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,)S:-d Lt : ,f t'*

rr .iB ,- - .l 6,slti.p e(\ - \ - \ ) iJ:l- s: cf -* .))q* At -&-t.r-r!"t '':-1 oJ-i

;t(i,r b."Lt,r.ru) ,>-t u,L;p,ff*rp Lt: etr# ^la! ,;i* o)q."

1- Velocity gradient

3- Viscosity

2- Newton's law of viscositY
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8- International SYstem of Units
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9- Kinematic viscosity
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c-,it; 't;;euj)\l;: .i=, .++ -t, -l $c./ 9l;-i: .r1[" ':'cr-l &J=' t - f J<i-,: '\ - Y Jtir

: oD ,r.Jt- .:.+! .c-l d \-a:i ,). ))) ) -r'rr^Jl-i^: -ia; I l!- 6C tif i'S/' )

.JL otsll,l .r,Ar !:'r4, L-* t** l2 j)\r ;: dli -!)il 
^5 

+*;a 6la-11 !: 'l# .jy;

.>1 .:r-l.l:- il 5.:L:"-.-., q u v--Fg t(-q'.''-J t- 3\t">., l:lt dG
Sl-t )l-r---t )J,-e .)J;64 7b :n*-: i.C. )u -r:JL Lr:y;15 jl g-,L* ;: .(;1.-'= '

D
L- ffi

ld
l
t-/

'-l



(.rYLad \<itG

l/=0.005 Pa.syr=15 cm,R=60 cm,d=0.025 mm,l:200 mm,D:2t.) DrIn;l )r)\;,
i;!r, 1200rpm *ili gl;:t.:-o,*

t-s-J oJ -Sl .t-u":gql.r,r _;.:; rl .r! *- ;-,, .lJ=..:-<-* i,,J:. *_J :.L-1_,.1 .,_F

.-!)\,* I .l.Ss" --.; Lu *L -if _1. 
b 2, 5.1-'i-. + r { ;_c;, tJ : r- *!. ;1* J- 2, | ;

asyo...I* ,ltrf L- ,1*! o-f ! ^Ir. .rt-tu.r ;) a1\a< S j).,?/A-W L.;*l yi t g);l
'.t;g e\2 ,.1;

x=Rcosp-rcosd
:7-2sitl c--:rd .:us:lt.ir11-,o:5'ji- ltQ ,V,;--.J jU )1 .rd-l L

,- ,t-: 
-

r=RVt-(RJ sinrd-rcos€

--:o*,0 
-l\ 

c-^.s - ,^-J 
'-* 

jr"'4t", rl l-l .:;l: .,<r- ,l=, \.s)*ar p j'i^ SJt
.,: I rr.r .r.*_ 3-i j=" u;i*__ll; ,:-s * ttTlttt d .rJ 4-r .:,, jI ,/

,.=!!=@/\i.pf,,* rcosP Iat t 
- 

VF_ (,,i" 0), J

tSJ; -t\ s g-J F j tl --a);;Li 1l ,"rr5.=-- l1 ,:-sr-0 . jl---. ;,rLs Ul_,la1 g*l;,r.. JL-
.f*-U q-l--1, .1=- ,,-U1q 1' 1jli,u ,g jrl ,,' .;L-t-.r-!! J 1-r,,i *r. \-, 7:,i- J-,y ai
.$r.r-,- .r4-i L <!J-,s-tJ >s".i- ;r gjrl .-!)i;l,:l_o s)t,t ;s o jle; ;,1 Jlr<:l
Fi tS s;: +I- \r ,a ; r ,orr5 p=*.- t !\')'lJ*\r2 n ! l-. ,'-, ,1,_ .c*l?-tlto tlt. T ,-r-- cSr- , s1r.

/;r "r:el.2-l ,6(\ - o :*yl *d;3j -l;,U;' o:L;l \ J-a-.1-tJ,./ .*Jtur)-ri ---:, -r

.c--l o.r,T \ - O J,.l.i ;" .ri 6191.o I uUr, ,:.J , ,rir. c.- ,. r.9-,ie.

