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U :tl )l ;-Sr -e: ,;i.1 ;l;: .:r5;*; l-, rL:i ,*- ,1n :5 .,> aJ:[- ,;.iy L c.r;5.*;
.fiE )Jt - JJ* c;lr;(,- u;\jt :-S > 3 c;lr;(,_ .r-t; .rUj L :S_,- l€r^ c-:-sJ\

.g*,1 \A.r.*: 
Jr\* -,, -r:,_r5r-r5c5,,- :,:,_j;r_4 J!, 

'rr:! oi.tor; rt-; c.J-or lr'| .rJ)rd;L";r Ji"- .<Jt -,1 e-L )l 6;JrL; r:-- ,r

.f,_t. !t*-j L4; J,_trr

cil,Jq ,rJa; _r13

er- ,.:*l ^:t; )lla -U .r-b ,*-.,tj, co; 6 j-I.:l: oL:; l: _,!:-, o_; "(,- I _ \,l 
"$;;r

28- Relarive equilibrium
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Jf- ;l )r .J-Sr/ -Sf ,-l- 1*z J;-ra{. y -Lr:,_rr #3 .-,S !1, ,f gL ;r.;l
.r-*!.r- ,b'-l .f-l .J--- 6,r ,r-l-;Q : JLf c'tl JL- i;i y: r-a J. il"-U

) ixy 'e;-.;: :,,1:; ;l: r. .1 -*L iGy -,*^ S g-$,5 e :* l-t.:Lo:i. oK:-.'

6l^;J? rl-ul ;-l ,r J .-*,1 )J-a.ez )-*" -L -.rL;;l:-, -r.:1/;J-+ .(Y - Yf a ,)S$ trS

.r,r ;5o, ! (l - I - 0) lJ:t* Jti g .Sr ,l-l6ly .:;t.r.

|-iy:-Vp-iy=pa (Y-I-0)
151-;i;t ..'-) -jy J -pt.5tr;l:,, f Yp c.*_ :L;i ot_rf5y - y b J* ;tU ]_lJq

la)

.:^;-l ;(, u|:; .:*; -l- e5*e r - rr eF.i

,tL- u-t"q.-r:S, t-=:J ill j),@:llil ;:;L;! cc.-l ;L;i.:l*; d/_J+:l-e.lr:Vp

^S,St^lr! G*-p:p@y/) ;i,*,Si,i Jf .-u.-*r Vp J ).te rljl Ct- d"; rl*U -,Lli
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vp:i*.i*+k9*= Y" '|! \- ' 0x , 0y -' 0z '-11-;\ra'+ tav)
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0x C-^ 0y '\- g/ az

:)yg -!;j u),*u.:i 6-l=*i.,--: si-l (x.vl) :K. JbP ;-.t -:-b ;

ap=Pdx+*d,-+?a,'dxdv'dz

:6;si'/ s*) r 
")g.>t2*,Stlifb 

!
dp = -y f; a, - t(*!) av (Y-q- \)

0(l
I t,,
V
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yA

:rf 6;Jtfil_"-+ljrst_i .r!l=- stt Jty.r b Ji :J,t*

p=-y7,-t(*!)t*,
f+lJ- ljJ .r.iLp0;Lri ,y=Q 3x=0 !Li;: r-<,J.r. ej ,s;Jtf"!r _r: ;_; 6!

:ir-l11e.c=po ._ -;l:

P = Po- ,7, - t(*!)t (T_q_Y)

rll (Y - 1 - Y) 5J:l- r) ,lji C!- il:{* ;g 6t: j:tro,r:L -,[i Ct_ 6Llr J1"_ Jl
:.>; j { J;-y-! 'li"r" ! (V _ q _ y) il:l* .p:0 ,*,r:

y=- a: ** .Do-D' ay+g"'y(l+arlg) (Y-q-f)

c.- ilJ rt;ji Crt_ .r^_* .r"
-axsay* g

:! .- "-.t:t; t f -,r" t rtji Ct_ .,r)b J* e-* .L-)t-r,lji Ct- \ __F'_l .._ .l

Po
y1I+ arlg)

6l.r-r--.c-l o-L-.: ,-0.8,JK-.-,'oe).)lor:ort:uL:;I_rf 
J,S.j 1:6;;n.y-\rJU.

