


Y d  n?iuGi~ 38 us~iswun 

P = F/A 

h.~r:uu~o~Iodni?udu ii?ih/iurr2 h u  1 N/m2 = 1 pascal (Pa) 

n~iu~uluu~.~~nn~~drw"umiun~iu~n h 

P = Pa + pgh 

do P, iionnuniusrcnmn llor p d ~ n ~ i u ~ u i ~ i G ~ u o ~ u ~ ~ l ~ ~  

idod?unddd?u1muoc.1"msJ~?6.1"msJ~n'8uru1~u~d~~o? o:dltrt aouC?nsr$ido 
d s  d d Apdinir &nu'nuo.ruo~ino?d~n~inud miu~iYn'nua~aianama 1nuuuimuoalr-a 

oou.ir:din'u~nw"nu~duod~nn?d~n~inud6?u~m~ 6-16 
B = PgV 

bl~ V 80 * U I ~ ~ U O ~ U O J M R ? ~ Q ~ ~ ~ W U ~  

di~fl~?iuRirun'uodi~~?niu~uni~u:~m~m 7 n?iu~ir~r:~ndd~dn"?~nd3uuod 

uo-ama? ~m:d~~uotnisu:ur Aiuuuindinirrnom r ia~a'nra~d~ama 6.1 
~ilunfirnm'upiuuo~nir'il~i~5:uul~m~~~n 

nniwn:~nn~~tiim~~nur~RouuGur:niibm~nuo~mraiim~~u~niruinn~o 

~ o u n i i u . r c ~ m l m r m i 1 ~ 1 u ~ n q ~ ~ ~ . ~ ~ 1 ~ ~ i . ~ ~ ~ ~ m d ~ u " i u i n " 1 l d u n n ~ m ~ ~ i 5 n d i ~ ~ u ~ ~ ~ ~  

uocmoa n" i l f l~~~ 'uua~uo~mn~lunnomhn?o~~ni is :~uuo~uo~mn~ludi . r~c  

wnonliffn juod 
\ 

2. n Q m ~ ~ t ~ u ~ ~ n i r ~ n S o u d u ~ ~ u o . j I n a  1 ~ ~ ~ 1 1 5 0 1 1 0 1 ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ u " ~ ~ d d  

lrjdn~iu~~mtto:&~~lrjl6lil~nijlnot~uunaRj\ ttorlrjnqu r~dOYAnn15lnnn~A 6-Id 
AIVI = A,V, = iinq;? 

Y d  d o  A, uo: A, l o  wunnin&u?i~uotriani~l~o d~dininduuim~ffnr:~"ilfl 
n?iufiuo t u o & o ~ i i g ~ n i i r i ~ v u i m ~ ~ ~  miuaama~ld~m~da~da~ 



1no w nr~uuom~iu<~1~~n~n~iuwuil~liuw i h i u  (vcC4ciusn&in-ng~4iu8nu"), 
ua~uohn wiun'o iin'in~hlma miulrunirne%aZ 

P + pgy + din4Rj 

mrdrryn6auniruo4l~os"y~ii ~ ~ ~ l ~ d n ' 1 ~ 2 W ~ l $ ~ ~ l ~ 2 ~ 0 4 ~ 6 4 l 1 1 ~ 2 ~ 1 ~ d l ~ n ' ~  

lurr<ueii.r q 16 m~unqu~unve~nef i ld  

ido ikq  m8au$1uuaPm sr i~~ar~6 iun iu~do~~ inn~ iuw~~uo4vo4~wn~idr  
d d ~ i ~ ~ o ~ n ~ ~ ~ n d ~ u o 4 ? " 0 1 1 ~ ~ ~ n n 8 ~ d " 1 ~ ~ 8 4 1 ~ ~  sliunqua~ahnd I 

F = kv 

Trio k = 6nqr diw%ri'iq$mgiun5~nau ilnr q n'o 3u~r-.i3n&2iund~ 
1 



naiemn t d w  (Density) naia~uitduuocmrtonH'ub iiiiuiuii t l luua~de 

fiin&u8uiro ns$~uan mfiaims ~rsdnaiumnuriu p(diuii rho) t!uu8umni~&4i 

Substance 

Solids 

aluminium 

copper 

tin 

brass 

Density, g/cm3 

2.70 

8 -93 

7.29 

8.44 

zinc . 7.14 

nickel 8.93 ' 

magnesium 1.75 

iron 7.86 

lead 11.3 



Substance 

gold 

uranium 

wood 

concrete 

ice 

limestone 

bone 

diamond 

CO& 

steel 

Liquids 
water 

gasoline " 