.\ -yJ|:"LL/c*J t-d,JJ:.i

lr

10 RElt 8:EX12 EXAf{pLE't.2 ENERGy LOSS ni SLEEVE

20 CLEAR : DEFIIT I, N: 0tM F(36), X(36)
30 oEF FrlX (TH) = R * sQR(1! - (RR * SIN(TH) / R, " Z) - RR, COS(TH)
400EFFNV(TH)=of'lrRR*slil(Tft)*(1t-RRrCoS(TH)/SoR(R^2-(nn*stN(rH))^Z))
50 R€AO R, RR, D, L, |lU, DELTA, RPI,I, II, PI
60 0ATA .6, . 15,.0?,.2,5E-3,. 0?5E-3, 1200, 36,1. 1116
70 PRINT " R, RR, O, L:",.R; RR,.O; L: pRlxT "r,tu, DELIA, Rptr, H, pl=tr, rlu; DELTA; RpH; N; pl
80ofl = 2! * Pl r RPil/ 6Ot: PERIm = ltt I pt,/ O(: DT = PERIOO / (Z! * t)
90C1=flUrPIrOaL/DEITA;[=O!,FOPCE=F:C1iV
lOOFOR I:OTON: TH1: I *OI.IAOT: X(I): FNX(TH1): F(I) =Cl r FNV(TH1): NEXI I110FORl=1T0X ,TRAPEZOIOAL RUt€ IXTEGRATIOH FOR HALF PERICl)
120Ll=ll+.5 r (F(t) + r(I - 1)) * (x(I) . X(l - 1)): NEXT I
130 PRINI : PosER = I / (.5 r pERloo)

140 PRIXT ''posER:". potJER,. 
"iJ,,

R, RR,0, t = 0.6 0.15 0.02
lf,J,0ELTA, RPX, x, Pl = 0.005

P(,IJ€R = 45J.091 H

0.2
0.000025 1200 35 3.1416



lr Jl+.rtr.l

dfb-Jar
ntf 1t a FL2T (: zFLT-2 (7JFI.-17-t (a JFL-27 (*rt I Sc----.-= r:-! er *;L--:.\ - f - \

trJrf- rL-1 ;5L J'* ,t f ,^ (-.11 n ,,S,,^Lt ,-it ,S:i l;t !\; ;-t ut.tV jt .q.tJ5.\ - f - y

r-rlr u(:- -Jt(- f-r" JrLjr (r t-r 11: rr-11 r.JFl. !jL- .:Jgo .:-l 
"fu "5L CL r, (.1 I

. N.s/m (r r--l

r;r-r*,911 6l;r J'a-.' Sy (a n,,,1, F.1.J-St n,.!L- 
"s1je, 

(: tr

!.:*1 -, , GV;r'" jl .(--1.$o .;J.t- .:--11 .ul-9.\ - f - I
kg/m.s (r n kg.sA{ (On N.m/s2 (r n m.s/kg (-ill D

!-*1 yt;ra 4+a1 .1,\.^-- .:--rJ ,t q:iL--r.\ - f - f
. LzT-2 1t = LzT-1 G z LzI2 1ra *t-t7-t 1e cJ FL-27 (j,)t ta

!.:*l rUa 4JLi JK.-t y-..--r20'C 61.: ;,,,,r-. .:; .^-, \ - CJ* r..\ - f - O

.1.8x10-2 (^ r 1.93x10-2 (r x 1.93x10-3 (- n 4x10-1 (r n 4x10-5 (-;Jt r
f c.-lr*a *E I r- )J)+ ,-*>1760 mmHg ,!:i_,30'C g;L:;, &;3tr^ {;L;--*r,\ - \, - t

pl.r.<a4 (a n 1.92x10-s (r n 1.73x10*6 (- n 1.7x10-1 (r D 1.7x10-s (J.Jt n

!.:-l -"r;-= u1,' JK-u 
-,./1 

,-1.:Lp:966 kg/m3 _,r,=3x10-s .27s jt.t - f - V

.llr5+s (i ! 2.4x1012 (: n 2.4x10s (- tr 2.4x10-s (r n 3.75x10-lt 1-grt !