J*; \C 18 Llii r> rt 'i4.903 m/s2.r-l :ls ,51'.1 .:21: :sa1t-tfttirlr:;lA.+2, ,, ;;;

CL jlrl oF l - lf ,f-
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!c-lr-r; t: y: .vB lL.; r, ;Llj c(,-l 61t lji 4. Jlii J:.5

:r- .al )p tar.g-L! uL-: f.i,t"A'oL:u;,\;i u-' ,=5.rr orLL-l (I - \ - \) ;i)L' il 'J"

ax 0.8(9806 N/m3)(4.903 m/s'?) r - 0.8(9806 N/m3)yP -- - t V 
x -'tv = - ------T1.806,r.,/r,

p = -3922.4x -'7f/4'8Y Pa L

; x=-0.15 m :y;l: C '^L-i-.. ,:.p:2-35 kPa ,- ,)-=-7.2 rn -r'{=1:8 m n--;l: B Lt--l ;'
.p=11.18 kPa , * J':-1'35 m

;, 12 i ,r,, '.--'-y./ l-, (l- q - \ ) lJrL- itta-. 'tS S- l)B'^LiJ;: .,L:-i 5.r,8 ;*' t;l,'.

,t-f .r"A

0.0 = 0.0 - 5# r.8a, - 0.8(e806 N/m3)(-1.2)

a':6,53'7 mls2 !

eU;f "+U,- 
|J>lJ2ei 2Li;l ;1 bl ,6;:J>\t6 r'i '.rsttrl*l c(-tlc , -).\ - \V JU;.

.tr3u, );ay:-gl4 1q,:glZ 6tA{Jj* t ,.1rr s-t; gL; -^; .--r.-[ .(r - t) K"i) .-.' I "r-1 ,r

+8
r lt o

tl
I

(1.5, 2) (6, 2\
d

0

.:-;l-;( .rtt lLj !:*j dj;- f - f A Jii

Jr-,;l *r* j/ irrtr 4;9;1:.s';-) ':>l;; 6lr.5l"JrL:

-.ir, *.* l- )lri *t- y+ -L' .-F

-o, -pl2 2

"r c- -ifr4= 1

t a , i.ItU-.n--J,s,O lslsl;,--,.t-1u,t: q-l oJ.-l o:lr lLl-i .19-: y6 itf,r,:!l CL- ;-l;ti

::.2Jr, ,r! 1) et2ea'. (Y - q - Y )

v .. l, y, .3 ,p= po- ir - y(r -zty= po-itx +2yl

\\
(4.5.0)

tot

-i(

I
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frYlaf s(iL(o [.

:g,-;lr )=0 6U{ i} -i5.51r, ,'-l:r! .J;!.f po:2.25y o-1 .p:O gzlrr=4.5 ,y=0 !.g; ;,
p=2.25y-0.5yx 0=x=4.5

f U rO" Jl- c;tiK- Otrrs
,.Jt-<,- Jl=- crlrj lL"j ,gle'-j; c.-r -Sl.Jt-jt ?BJ\:1+.,*- Jr Je u1\j: *zS2>