glycerin 

mercury 

alcohol (ethyl) 

sea water 

carbon tetrachloride 

Density, g/cm3 

19.3 

18.7 

0.35-0.9 

2.7 

0.917 

2.7 

1.7-2.0 

3.51 

0.22-0.26 

7.8 

1 .Oo 

0.66-0.69 

1.26 

13.6 

0.79 1 

1.025 

1.595 

olive oil 

blood 

0.9 18 

1.1 

Gases (4 d C iinmna~ir 1 u ~ ~ o i r n n )  

air 

hydrogen 

oxygen 

helium 

carbon dioxide 

tungsten hexduoride 

methane 

1.293 x 

0.0889 x 10-~ 

1.428 x 

0.1785 x 

1.977'~ 

12.9 x 

0.717 x 



naiudaqAmir (Specific gravity) reqmd. n"a 8'n~ida~qz~-iwnaiuwui 
0" v t: ~ n h t u o . r m . r ~ ~ d a n a i u ~ ~ i ~ ~ r d ~ u a ~ ~ ~  mtuu n ? i u f i ? ~ ~ i i ~ l i d ~ i d ~ ~ ~ u  ilqfiQuu 

~unn?iufi?.riini=di flaiu~uiidufl'urr'n6' (relative density) 

< 

a d d  cmuriu (pressure) iiuiaii ii~~denunnuqnriau 
v d ' d  

idoll~q F ~~u~n.rdn~=iiIw~~~A.r~innuwun A 9~16 

P = F/A 

n4?uuo.rn~irr~'uh Q~siudom1n.rlrr.s (N.rnm2) n~ooiouonl~uu~uirnn (atm = 

atmosphere) hnnl tl (Pa) ui; (bar) n7o ~ t l ~ i l l ~ ~ ~ ~ d d 3 f I n  

1 u55uinin = 1.01325 x lo8 ~~$U~FI~~~IYI .JLSJBI~ 

= 760 3a%umsvosnlson 

n3irr6u 1 ~ . m - 2  = 1 Pa 

n?irr6u 1 x lo8 N . ~ - z  = 1 bar 

n4?uuo~h?iu6u~u~ru~lo"~nq~ ~#dou~~ominqt;? (miin2 n% psi) 
v v  2, naiuriuda.rainradca aimsnni1mm.ru nr i~o l imar r~~r . rn~~uonu~~~uos1~~  



rztiiuii n?iu~-u$ufinaiuiinn"son~iu~t (h) u~r$uj;md~uotuot~wn (p) h u  
n?iui'uuotuoknun~n?iu~wittliu ois~riiiuiu~u~dt%to~w"ufl~~u 

p = lim,,,,Am/AV = dm/dV ........ 8.6 
'-. 



dP/dy = -pg ,....... 8.7 

J A idown p unr g duum ttnriidin~n iuonqiugdlducu (dy duuqn) nqiui'u 

ornmn.r ( d ~  dunu) ~YI P, ttnr P, Itlun~iu~uiir~(n7iu~ y, unr y, Tmeiniittnri~~i~a.r 

fildi 8.1 (u) wndi~uo.m~iuRir~1~6~inn15~u~tns~1 mm5 (8.1) 

........ P a Pa+pgh 8.9 

~ ~ I A ~ I U ~ U  pa lh.J&l ~ l ~ l l f l ~ 7 1 ~ 6 I J  P f!~71~$nbl 7 t ~ ~ b ~ t 8 ~ b l ~ ~ ~ d i ~ ~  
u 4,' Y Y 

n~iufiunrwuuuu 
w w 

mnis (8.9) fiunii nawnuauyd (absolute pressure) t~d f i~~ i~ in -~ iu i 'u  

unuin im~i~e i~cu i  odha~un'uln~ P, (gauge pressure) 

Pa = P - Pa = pgh ...... 8.10 

ln~edii%%?aa~u& t n ~ o d f ~ o 7 ~ s ) n ~ i u ~ ~ ~  i?Unii u 1 5 e ~ t r s i  (barometer) 

unoihsloQtuuhu Ao uiroii~mofdron d ~ d r m o u ~ i u r ~ n o f i t t ~ ~ u i ~ d ~ ~ 8 n  ~sspdran  
u 4 9  tiiutt~qn~in.rludi~ 8.3 (n) n~ ium~nn~din~od~on i7d i~~pGn~odd iGouu in  

u 4- 
ttnrnqiufiun w~dronlud14 40 naiui'uumunoimn d ~ d n n ~ i i  

= (13.6 x l o 3  kg/m3)(9.8 m/s2)(0.760 m) 