{-,g+,ltP. l - f
,gl, 1t-1.{.*1.,Jlt Si.* 6U; n5$i,}-: J.(;; Jt'L.5;L*:; i-tc rl gt1;:.:)!-
J ::*l a;*_*, Loi r, JL* dt d ";j,.9c.*,llj) 

JL- Jt-,." _r!*j l- u.oL_; u-sr1
;) i.e-* i.:. ,.r.:l-r -jJfu !*;: 

^Sl,q e=s.rft 
\'oi9;, \3. .(,- J-t-ro!I, JL-

4Lij ,li r, 'G-;, J'<t ,i- .(J1 F c*l ,e-.a c^c.* o;l;,+r !r_j .c*t f/*L ,4!.i.i ,<.,_

,: +5;!: g* ,-i- j& e L; +l J-fJ 
-y 

ci..e-* i 4LA ei;: - .r^i:L

f 
k !*"-t- erJ)J l, ^ti; .<,- ;s i.-o-e UK:; 

"_t 
)l ); slL.J,;l-: ;lrj Ji F_L . *.

:rsJdlr 4s'- -" I .t-u.s (4L; .jt-ut .skirtu ) ,rL. .ej,y 
^.Li Ji .i!! 6kJFL

r,! r, Jl .r.:! 6,i Q-6U U-y'd-u q .:.F r, Ji LLj rf Jrtr )tj &i frr.JS<-f
lllJtn-r3 cm i;_-;t Qr<L L-y. il.oG,!:L a:;lr:-.9-3 JgKLn:-i *"r.,L
(c-.J -t*;L),*.*a ,lr<t- c:15r>r, lJi_.. {SJ1=- )l s-lf L-t-- g;f" cJl- -,il1 .r}
L"-" -r)rf- nii,r, J_$t Jq-i*- g_1,;;;l: L Ll.:5ort;:-.lJ'<t 6;j )l t-1.

.r-r;t5t ! *-r=:,

10- Continuum



sYqr sqK4

{tt s+r*,51,, ,L-;: C!;l dP}580 d,o;;l;: E) Ft sL J*, ,51^;\5;'

*;l-5 rli L- j* -# +;l c.* | r:;t-.e :Lc U-l .tyr-/ o.>{:--"'l .r''ali :-t'e jl jL-r>

\\6*\.r;K,rt-r.7 
1-);,-r.l;! S<-f tQ.:J-c;-l Jt)-n t- r"? )l 6|'a" J+4

f tj 
ttJ;J 

p-3, 
"-*Q 

c-J\- .g-r[ \ Y 

'rr\ 
j$L1 ;\-r4 ,-u1'. 3-ts 

-t --. f t ':;u" 't*V
.€g.JU..lr.!"L,-: ;tl1),t $; V5;- !r.r;b

,,-f y.* € (eJe pf ,J!.. pl:;.r 6 t-r.f ,f 
' 

el.,l- L-J; t
.(-Sq ciU t-) -t--L^;,jj ,:-,2a.;pu../S -l i-c;- c;t-;i

tr

!c--l J-; .)1U *x

Cu r!r+ (O,JPgY, (f

\.eA(rl Yy0(rn

!tP
L- ,f S,r) il-'.- '54"i-t;l 5=.15r:.\ - Y - \

,.1--Lr, )ts (y ,.r-,!J!; (Y ,rlji JtsL L jt-r.: (\

Yrr(cn \.1Y(un Y.l\(.:Jll

Jc3,Jf<? ,Jora;4A r;;'9,r-f * 1P trseya fu" I - 0

*,.\ uaj.a*. r- ..r--/J!, tt*+\, 
U- .Jr9-- qr.i-r- i+ l, J! f fls lf

1: +trJjlr.bl;: ,fZf f (,L:: Ji- | ,f te (fr i-* 6lr .g+rrr, oL;: (s)p

J €,-r rJJ Ay .r;*- )tt f+>t l, Lm ,.:*- r- "r-l 
Fl, Jf,- f r .t-j,-l F

:Q. Jp e .6:sir5t csr4J ,SC ,k ,t csl Llr ^S"t"\gJ ! c=*j at-t J- 
'r

.,' .l S.tlqJFt L-j- 
^1.-U ! ra-tjr;r Ll c.:-l ;3f

,. Lm
P= ox'Lv

(\ -0- \)