-3-t gr.(.,- ..r1*r-r, .{-1, Yl.srFJ s:f c.Sr- c-r5q1!3: :J- ra ;ul- Jl=,; -r.:!
c-..e- Ll cr:S.r, c-5_,- 6loyb rr :s.f lrj ; r6i ytrJr, .c_l r.>\j\ _,.\>F,.rl:J
'r-5f+lr C-F \. -e A ,514lai;: ! ;lri.rl:J.:;l: .' -S- *t, jSr. jl 4L.U t t(ji
Flr Ct" )56' o!3: -Li 61,"-j1c--,- ! €G r* Jl- J'- ^Sr_ri p: r:lr;r-
J )-l--t-t-:l-l6L )) dJ.r- e*.rr5-r.,rlr;.lfir -J-o r.- J-!1. GJ- )l ,p_ AF
S;* \ .:,[a:;-- o{K:-, ..- *.1 oL-9, ;y u}^.. s uel,j:l-u..| ,: ,;+_r. :lJ k:;
t.) 6y )Jtu -l "t^:! )! ;rlf : jili :l-r:"1 _,: j <i_ ;l:rt 1r:l-u.l ;: i ..i_ ;l:y S 6$C
(Y - Y - A) iJ:L- tl f)ie J1="- -,r rLiri .:l*i E 6l-t l$,g s\1: ;j*dt,:.l

9p=-iy-pa
:,J.:G..1

(T-Y_0)
s utG ',:l-u-l ,: jotT -l-P -u.:L J!- ir:,,r..,k; cc,-l (rLi ,glat-jl)c^-cr*,gfl1
-LArd, cr)4J ItYp ,Vj rtL_.rf -pa s -iT 6j;r.g* . a= -ir,fr G*-;- .l ,$ ,. -)*
;;' '!i ** *, J5; r*:;;l:; ,J-l t )*"e:ll:.| ;: )Ljj 4ti 

-:a -rj .(y - ft b , l<j)

\a) (b)

'-U r-t* Jr Cf of1: Y - f 1 Jr-

:f+r"f 4 t) *)zjeat ! (f - f - 0) iJ:l* .,t*l ypjl rJ,o, aLil

29- Forced vortex 30- Free vortex
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i4+i P*uP=_ir+ipa2r-0r'dY dz

:+-!! .c*1 (r-[- :l-r-'l !-)z ;y.' :l-r"l ,.: & ,l.l,' k

op =!-.., += -, P=oar- g-' oY ' oz

:r .r-f ,! -r-j J:-yo\ap )S "*- 
tc+\r:/ Cb L;ip bX

ar=4av+*ar
dY --' or

:.-,'l: a-rlr; 0pldr j aplaY glSV L

dp:-ydy+Ia2rdr (I-q-f)

:6;i-fcr)AJ Slllfsl !: c-]':'[iy "-'L'-L 6!"

p:I,'*-rr*"
I Jc:Pog-;1, ,Ki (f-ir dL5p' a'.\tQt:0,r=O) i'*;: ;Lii 5t 'c'*t 

'S 

jJtJst :-'U c

' o2rzp=po+t\;-tt (Y-c-0)

(Y - 1 - 0) lJ:L- -r ,.*5.-'liil c*lpo=O ;'i ,Slr o5(y=0) gV '*l'4;a 
6'' 6 et

:,-i-;y a, t,

,,_p_at2r2 (Y-q-t)
"v29

J*q -,Sf- CF .:*l Lf ,:'o' ! :-b e U ;^t o5 -i-r:.r' eL5 jei lJr\-'

.-r.-,".Ji(.*-

La ,:t<=.a-r$-: 'c.-. r ,,ll J! 'J:r r+'- ! J4'+- t-; 7 ';11: 'l'*- 'l'-;r
..r;lr ,r(^- 6\a'-j\ d-"t'rlJ

-r, .(\ - yv Js:j) -r5.r, ilyl r )*' Jr 6 n-'K. -E;r eJl-+:-l Fy ';'I
,40229 

".r1--,. 
,-'rr *-- a,l:;-1 i;ly-: r'CL 1U;;1 

(Y - q - t) iJrL- -l'-t ;J; 
"-t

,J)! -,, 6 g-Vf- tc-*'l ;i t 'Uf* clPl at> '-.L'\ aJ<:-'14,f S l;i 
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YL jl :rl|-r rr ()J)u_. 
srr_L"