= 1.013 x l o 6  N/m2 

= 1 atm 



I I 

m 
8.3 (n) ui.soi7inos'rl.son (u> U I U O ~ L ~ O ~  

t 

ui5oS~m0fd~on nos^s~rnEidsu~unaiudiGduni5fmn3iueiirussuinin dinfi 
d 4 d d  nia5mdinaiuA'ulna Mnae~uenlaanh uiuoSlnai (manometer) dnniuuuu lu~d  

8.3 (u) a ~ ~ i ~ o S ~ ~ o f t ( ~ ~ d n l u t ~ f i  (open tube manometer) 
u 4 v  u 4 u  P, Ro n.nufiunnotm57'R n-aiufiun7dA Ro n~iu6uirmolmudiuoinnaiug4 h 





m d 4  4 -w 
8.1.2 'H~~IUQPQ~~IIURI (Archimedes Principle) I ~ O ? R ( ) ~ U ~ ~ U O P M R ?  &HI% 

Y 
BZRRPJ 1 1 H R t ~ l d l ~ ~ ~ ~ ~ ~ S ~ n " l ~ ~ ~ ~ ~  , 

v Y oilii3nlilu#wunaiu03.~uou unrlPiltnatldun~ d t f l ~na iu i i  idsda~ndrda~ 
w e" 

I R U ~ P % ~ ~ ~ ~ ? ' . ~ & ~ ~ Q M Q U I U V ~ ~ I W ~ ~ ~  Q E ~ ~ ~ ' ~ ~ ~ Q ~ ~ ~ ~ ~ E ~ ~ ~ Q ~ " ( ~ ~ ~ U " M I ~ ~ ~ P I U ~  
d d nu'ueruer inaangnilnwn 

4 -la' tci~~li~mqhuwutauinu"n1uoini~ i0ug1nw'n~3r W, (real = r) idoliild 

uuauhtdot&mRt ku1ii5mgklrouruoyluuot~w~a dnngii&wu'nuotimQddii 

'I~isinmn<otdj& GtiiQunii W, r:liuniitflu Cinu'nd3ing W, (apparent = a) 

ni5d W, riounii W, i~otnnuotmn~oonw~wdpio3"mq1u~~ni& liunlt2t8ii inr 
w oyl aaun'? (Buoyant force wio Buoyancy) unuhu B u u i ~ v s r ~ ~ a r ~ s u & ~ d i n ~ ~ d ~  

dm-- '  nu'nrs~usrlnaad~niiw~n"&aaa"(rlq drsz6~u'Idmiuwn'nuotoi~nun'sr 
1 

~ c ~ ~ o n ~ ~ r t n i u u o n ~ n u ~ ~ ~ n " n ~ r ~ ~ ~ u ~ ~ ~ n " ~ u a ~ ~ u u o t ~ n n ~  ~ j l u ~ ~ i  8.4 (n) dd 
J rJa r d5mouAiu F, t15t1doteinmnjotknli~ (~tnnouiwu"nhng w,$uw) nan"Ilun^d" 

&nGin93t wW, nnzn"i1uilmitnt F, ~u~~~tuo~ua~iwaadn~zn"in"~~daudi~uot im~d~ 
4 I H ~  6uar F2 ~u115t&o~6wnanrd1n"ud?uuuu8.~~~()i3n^Hn fidd 8.4 (u) lunrdy 

n~nnuotindot~ts:diu~ww"nw'ouniiw"in~n~3t (6~'Iiduot~wn?) mndotdjo.-diuw"i; 



- J3 = P I - F ,  ...... 8.11 

hrrl~uun?iufu$u#r::~di4 W, , Wa linr B crdfifl 

w,' e ,wr-B ...... 8.12 

riiuo~ur~iou~'7 B ~ id~ innun i r  (8.11) kormulii ~YR~J~U~HIII.YSI A 

h ? l ~ H ~ l  h &I?" f i l J l f l 1 l J f l J f ~ ~  80 V l l ~ ~ l ~ i l ~ ~ ~ j ~ 1 1 1 ~ ~ 0 ~ ~ 8 ~ 1 ~ ~ 3 n ' ~ ~ l l ~ ~ d  

V, (V = vf) uo~mn~%n~iuwuiuciu p, 
O i t l  B = F , - F ,  

= (P, - P,)A 

= Pfgh-A 

= PfVff3 

B = mg ...... 8.13 

q i io u?nua~uo~~~n?d~ni~nui q g  i io 6i~uiruo~uown?&punud 
> 

a~raau&us~%qlurs~m~? d 2 n r l  
1. 7'slqeuhuarmna fiiIH' px unr Vx flun~iawuill~ul~n~~uim5u~~-r"mq 