..'. 11000 kg.3 -rlr4"C 6L: J(760mmHg) )rlJ'U-l ;t;i 1: 4,fy* (r

ufao',f f f- ;''t ':-'kl "l:'-f 
\0"'9';* 

V\ 8-ff l'' '*
:f+r..f tJ[..1!r-', y.l.: e-e 1* ;gua JLi^;t t'1t," lf Pls l-;;6'- I

(\-0-Y)

Jlp 'trt J) ;. rr qJt<t -t.F t-'A-t' 1l c^-l olLc (mean free path) )ljl L- j:" t* ;it

sc*

1

p

11- Gas dynamics

13- Slip flow

15- Specific volume

72- Free molecule flow

14- DensitY



t0 ,.J!+lrlr.l

0t-:i (t"tj) T 9l-t €-p o): .L--S', *r^ );5 ! o:L ,<,_ f-- t-ts,-s)s

y=p8

:f-.oru,

(\ -0-Y)
.,: y ..:)!- .*U-l st .Sd r*; cl31- ob-;r*; c.J_"1 ,r!^,,=l ! oaJa, ,J)J

.d.rt;:-.1 e-p,rj; jtc.*l -*. rt;i C! q get--,e
U- * JK= c:;lJl' .l L-l; ,: Ji f+- fo -i oj;r1 orL .(,_ 

'f -p oj; .+
ci dlre/ ;.+ l, JK-.f=nr"f ..rL;;S r l, JQ .r_Fd,r=.U \vJK";Lo:-tr,

-ri uor.-; cli3t o:L e-r-e oi; *.* t--l.:i f -F f-re, o:L e-F, f--.

'i.glJ

6p Ct- .<,-t :.;l-e 6;L;i 6)F 6JJii + jl c*l ..rrLo !-;, j;..!

c#l Ct- 6.r"t*,! ,.ii .--.j -u jl c.-".1 .>rl-c ^Li;.(,_;:;t-:i .C! Oi.:-L-r,
.r:fr;l,e 6;Lli :1- jp 6La";ly_rt J1-.. Jt .t:S.f Jt' ^L;: J. Li,-St-fr!* gf-
Jd l, )[-j rla*1 ,Jb-,Lii ttl-y r-r .:1--t" .JS.r" r:l_: Jt ."t ! Ji J.J|..F" i i]
;,-l11 6,5.r1-rrl ,f-J: ;*"ar, ..t;iq ./1- ,L* 6i f- - ;.ir-i r1,...: .r:;f y.r Ll ,J:5
6i .;*,* "ilL rLjj c:t1t it- ly-j ,"r--* ,ri" .r<++ ,)Fc-/ f 3 j)L-rL;,J! vK
iA Ji bls s * t J-p r.lL;i dy;-Lr-r .Jser.j"-J L er-l.J5,;.i- Jq* 6g I

erlr a.alr; dLji y - y u:;! )t 66-p\.t_,-€.-ryl; (pa) JK-t, e5.--".1 e-t' -t' J.
.r-5Jla ; 'h dQ rr1*.i_ J:1- 1Li;l c>Ly.a1p=!h 

.1, )\.:t-c;.lL.sl; 6.1) )Vj

J^rrjr 'l _ t
,JL^j6 slt & b y-+t'lt J L-,rt-rry1 L tr 4b ;,r{. ti-rr j b.l s : :, t5 r,-l ;:
;f-6;6-;!^ !l;-, v - \ u:r- -t' .€,y i-* lr;l.tS;t3r:*, J,-t;r .,*;5Lr, dtrt J-6

.rf r*"lf {-ibl! La,.l_J JUJq
s\j: Jr-L*l 63r.:, &t5;tJoj|.i;l S €C, :rr.; ..gto:L Otirt \ 

"pS 
lG

jyd oQ y-j o.s;o+t tnlS;6 j-\i ..t^iL cal.i.ri .5bo;__r

PP' = RT (\ -r- \)

16- Specific weight

18- Perfect gas law

17- Specific gravity



CrYLd s.giK.

jticorrS Lleti.r' -r,-Li.c.*l ,ll!.6Lr T s )G rltiR cu.aya; f?-u, ,;)L. r.j)p
;l.tfr6.<.1; r, .t-i,,tjfslt : g|*.:-lJt.- rJl..r,-lJt- .c.*jl.: Jl..r,-lJt.. l, &S

.,-,.r;l t-4ft; (\ - t _ \ ).tl:t-.11..1\ s .b J)t*{-?, q.-t J!..
:c..lOL 

"1.U; 
l) os_n! JrL, y_t.,:-1"!"tS;6c.JL rJ:t* (\ _ p _ \ ),Jrt-

P: PRT (\ - r _ Y)

-Jp 
fl .trji €*:1 ciy iJ:t- 1l lrR -r-l; blJ,€ c.:LJy_L -bl3 tt:.1, f,1- !