l, al-.<*"-:- ,*'1, -l*- f*ly.f

Af

I
,.,2" 2* ,0

2s
Y

tF )* J_* g16l_*-1 jr-b -,!3: f _fy Jj:i

-rlr y c-;lf,- o'tr rl .-r,r3-t- 
-lf ;i.;."_e ,Jj! JSL CL "t'1

!rtri
))o
- -d

i-h ft" r: +f orl-ul oL-,rr gL 6 l$,y ra:: .c. .l

.r*! f:L.!3: jl 
"l* Ct u,"s sa cro Jl )V .t-i6

.tsJ't41-9--

;L:s .ul 1.2,--l-,!K+ *S.f ol;r dU r r* &- J,* 200 rpm \:ir_ ! .rr: L. .f - \ A J t:,
1.5 m iJ.; *t !.:*l ,t;Blb;:;L! ..;_170 kpa ,rrlr rlf ;;x ;17 m L-[it 6 A 

^L,a, ))
'--.1 A )l;)t Z m .j :;tr d_L! 2y+ L

:l_-tt.r" aLjn 1: ,517 1,, (f _ q _ A) lrL_ .Jr

P't=Ps+144-"' nD= -' t"L' 29 tr Po-P.o*yZs -y(.y+2)

p:, iJ,L-. .r,s=1.5 m , r,t=7 m sy=I.Z(g806):11,767. N/m3 ,a=200(2:t160)=20.95 rad/s ,';tr
:+irLr. ,lS .:i ;' l, -rLu J €,l a5J,ef iJrU-;f f,

70.0cto - ps = (2 m)(Il .76-7 N/m3 ) * 
1!767 N /ml

r(Y'doZ;AI (2o eslsf [1 m':- 1t's mf;

ps = 375.6kPa

tCL.- jl ;*j f,:; L_ -*t .,lji.-L_ _riU *f rK -E ;,t; -,* _<-n:>. gta:_. jj
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c.:,[i 6la,-jl, g"-'-* L fG rs* J-f u] g'-l -!3: Jl-:.r;1, * t*l;e;+^;t el tl;i

Ji lirt - 4t.- - I ;t-S=.+- 6.-.>ss"oo'.Ct- J,-l -$: .: 55r Jt- :l;i & '<,- 
jli.i.

1 ,1li g-,Li Ltrrl.-:l,i )lil Ct- ;r-l b 6tt .Lii-+ dG ,.LU ;F./ o:l': (\ - q - t)'lal, q

.r-: . * j t?-c !-u: tu,' j^t.' :-.-i sr': tr-:-2 m J.Jf ;.--' -rr u(-:''Y - \{ JU'

J;lu ,l) ;s - ! ,r-rJ.r .:i L-: )' *t.t"j'j )-&' ar I j ': 130' ^jtj )1r"1 ly 4ri L--'t' ':'' 1

-:li ,_,- J,* _!_1" 
iJ;J ut;j: Y - f A J<J

,Jr-.-.1, l-J L; j j6 ,: rL:! .-r;5 1.. l) P )et 9-4"+-.-r5r,,rl;;r 6.73 rad/s

p6=0 g,-,l: e-.i .r*" ,-\2 2, t'.rL4j;r \ w^ Jt ."rSu"A '4La, ) ,v ;V)J-&"+- .J-
'.x-iu,t: 7) t.t:e{. (I - { - t) lJ:L-

h= + = !ll^:):. (sin 30")2=0.577 m2s 2(9.806)

:ua,,:*ly(CD) ,J! -5;:;Li.i.r;1; ,lSA l,-).2:0.577 m lj--Uo, ro tr5^*- e\r,,r--

(2 cos 30')(9806):16.98 kPa

,- O\:O'ZSS m a), L-,1 +L5 ,:

P s-- 0.219 Q806) = 2.83 kPa

I
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,"; j:b J) jqn r.g.rtii r5br.f
* f.-+ dJ*4-6 -rB VS .:-; r5.1*-L;:

:!_iul c r! g\ s:r 6SJtF4t ! Cu-

F=JndA

*- & 3 j; lt;i di ;t.:;r: ,r(r- Cf- -;+ r .tt:..:t 7\ s:-,rL:; .p ire;