W, = pXvxg Iun5tiidvX = V, 

nun15 (8.12) 11Ar (8.13) ~iluuI~U76ji 





I5 4 
8.1.3 ~a'nrsddisnia (pascal's principle) ~ o i m i p J d  8.2 (u) Gnnrcnuc 61 

nin (Blaisc Pascal) \ 6 ~ ~ ~ d n a i u o ~ e ~ i n u j  n.n. 165s unrl6doiinn'nuocdinnin 

n~nuoclhnnin~un~'nnir#~~~~dw'iai~s' ie  ~nioco'n\~~n~on (hydraulic press) 



oin (2) 



d r 
8.1.4 aa~dadea~idw iaa~caadp1~8161 n n i r ~ u ~ n i u u o w n a u  ~ u m q n o $ n f l a i m  

n"u td&ii5n:d,~jr-nn'un"ujX Iumqa~niiaXatlm~r4+.~~~1r:nii41y1nqn 6dmui rn11un 

u r ~ o o n ~ f l u  2 r f ia  Zo  1 
d 

1. a ~ . r n s u t d w  (cohesion 1178 cohesive force) l o  l a d ~ d q a r : w i i ~ h ~ n  

qnuo.rnirrfimduaii 'u ldrr lumqnuot&n"u1ulntlnuo~u"i b a q n u o n l l r o n n " ~ 1 u i ~  