:,-_rl: ,-r-i,! *(K) ;--r5.*_t T J,-S- -t' J 6-E *Jp,JK-t,
N m3 m.NR =iEE.R=C.R L- m'N/ke.K

..:-lo.t i C.:*;a, jl I - CJJq :t ,)t* 6t-a;t5;l6rl-r*; ,911R zlsL
jl !,-rrt jl*, SVr jl .;+ 6LaL: s Gl*. -,L:i jl -J,gt"a;L:; .1r ,-il3 ,Jtnj6

"U1.5;tJJiU 
jlllj,5tr;6r$r .;lFt (rt.:j ut-tit t .Jr.trr, 6rr- bg )GAr;U

1..,J-,U JiLj e,l"6;6 Jtl|.rfiu.,"<"i" ;ly.'^L;; F-ry -,r; {t_.f u!-til
tl i+- lfr f cc..:[i;t-l'i .2:6.6u. uto tqJrU i]b.b r[,-r 116 go -l rrr,r.l.tJ
;6 uata;- p,.- ,qL' 6Lr;: 6 S'r i! t'.!-y. j5i\r ..:*l *U;. 3i;tU 6Lr t;6
ol,tV :1, f.+- .mu;\.' ..1 tllm ffy)G S:ltL,,^- .*ly .U:,oi,ilL rS !

:7-:,l:m 1r (\ - 2 - \ ) iJ.:L. ;*-b :-e ! Ci"lrQ .f.!r.f
pY = mRT (\-r-r)

7r Sl.;16;16rlr;, .t)s/,3;.:L e-trf ;6 ttJ-1r.i- 6; ;tS;6.r tU 6Ji\
.<,- )u-- .u_-J J-r 6"8,.u:! rt:r jKJ-St fr+ ! ,s,.r, h rt fJ-A.u Ji
jttJiu 5r.,rr !ljid" yl: )G Jy.<,- r+- Jt .c- tzz kg rlt o, at'l :6 J-r 6-J5

: )-r'f o! y--, J;-f l:6 J-f .i- ,Stt j.S
p6,= MRT (\-r_f)

g,_.,rlr r,'..a: ,,sl-In +l:T ga-:t )G S4-r rluJl #r_b+..,rf ;6rJrKL lf M S
:,y_lrQ .nM=m

r1

t

19- Charles' law

21- Mole

(K="C+273) .!:l: r*i (K) ;-rSc b (.K) .r-:KL..,r;l: \ lpv JL.;r *r

20- Bovle's law



IY

pT = nMRT

.JL+.rlr.t

(\-t-0)

;ki; oL-i-;lL. ,5L:;: -i,L:;. ,J\^JK ..lL'f'- 6la'*- ttrrKrr\ oi\i J+ rf gl:"r'

..*Si t6L E+ ! =-b Si fr*;-lvt- '-r::-'"'" ot*9--,5QJj<L:lu .-5!l': 'trt'.i-
j-ts,51^;6lk gl.i P?-lnT ':*J !-; 'c-[i g- 'l ,S;ls;""MR (\ - ? - 6) iJ:L' -,: l'tJ

;K:* ^:ot;15n, 6b-r-l sy &;i rt-r; J )-y€..g"|;u;K i\r" r-.\MR 'c'*l tlt--i-
.J;rJ

MR -- 8312 m'N/kg'mol'K (\ -? -7)