* fr;:;l:! )) a>La c-L- '-'.--i-V q *lJt o::ls tSsi (.r-b ,-L-i) rjt
il b 1 os:J1 ,.5s7 *:,1 , .L;; rt-:.i :, I ; Sl .pna ! *lJ,! rl.:i )-e::. ,^-1'., .Oi

.rf ,i"+ 6;JtS.t t Jti,,r, ! 0i

iib-.r-
$-t j^:,,=ri9,..2, ; ^;..- .l r r ri&;"J;,!*5rrtr r-r-,r..,i 

"fS_la,.5lul*.f _C_ t
i! *r!q I 5l! rl-r'-.1)r4903 m/s2'",llt l1 .;* ca; G ,-r_r .c*t o r :. ,0.75,!Cq oe:)\ ji

-r^: rAl *t r.r-:; JK-q_{r,*.i * SY!;,,:! )L_:^j ._iyj-t ,r} )}
.''r.K+ (.r r 14.7 (r tr r29 (Ca 11 (.1 I 4.9 (JJl n

c.ili:<,- g1:^: -*; )\i o,t J rl .rf-- olrlrra"-i,i *J# d-/- )).ri.:rL-;i dglq.+.y _ 1_ y

!u .rrtr; ;E ;ps-, , ui S;* Cf- :-- ,.9ut ,tS 4.91 m/s2 -:rt
pl.l5aa(aD -1 (rD -itCo -*tV! 0(.jJl !

tt:'a .r'i ai- p ,=*t ol-y r[:! 51..r,- ,r.iq J- J+ ;rr- 'o..7 1, ,r-.;L:J ]l-r-- Jr .,f - f - f
!.:*l

elJS* (,r ,f l l(t.n 1.31 (-.'t_ 1.125 r- n 0.94 (*1r !
209 mls' ,r.l :L; ..at rJt ;.e rlJ:l rr a-jl ;:t .c--l gL ,Si* 10 m J:!f .Jldl {.-t .y _ 1 _ f

.." .l), 
CU ,_f -r-* rrj3 !c--lrJj+ J\<-lr *,: dl ril ,JQ!l .ir rL:j .j)\jt .rfut )S

pl"ti;=a(rn 200ylg(:- 20ey(Ca 200y(eD zyy(J)ta
JL5 ,J:5u, .rl2;r J- 7-+ ,>;:e\ €.1U ,jllJlj *r \ fE ,r* 4 Jf d.r--L ;r .y _ 1 - 0

-,, (C! *!gr e*-!t ;l; a.l=U !."-b (: I *!.r, .-"5.f U 1J-\i )ji4- ! :-t . l-.rr n
LLl;rl dj-_lil !a,U-U;r.orl-r:1 r:(:tr j,L_cra,,:ar5lLcrt jt-t;t)traJ!.r.-f dl"!;rrrl-r:l

S.f ,-; srLj 4lrU -,_r-l-.* ! ( I n ,,,1, ,.F- .r-b
\ o\1: 21* 61, ;l ,glaLii 2: ;L-.! ..r5.r, ul;3r --L g,--4 ,>t,*9 _iU )..* 6 J_* s-L .y _ 1 _ t
.:*,'. g1lltS".:r,* .r-:L.r. ,'l; -*l ,tl;it 1'* )l j),)60 cm I .-rl jl .iYL 60 cm +l6l+!l ,: ,L;.!

f c-l .r.r.i4 e li ,, .r[_:1.,1
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l)+".t-- (u ! .:*1 /l- (.il Z irt j.l;,;L:-! .Su" ,.r- jy';t -t- , ;A 456)+r,rS./
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.-rllyr -L.L- f--- J,lr' JL- 3 );r" rL*-l .r"K3 (r n -!t-,rr ,;-r511; L 15r;lr ..ror (aJ rrr/
4t-,r" ,-\5r- f- ,-*..1L.-t L drrl: gr- (t 1 t:S

JiL^
.c.*l ,r1..-(,_ -k+ ff- 2r;Lij ,;5L J!-;, *Ll .5.,2, 6'r-;5s. itj ,J.Lr*- uJl> 6t,, .y - \

-t-2-9i .- --:o JLC! .-*rr l)D )C ,B ,A tli;: ;Ll! .--1.;o s :\ S;* T - rC JKi dF .y - y

.r,-;3i c-ra, :i o* -rr -*Jlzl) 1A 2:rl';, .,---l o-t*1 1 sf ))q .J, I - f. Jfu ;: .Y - f

--T-

.t rn
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1m

Y l.q r.r
'-,ruf-
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JK-L *,''rD
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\iYbd,r.qK.