uoa l l ron  au6u 
d 4 

2. lnPURAR (ashesion w i n  ashesive force) n'o e ~ + d ~ a r m i i b  1nt-p 

u o ~ m r s i i t r f i a n ' u  t h  lulnqnuo~nia~i1alnqauo.~~u' b1nqnuo~u"in"ulu1nqfiuo~1~Ka 
tduldir 

~~~~UOQ~~~JMXWU~~UIJUQQ~H~~ ~ ~ d l ~ f l ~ 0 j r - l ~ l ~ ~ ~ ~ ~ d t l i f d  ~ % o n ' . I ' 2 ~ ~ € l d l l i f d t ~ ~ f l  

iiiur~iiaftauinniil~r4~40~111ju tdu w u m h l i l u n ~ u j + o ~ u r ~  wusl&tilunufia &mj 
l i l a n  i#o fii ~iiuuo.rtwna t:Irim~:uaq l l~ iuw io i i I i i uod l l i f d  L T I  61 llrd R o a  u I i u i i f i i m  

n j 7 1 1 5 d i i ~ i ~ 1  144 H U ~ ~ ~ Q ~ ~ ~ ~ U U ~ ~ ~ A ~ Y H ~ ~ O W ' U W '  'Irin"i1iiwlr'J+nduw'1ilun 68U&U 

4 4 
8.1.6 s n u n d w l  (Surface Tension) ninriuahiiimqddnaiunui~t~uuinnii 

UOJIMR~ ~ : s a . ~ u ~ o d ~ w n a  irin~rnuiflut~ulfiudid~~ii~w101~da1nu~~atiii~ f iou 9 fu 

~ l d ~ ~ f i 7 6 1 1 d 5 5 0 d  ~ : ~ I U ~ ~ O ~ Q O ~ ~ J Q ~ U U E ~ W " ~ I ~  K~IJA 8.8 u ~ ~ ~ L ~ u H ~ Q ~ ~ ~ ~ ~ ~ u  

c:~naiuwuittriuainniiu"inniutii ~ t u n ~ u i ~ r f i ~ n i ~ i ~ n t ~ u u u ~ a u " - ~ ~  ~lnngni r t i  

m i i G ~ u w n l d n ~ u i o i n ~ ~ a i ~ f i a  ~ ~ l i l u w n u n ~ w ~ . r q a r : w i i ~ ~ ~ t a q ~ u o ~ u o ~ t n n a  
huiia'Zflumqnoy1ndn"u 





d5ingnis&ic q dunuindi? hrradrin?iu1du?6o~n'unuu3uotuodinn~dii - 

. ~ r n i i ~ v o ~ ~ ~ n ~ f i n ~ ~ u l m n " m i u  s~ijij~uou1um$u4duui~ q h o d  M'a~uid q UIsr 
r d' a~~unnin$tic n'~ondi?iiaflunoiut:ddnaiu~~u iio rii~Rdoflurruu4nuu w i d  

srn5dilufifid&ainsio lddm q lu4tiU11nz1du~ou q 4du &s~i1m~lfiii(u6iu q 

l~~lgfi?m~mlfif l~?d!i l~~u"n i l f i L ~ f i ~ l # U l ~ f l  7 Y f l l f l ~ ~ ? d ~ d ~ ~ f l ~ l d  $1?4~?~f id  

Qadu6n4uhun<u st:jiii(du@ui.r q h a t  f i ? m ~ m u d l i ? d f i u n o u ~ ~ ~ t i i ~ ~ n 5 ~  &qdd 
8.8 (n) 6i i i l f lbniuIuiwAiuul~ li?tAiusruuiuhoan$u?dnnu iilodrin~iu 

I.raon~auhmiuuua%rG & ~ d d  8.8 (9) 11ne~ni~~#dnumdn5zn" i~ io~n q huuod 

1ftir6iusrdin"llqud 

.r 

jdd 0.0 (n) Inir&m,juu~.m~laiji~.jAiuo~orii.j~n'~:: 

(u) ~ d o ~ i l n ~ d u n ~ u l u ~ ~ A i ~ u i n  l i ~ r r z ~ n ~ ~ ~ . j l . j o a n ~ w K a ~ ~ a . j n n u  

6ilfl y [diyii unuui (gamma)] 8o n?iu+dij? & h d ? u f l u ~ ? ~ ' ~ ~ 6 ~ u m ' i  
1 4 -  4 a d 

(~ .m-1 )  sduuuiunaiuwawa ji ~ m a i d a ~ ~ e ~ l l a 9 n n a ~ 0 i l ~ l j m u ~ a ~ ~ ~ 1 1 ~ ~ 1 n a a e i e  
4 d Cyv " naiu~iawe~wanqnnal(i1i n a i u ~ ~ i a ~ m e ~ ~ ~ ~ i n & ~ ~ a ~ & a u  ~iluulflumnijl6ji 



4otmn?rdefuw"n~uoinin 

sz%lmu 
usu1u rdu 
~¶Ju%u 

rsfin s"anssrs6 
ruin s"anssrs6 
fl8 !'=I~Q?u 
Y 

il 
v 

il 

Cl @ 
~ S Q W  

nifusurmmsznno'lsd 

gmn@ 
stnl rvn r%ug 

20 

34 