^ 
=Ym.N/ke.K (\-t-v)

lf, Ci*y,jl y - CJ:r+ -rr .:f ,i*;liR )1r4. ali€ JFL' l- ry'' !.i,lrf
..:-lor.i Jr;6r+ Jr<t

pr> t-ly, t-\ S g-vJ )lJ,- )l c* I .r;Le t cu t)lS I cntt f+--r: 
Iro15 sLf

t co c)G ac-1U -,S ;: o)-5 sLf .+t- ,-r:"-lil '-.;' .-i- 'tU ga- ;'l oi 6L' !- :;i":1: jK

a-.;: '1,- crts -,Li;, gi 6Lr'b:F o:l: )g fq..r-l:t -r'-t1 d3-t'J tltL;l c" lolLr

s)/ .:t:- o:l: gL;i k g s oJ-i oJ*.tj "'?-, SUJ * cp c,'>i '+t" .,!-lil

6-tt .t-\,rT .tp ,p Cb -r 
,- - I JfLugb:; r J-Fl- ij--U rl .ru i6 Y0;pt'

oJ-.i o:l: Ot.!ir q o.'c- I ;t3 lt u^a-: -,-'."V 
tto\Ut.f""'.-f otiil ql-.,;:+'t-l-l .rLl'

;-l-C ,;r..r,: h=u*PIP 
"$'.ttta 

t
L--F ;t oi o7-J 6uf .".t (Jikg.K) u-,# - rJ-'J.S tJ;j Ln'l-.r 6vJ st1

L-l-; r, ' ,i 1 kg ^: ,-sjrl 418'7 J t-r:1il L J--t '>;\'9". 'c'- 14187 J/kg'K :;[:L-l

::-*l 1; o;y.auR J cu ( cp id'l"l-, ''1.- ,-t':U-j 1 K i.,;l'rllr' oi 6L'r;l-tiL-l

Co=c,*R

.rf f.^lr clrlv 3 Y Jt-;: ! ;f't5;6ol-r7'". Lyr' .---'b s \ls-t s'L

;4 t, ;t3 i:.:15 .3.ll: )Sn"C 6U: I 0.9 MPa ;L:i ce; 44 Jft f f ! 'J,6't - 
t j:

22- Avogadro's law

24- Specific-heat ratio

26- Enthalpy

23- Speciltc heat

25- Internal energY



gY|ir <iK.

:s:si,/ clr4J ! r(.ru (\ - 2 - v) l.J:L-.,11 l+l .F

Rll )
188.91 m N/kg'K

tfSrl ,y* lr ii L---;lr (\ - t - Y) lJrlo 1l ,---

0.9 ' 1ff N/m:
= 16.26kglm3(188.91 m .N/kg. KX273 + 20 K)

dit!-f-
l:L- 2, (: D,- .l l+Wli (3n c-l .- ,U,rjJ>, (9 D c--t )4 Jt-tl.qnr I ,F15,K.t - f - t

.llJ5a* (r ! -u5r, Jt-pp=RT
fc-l ;.r-4 eF- fJ)6 t Ui-;. l*r,R,;K;,-t c.rU .,:,-t?3 j6.i. J-SL It.\ -? -\

,lr.iS*-, ( " I 8312 (r D 2917 (? a 291 (o Z 29.7 (-At a
!c.-l ,u-a 1 MPa .!J- rL:i J 10'C 

"gLr.,,r 
19 L;lr .\ - t _ t

,gl.r5^-^,o (r D 118.4 (: ! 65.0 (Cn 12.31 (o a 1.231 (JJt O

9c-l ,-.r-i-a f -5-15 -*t200 kpa jJ-U. ,L:r _120"C ,g\t: ; gf 4Jyy;6roo I fu2 .\ - t - f
pt"tiea (,r tr 3367 (: n 3.367 (Ca 0.23 (o a 0.00023 (JJt !

o:1itcs'..>-"a'S|)l ,5lg1.5kg.g.l9MPa.;JG-rLjiJ30.C6Lr1:lr.o1kg6;x j)4.\_r-6
25.3MPa Gla7.26 MPa(-ijl trlrjJ-AtJr.,:,lu+ st-!jJl",)t!.t-.sct,110.Coct_k,qEl.. ,r-r-cl

.llr<+:^ (.r D c^..l n-t^. .ii6 .:,l-c>[Ll .rl ! (, ! 73.4 MPa (; 3

!rA+r i;...;."lt Jg*" 'l - Y
.rrl_,, ;+;: | .il-_L .-rt, C-j J.tij6liu O! ! L ,-l.tS;6,sy_+ {t; ,y jn .,r
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