_ .lp Lr.-,Lrtri,c-_ I ;-J_ .eL;
.!--,Jl--ro, l; (,- ll-i L.:) lr,Jtl cJl-a" !-l .:r)rj* J J,-J.i b l3-0,sl-,lq }i l'r*.-L: ;l .\ _?

1Lr-212:.{r-ri-r. lr,5;-3000Lfrt ,, er@pa jzV)_er:5ort:-.l I_ClJ'L*C\:;)l .y_V
.d:-0.005.C/m .,- .115"C ui gL, -. 100 kpa 1," jll,- 2L:! .5,+ 300

2:;ll-rL:.i.rrr-li,- ,tl, 
"5;-4000 Lkrt ,r<_-l:J)L:i,0.C6Lr;: (/JitSt,,^.rtr.y_A

.i-..10.1 Mpa L-,r CL-
lrL- r-aL<l-1r 10,c_;t: L- -_., Y! * ! ,. ti r* * f r+ 25.C gV: | 1; 1 ;t rjr + r: .y - 1

J=ul l="srlr. Jr- -r- (6-l s-- jt (e as-7 Jp -r-r* (*rl .r^*; l, 50 kpa rL:! .y _ \ .

r5i! (s=2.e4)

.ra:rr crLlj 1r 750 mm :J-c 6lor> J-Jr! .$)s, uL: L 15 kpa cri-'y, ,rrr,, C_tL:.i -i- .y _ \ \

r-l uL, J.1-, ,r:, _rr! l_, _,L:-i

.-La:,rr c.rLli 1r 750 mm :tc 6laro -r,.J)! .+5,J! .li uF. )J 
-J 

1r 300 kpa .y - \ y
r&lilFJr!.-rrr.r, jtjJ!120kpa:_rg.BC-rL:i;g0kpa :*A 6-tV)y_f y eK-:;r.y_ \l

!c-.-l;rL 6:F a,;- pCa 
-jA 

JJ-t- rL:i .rrr,rr rr[:J 1r 750 mmHg

r-frlx.i

,t.c- .sl uc\:tl a+ (V:(.t=0.83) ,:r.. ." :: ,tg- .l uctjtrt o+ (u ,:i t);_ )l .reg6)to_ (*rl .y _ \ f
!c-*l JrL- o_1+ f J="ZOO t , (S=2.94) ,{_r.r=,:rti." l1.90CtJK-f.- -t _,.u.Ji<.-q*r,l ,r,1.t.!,J-.jLh=50cm;ir y-rdJs_j;r.y_\0

..- l(S=0.83)',i .:; Cl- t,---t rt;ah,t)Lpn=_30 kpa J,t -tb.i(;;r.y- \p
.:*ro,'.'ir))--ru':*,tl-tp,l.!J-trrUj.t:lgh=75cm,9e.-l .:iCLI-rb 

"1<j;r.y_\V..ta:,rr uLl-J 1r 750 mmHg ,Jo r-s;\ .+;:i
,)* P* .:u,t tp,q .hr750 mm )h2=g0 mm r.i2=l.Q,sr=0.g6 :,,,;lr y _, c )s:;: .y - \A
,'u-a Vi oi-/ p 

-t.pA 
jJL- rL! ,J-a: crl .j \720 mmHg :Js t1t12l gl arll --r9

Y.:- |

lA 1: ;Vi .hr=75 mm..:-l uj s;-yl J!- .,:*t )G,A_o;- rLr, JL- r _ r c ,i5;;: .y _ \ 1
.{.,J1 c*ro o e .).:a :-}=" r=*t
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..*,: l;Pe-Ps .':-*1 h.:1 n j hi:hi:?fi0 mm,S-j:l.Q,5:=0.95,Sr=1.0,Y - v a K;,.; .Y - Y'