20 

20 

20 

20 

o 
20 

20 

20 

20 8 

naiu8aZa 

(X 10-3 G~~uisrums) 

23.7 

18.1 

28.9 

22.8 . 

22.6 

63.4 

75.6 

72.8 

25.0 

46.5 

26.8 



8.1.8 ~ugue% (Contact Angle) % ~ i m i ~ i i Y ~ ~ l l ~ a  ~u~~~ndfi?~~$uuootli"~u:: I 

i 
(uo.rtt!c) ain3dd 8.s (n) bmrlnuo.r&dpn P ~nnrmiifiuulr.r iio il~adaulldu c I 



(W) 

8.8 (n) awn'.b R 1unr6duw8n~~~7nn<7lla~l~~u1~riu 
(u) yunYuw'dfi~u'ouni 06 

I r rlriiainniiur.rummm A ain tntniri R i j G ~ ~ i a p J  ~ ~ U Q . ~ J ~ Q W ~ U Q V R ~ ~ Y U L L ~ ~ Q : : K Q . ~  

U) 
I cw ) 

~ d d  8s.o (n) wfi$ R naddln~ldoull~uu~nni~~~a.~"u~~~n 

(u) ~ Z ~ U U O J U O ~ ~ W A ~ ~ ~ ~  (fl) 

#U d 
8 .  I (Capillarity) dnntlm3aro~~~uwnl~o~ui~1nnaiu8tija 

uo. ruoc~~nadci i~ I~  Ro idojunoom~t~a~~flnuin (capiuary tube) llaiul'mnhuot 

~woalu~uadt uot~no~dQtu'u'lflunoom1~~n .~'l&liunii anmaz3aai3 tfim'lA2 scii.m4o 



Y v  
1. ~:luo.ruo~~wnalunnomii6a~iEin~::q~na'i~::Cuvo.rvo.rinaalui.r inu uinu 



y iianniupl 

. . F = 1y = 2niy  
r Y  

6634fl4UU Fup = F cos 8 

= 2lCiy cos 8 

tnqida4 n'o 6inu"n w uo~uo~maalunaoa iifii 

W = mg 

= VPg 
= lCrZhpg 

lumirfluqc F~~ Fdown 

eltiycos 8 = lCrZ hpg 

h = 
2y cos 8 ...... 8.21 

Pg' 
nnmnis (8.21) czliuii 61 o < 0 < sd 1 1 h  cos 8 > o h c z ~ d i d ~ ~ a n ~ i u ~ d f !  8.12 (n) 

d *  u h 96 < e < lad u&a cos 0 < o h czanduau~iu~dd 8.12 (u) 



Y = Pgh 
2 cos 8 

8.2 ~gl~iaa4vadvodrn 
wnninmiuo.ruojlnn ~ilumrlnvirnrrndoudu0~3"~~ciiuuo&nnfoni.r 

indouduo4uo&n wiu3"m9 ~ir'oriiIdd~z~nflun15oon~ruu~n4040'n~dI#w~.jiudi 
Y 4 

W ~ ~ J ~ ~ O U I  mnomuuni~oonuuu~nso~uu6winuz riu 5o tnjo40u iso Ifla 
d~ran~niwuinAtp unzI6~uustliriuuinua.jlnnu'otlAqm 

s d ~ ; i l n m i n ~ ~ n ~ ~ 6 u a n ' u n i ~ ~ n d o u d u o ~ u o ~ 1 n ~ 1 m u w ' u i ~ o 1 i u i n ~ ~ ~ ~ ~ a ~ 1 ' ~ ' ~ ~ 1 ~ ~  
U V Y  qmnA (ideal fluid) i~uuojlnndl~aI~I~nrl~jdnaiuniim $~u~~b~d~mnuummw 

I. lu'riac~~unniuniuIu~~nii~~uuo~~o.jln~ nio7diinaiunQm (non-viscous 

flow) aoqniniloudiqud 



2. ~ruud<rn~d~b (incompressible flow) wuiun?iu~in?~unui~~~uu~duod~n a a 
q n i i ~ .  q u"ciindT9 

3. niilnnuo~uokn~3un1~l~a11uua~m"a (steady flow) nijlna~11111n~T~ wu1u6a 
n l l ~ f i ?  ~?~UYIUIII~U l l ~ ~ ~ l ~ ~ ~ ~ ~ ~ l ~ ~ d ~ ~ ~ ~ ~ ~ 9 1 6 ~ ~ ~ ~ ~ u ' l d d ~ ~ l l d ~ d ~ l ~ l ? ~ i  

4. ~ I ~ W R & Q ~ ~ U ~ ~ ~ W P I I ~ ~ ~ ~ M ~ M  (irrotationd flow) ~ ~ l ~ ~ ? l a ~ ~ l  d i l l l n ~ d  

7 Q ~ h ~ ~ d f l ? l ¶ J  ~ ? L ~ Q ~ ¶ . J ~ Q ~ ~ O ~ ~ H ~  

f l l ~ ~ f l d ~ m m ~ ~ Q r l ~ ~ f l l ' i ~ ~ f l ~ d i d ~ ~ d ? ~  (turbulent flow) kzdd 8.13 

alunsaa (stream line) iio 6#~~6Jddl#U8u$fl a Q R ~ R  q w0dldu1k srofj1u 
