\ J )
=Ny T
007} = — ', R

k;10 i it 1tH: 200 an
|8 1e2
~10° o5 tu 27 28
107 T o
'f BMERR .
s | ,
@5 !r -
i SO 10 kg em?)
Q3 2 1*‘:—\’/,4.«:_
- ‘ I R, pa
5 - ” = /M
= e
" 1
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8—12 BAK R

Hp gk,
o

w

70100 (737 (300

0 8E- |ash x £19.37 0
'

) 5 1006 1500

L RO 5 7] keg/om?

& 104

TR EMPEE AR 2RA Redwood #iRR + Engler #8E » D
R Saybolt universal second S» ZWMFAREHEEWLRRTH TR
- :
p(m?f8)=0.245 x 10-*R=7.60 x 10*E=0.220x 10725 (1¢18)
W 15 ﬁ%ﬁH&ZﬂE?]&ﬁ °

1w’ . it 5
: 3 R 3 e 7 3 s5ig”
LY I, Y PRt TR ] JDEVE FETTTIT DRVELETITI
il g ’ PR
BN W
o 0 104 Qe 00 2 LAY
0 Je
1 " o . H
f ey it Il . ;4'_‘.44_‘
[0 AN : . K i e . U
S 3t B = e 200 et L1000 2000
! Aereb VIR L TP M
———t Udiing et Suusat L
o e otegt R 1t 2 . ot R a0t

i 15

16 BMARED] ps

ERSGTHHERRHBRER - HAH 24 FRABRR - km L2
BEWMER » it SR REEh 2 —Ra %G £RS TFITRE  BRARZRE
%73 (partial pressure) o JHZSA7IRAES; - B2 & TR HEERE 2 H 511 _



%——*ﬁ %HZ%E&TE ’ 8-13

ﬂiﬂ#z%g&ﬂ@ﬁf@ﬁ]:&ﬁ,ﬁj_y ( saturated vapor pressure) HiZ
ERBATFENT B REAEEEDZE o &l RKERERERZ
Pe {H o

1.7 REBEKRZHMRE

MK BRELTE 1atm 2T REERKL 1 m® Kb 8K
SRR 0°C K 1 atm BRAECRBT BT o HWLIA mio k 11 RE
HEMM AT BRE o

% 111
80 100

- HBE °C ‘ , :
\ 1 0 0 | 40 60
" R R o B

]
7 % 00288 | 0.0187 | 0.0142 0.0122 ) 0.0113 ] 00111
m N, . 0.0235 | 0.0155 | 0.0118 | 0.0102 | 0.0096 | 0.0095
# 0, 0.0489 | 0.0310 | 0.0230 | 0.0295 | 0.0176 | 0.0170
CO, 17010 | 0.878 0530 | 0.359
& NH, 1299 710

1.8 Fmk/) H

SEARZ R —RAR RN R EERS TR N2
Rl MEREUME-ED ERETIEERTERZENBRAERAOH
(surface tension) o H ZHE A kg/m o —i B BEERRNMRL - AR
MR TR & MR o £ 1012 BEHEM2RIERS -

# 1:12 a

E ﬁ{immg 0°C | 10°C ECRREE j 0°C | 100°C
} - ‘ .

X 5 ® 00771100757 00742 00709 00657 00600
ﬁaﬁzﬁﬂ 0074/100734 L 0.0720 00688 0.0638 | 0.0583

X X 510483 0482 L0481 | 0.477 Eo.mm 0465

e - - i

- 2 % 00245 0023600227 00210 0.0186 |
| RS 0.0241 { 00232  0.0214 | 0.0187 ] 0.0158