.J,-;-.i c-r+ ':i t.;- ,-&,
r?6- -{r ,, CL :L L6r, :};l ,l:!P,1-1ts=-350 mml Ig ,r-:-r .--9)url Jl -+ l,* ,,r .Y - Y \

(l;- -ul* ,J4 ,lr. -r-- r":\-

Jl 1*^tt .ht=120mnt3h2:70 mm.l,1:150nrm,.S1:13.6,Sr=5r:9.83:p-;1:r-vb L(;;:.Y-YY
o;; tt720 mmHg ,.:. j! ; -uLp,a:140 kPa abs jt 1- lc-t ;4 p.,t ,t-:\.ps:70 kPa gage

!.:--1 rrlz ,?l .:,c- r, -*, p3 tst
(i .l -Jj+ft, 'l-ljrl 

a)L;l ,t:\ pA:pe jr -g: ]]i -";r.Y - Yf

p,r:90mnrll:O.rj;..:-l 2.91 6:-,iGj.-;iK- .;r -l g.a"A JF"\-fr ti..;rr.Y-Yf
8 kPa rp.1 f t .t-J-, ,\| jS b ,u Li-i Jb _,r,r,,- * -* +i ;r rL *!- .,- .l

? fP r...r-rt (Jtu

Srlr J+lf iL5 Jilt tS:; ll; drJt o- .:*l; ; +l-J.r -t CL-.J*,.
!.:*lrJ-r+ JK.-! .:-',t LLi-rl ,r-Itu -l .r-- 4 .,S ..:*1381 m c,- l-!^l itrrL g1-1;rl .Y - Y0

,'ji*- )liJe\-th.2,:--la:12 kg/mali;rc(ul "r-:;L,p:.150+alt'.\^i\. !3t.i-+;---ilr.Y-YP
g.:-*l ;ri+ -l'. ,' I'r' ::- )'-rP l0,l*r .: .u5.-r--r, :r -*:

)) qr-! rLi .i-tp:9.12 kg/m3 L-;1, \ s)3 s:*r(;G o.t jZSo m err-r11 i-.it- .i-;r.Y - YV

,ri-t Vi oi* pr*l *r,.rL"=L.jY!,, -,S rb..:-*l ui pi,*8 J:L- !-l ,o-!
ip f 10.34.i,-;.j;LrL! l_r! -,U tr;L(6L; (: :.--.5 

":.i;,-J+[r<l-r 
t, jK(-il f.- .t

..:*r 20'C 1.. _, -li
*:*la/A=O.0I 1y:1O5 kN/m3 ,yr:!.3 kN/m3 .,- --.19 mmH2O t-^;6rU: .;yjjt r _ A JS.j;r .y - yA

A-l -E :scm Uj* J.! ..r.nr.r, at:; l) *a,c^, I ,rL.-i-B 1A ,\ .;g#: \ - I *;;r;j, - .r -

(JK-lr *r,) \p,t-pp )L:i .jli;1 .c-*.1 0=30' 10.832 6;-y\a Ct ,JK+ .,:-, t 6 mm ,L-L
J+5J1: (;-u-a._-t)R ;t u,..V c;r*u
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!'-'-lr':-,rr'j.r,.5rl-ra(;J-*-! 
":;l:6s/',L,lj.6IV.t)sy-rf _i<J;r,y_1,.