~ n u o t n ? i n f i ? u o d n i i l ~ ~  m qnUEU ~ i n i j l n ~ ~ ~ u n i ~ l W ~ ~ ~ i ~ ~ ~ ~ ~ ~ u u  ~~YU~SLI~RGQU 

t-Yut-Yu1duui.ani51wa 

~eiraifl i~lndouduod~od1wn ainadi 8.14 (n) ~ d a r i ? u u o ~ h a m d o u i ~ u v i o  
d 6~un11uh v,, v,, v, nqn a, b, c ~ i u n i f i  aardou7d f i ~ ~ n ~ ~ u u o ~ u o j l w a d i ~ u ~ n  a 

i in?iufi? v, ilr'oiiuqn b u"n?lud? v2 66nzdo q Id  ~ ~ I ~ ~ ? I R I I V Y ~ ~ U ~ ~ I  r n i l w n o d i ~ n ~ d  

w3oniilnnocii~d1ln~o i&dsr abc d~im~tni~mdouduo.juo~1~1a dun41 mun.rrun 

ciilquumuns-ummu q 1 f i ~ I ~ ' ~ i u ~ f i u 5 o u ~ d ~ u n i l ~  8.14 (u) l ieni i  
viouodm3lwa (tube of flow) niunsu~a:uuiu~~nn1du6dna1u~a91od'~od~wa 



8.2.1 (1umgl6d4ni~d~ld~~ (equation-of continuity) Saiwin'oub~m5\nn $4 
X J  uo&n\nnibidiununnu'iKm A, Qi?un?iuli? v, un:\nnoondiu~udw~i~'n 6x1 

A ' J  
n 7 7 ~ 6 7  v2 s l l ~ ~ d i  8.16 J ~ U I A S U Q P U Q ~ H ~ ~ ~ I U W  unnu'im"m A, kud?di?tll dt $8 Alvldt 

X J  Kiuobnu'n?irrnuidrju p u~nuotuo&nC(w'iununnu'iKm A, luiani dt Ro p ~ , v , d t  
A ' J  Iuriiuo.siGuafi u?nuo~uojlwndInn~iiununn~'iKm 4 Iud?ui?ni dt Ro p~,v,dt  

f i6~~~84\~ElC(o"~oll~?\~hf u ? ~ ~ ~ ) . ~ R L u Y ~ ~ ~ ' I ~ u u u ? ~ ~ \ H R B Q ~  

. . . PA,v,dt = PA2v2dt 

A,V, A,V, ...... 8.22 

clunig (8.22) Gun51 auniglid.rni.rrlah wngtu AV l iunii a'Rnn67~a (rate of 

flow) u'fiindih 



8.2.2 nuni.rva.raaiya8 (Bernoulli's Equation) wn~n~de~~uuo;lwnde~d~ 
u A l l  A rl A r  ~ s n ~ n u o . ~ o i f S i ~ ~ ~ i n ~ w ~ n u e ~ d i n n i n  d~unnnn~nu~fi"uuo~lwnn~nneun ne Hunis 

4 4 uat6uoiynn .a~mofynii (Daniel Bernoulli) I~~U@~R$UUI mni~uo~cuofyn~ 11176 
iiuoinnqu junue~aiubbn::wa'jciu 



i i a i w  W, = -F,Al, = -P,A,Al, = -P,AV, 

ldaaoinnis'lw~d90jdnaiu~im s"m90jYdilind~a~~uuna~a 

&$u AV, = A V , =  AV 

LIRE Am, = A m  = Am 

aiuqn~dn3::iiImv~m F, an:: F, iia 

W = F, - F, = P,AV - P,AV 

= (P, - P,) AV ...... 8.24 



. . W = A E p + 4  

(P, - P2)AV = [ha2 - h g ~ , ]  + [(1/2)hv22 - ( l /2 )hv12]  ...... 8.27 

Kicl irrmni~ (8.27) Aju AV ~nrl#n?iu~uWYUip = h / A V  m n i 3  (8.27) ernaiultlu 

(PI - P2) = pgye - pa l  + (l/2)pv22 - (l/2)pv12 ...... 8.28 

p, + Pgy, + (1/2)Pvl2 = p2 + p u 2  + ( l / 2 ) p ~ ~ ~  ...... 8.29 

orliiuii P + pgy + (1/2)pv2 = iinwi? ...... 8.30 



- 
4 

fIQfI'S'SOL 8.4 

% ~ ~ n ~ n ~ ~ ~ ~ u a ~ w ~ n a ~ ~ ~ ~ l u ~ a a c i i ~  8.8 Iuwtiauva~d7n.nin (Pa) 

iwhmnl? q M l ~ i i o u L  ilo o'Rnltauotuo4~nmnu?~amn'~~fin~~niim~~117~amui~ 
Inqi lmu~6;oinrrnni~~~i~nisio~do~ ao::Kirioo~lullu7r-R'uuuaC' naiusiumnui13ruviolRn 

ordioa~iniimuuiiaruviol~~ d ~ s z l # ~ i n i r ~ u o i ~ n  m d o a 5 a i ~ ~ z i n i z l w n v o ~ u o ~  