240 mm ,Li
I

r_ffJu:-:

:,J st :j s i! *rtr CP 6t" rt5 *-+ 6 a,- l.j:t r-S ;Lj )4 a r* r )Jrt \ _ f 0 rlS_i ;r .y _ t \
!L_l ,.r-a- lJr) irty-:* :211 ,.g;Vjt ,SJ):A_A 6!-u ,, (u !.:_l ;.r:_

cD C!-n'.st1;)tt:;t1ci;r-,{! ;,i"+3 m'.rt-r,toaJ;JrFr:_'c,:rtJr r_rc Jsj)r.y_ty
fJ.-: rnl,i )J-i+
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! ;.,: ,,-l U -i5;-.- lrEF aaLcu or-,1-r .=t!1J-, e5 q ) tlJjs.r;S;-; I)ABCD aert L));j

ltf !i .l ;tt JV o)s

600 mm .rJ.i

------T
600 mm

I
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-A
.''9rr

J =U.d

1.3 m JJ"i'

Y_tY3Y_r\ JL_ r-faJCi f l9\ t(',-,,.F

.,*, s "rrr",* vi ! -i/..- j400 N g*l JL- 4'u,tir dt;-1 j-f! srj.j r_ fv Js.^:)r.y - rf
Jt 1- t<---t -tr4 ty-r./:;11 J),.tti.1,r gU.-* 6 c-sr G;,)t );.r, )tt ai-_ 6s-t {s-tt-t

ITllim
I
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.t--I-

-j
I
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I
I

1.6

I
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Y -0. -r Y -11 3 Y -l',n 3 Y -Yt J'jL- Y-fA JFJ

r 6;Jtfit t (JJl l) CL- Jr! .i-q :.)s 6s-t: .- .t tu_rtJt-ju \ _ f C J|j.j ))ABC G)'CL, .y _ rv
J5;r..-- ,Jr,} ;l o:1r:-l L (u
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sYLy <.(iliil 'f

P :: OA a?.-;: \ - )f JL<j ;'r '\ - f i

+5,Li,* '22;: j)1
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z= iO kN /m:

..f ;sl a+.-;:,
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2t^
Y _ CC : Y_ fC Jt* r_Ar Js,i Y Af rr..
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,+S.""- l-r aa.--rr ;15 ;5,u -l-.- f - lr -5; ;r .Y - 0Y
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-\5r.* ,b ,r* cJi ia J* yr.t:-rljj fr" rl^..c-l 15' slit rl&l t CL- L-rlj

.r:-,-il c-*:a, h ?J)'p 6la 6l^Llt \ - 0Y JS.i -l: .Y - 00

.i.;'i.""-- t)OABCO f'U *- :V f ," J* r - 0" JKj;r .y - 0l
-r;5.r.+ l, dt CL- tL5 f t" "i-. 
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!.:-- | ,U- h .lj 1-r-- .l -f , t _L(-: J_j l- ) ,j U J lo r +1,;,: a(; I 5l.r _!, i',* ,, r . y _ p .

Y_ \Yq 3Y_2\ bY_Oq tL- | _d2 Jr;
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i*{ Jl r^:J -(r. L 5
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f _?Y rp

!!L )lj+ J?! "J, 
'or1-r- .:--.t-;; Jr5,r. .Ej:. 1.,1 MPa

..:YLy e.(ill4 tf

aa')).f )-.:1+ j! +a-;: u r;r!L -r,-!,ll ';Lrr-l +1 . u1 r-+-,-: <-l- wij \- tf J<.^:;'r.Y -V'
.L:,(.:L!-1 ;''-:i t,-::u s::; )l t-:1.-..2.5 ii -JL<- -..:-12 nr

g1".--lrc-*l 614* a2-,2:!-t^:L;-,:t1:^rli-l-!.,'; j!q1;rK-,1 3\s\-?Y.L(:2:,Y-V\
.-r-!-r" 1800 N il j) j )'100 ntm Jolo

f _?r Jtj
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..:-l ur*(_ JL;,
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ir5.-! .r;1, :y7; '.-:-r*6!! -1, 10 mm Jole ,r-l:y-..:-l 30 MPa o,i- 4 .rL;t, ,L:l .Y - Vt

CV-l ,s.ti ^<\ y'tr 6)) )t "; a); -r!" 6lr ''- I orL-:t l-, l-,r ''120 mm Fq ,-ErYt
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'J.*!'-
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