b n i n j d  
.I r 

1. 9J19l313~@ (Venturi Meter) ~ u M ~ ~ Q ~ U Q ~ Y R & ~ $ ~ U Q ~ U Q ~ ~ ~  A ~ ~ U V ~ Q ~ J ~ ~ $  





2. wllam~lnam (Pitot tube) 6~u6ni~ari~ino'slnnl5~W~v~~n"1~11 6du 5 
naiuli?votinioa~u rild~asnuldi 8.18 oinin~~initwoannomYw~~m rmiurrciu 

d~odfli inq n"lunnomn8m (static tube) ~ ~ i r ~ d ~ l f l n ~ i u ~ ~ ~ ~ v i i n " u n ~ i u i u ~ i n i n d  
fiu5ou n~iuamniiauoa~r~ud5a~6iin"u h ~~om~wnom60umdoadodd5z~n6mn15 

V Q P ~ ~ Q ~ ~ R ~ U I ~ # ~ W ~ Q U ~ " Y ~ J I B I ~ ~ ~ W ~ ~  5-R'll yl = y, = 6inafi 

W P,, vl I0un~iuA'uunzCm~iW~va~~ini~lunn~mYwn~m k v1 ii6iljuguid 

fiqdssn 

P,,v, flun~iuiunnrCmsi8~vo~nud~~~~mn8m 
~jh v, iio ~ ~ i l f i v o a o i n i ~ i i u ~ n i o ~ d o ~ m  M v, = v nun15 (8.31) l i isuY~~u 

Pl - pz = (1/2)p(v,Z - vlZ) = (1/2)p(v22 - 0) 

= (1/2)Pv22' 



~niocfiu (air foil) s z Y i ( u n i u n 5 z ~ ~ ~ ~ o ~ ~ ~ i i o ~ n o ~ 3 m n " u u i n n i i ~ i u n ~ z m ~ ~ d o ~ " 1 ~ n  





MA' J nied1.r 8.12 rnnjo4~unini'hnu'n 4,000 il?Ku ilnrnn~o4~uuwun~mzauk61uu 

uaz61un'i~m'iCu 1.2 011151.j61JW3 0 . j ~ 1 ~ ~ l ~ l l W f l ~ l ~ ~ ~ 4 ~ \ ? l ~ l ~ ~ ~ ~ ~ f l l ~ ~ ~ 4 ~ ~ ~ 4 f l ~  

f iu doii~firnn~o~~uo~~uoinid~ 
4 4 0  A' J asni w u n I n l d o ~ u o i  = A, + A, = 1.2 m2 

M P, aaz P, lilun~iuriudmilo~n~n'~o.j~'u~rnaz1~nrnn'so.j~u~111uiiriu 

F = (P, - P2)A 

4000 N = (P, - PJ(1.2 m2) - 
P, - P2 = 4000/1.2 N/m2 I . . 

n~iuriuIfln~rn~z~n~o51n~n~o.jOuii.jn"u = 3333 ~ / m 2  , 

11~.runmiuiia.jni5 hu~Ifioiniiln?iunui~~riu 1.3 7Taniuio~nuirmiu~3 
44 0  a m 1  M v, nar v2 1llunai~1Banum~o'irn~rnat:l~nrndo9u~iuni~u 

F = (P, - P2)A = (1/2)p(vZ2 - v12)A 

F = (1/2)P(vZ2 - v12)A 

v12 = 2F/(AP) + vZ2 
= (2 x 3000)/(2 X 1.3) + (250)~ 

v, = 256 m/s 

naiudaaurniio~n~njo~~u m ' i f i  25s rnunr/?uin" 

8.2.4 nqr~umsdnsfi"rna$ (Torricelli's Theorem) ~~um3d3zynhfl15uo~ ~ 
I U Q ~ ~ R  ~ 1 1 f i l 5 1 ~ 1 ~ 1 3 ~ ~ 1 0 ~ . 5 l d ~ % ~ . j ~ ~ ~ l ~ ~ ? 0 l f l d l f l ~ ~ d 5 ~ ~ ~ 1  7 I'8R11JIdd 8.20, 

ez~iuni i Innuot~o. j~naa~iu~inVi~ 3 ~~uueinnjunpuui~Inqj dariu h iRainia 
i 

ua.juo.jIna? 1 ~ d 3 ~ ~ n d f l ~ f l l . ~ l ~ . j l ~ 6 f ~ ~ ~ n ' ~ ~ ~ d  (1),(2) lmz (3) I6  n=iiriima 1 



I 

v f iu~m3i~?uotni~wnddin~'o (speed of efflux) uoauoklo idonqiu~'uma~u&d 



d ' d  
HUIUI~ 790 kg/m3 &~uab!'h = 0.4 m ~nrrtunnrii~auat?h = so mm2 un-n?iu ~ 

\ I 

r~uaniuuo.jvo.jlwa ijdiu'ouuin~kni&a.~U01~11~a I 

8.2.6 R?iUMiiR (viscosity) n71uwda 10 riin~iul~ucmiuniuluuo.juo.jlnn, 

~ ~ d r r h ~ ~ d ~ n ? i u w ~ a u o . j u o d ~ ~ n  (coefficient of viscosity) i?un#u 7 

nairmiia q (q diu<i eta) ijPui~<i 50 D Y B ~ ~ ~ ~ ~ u ~ ~ ~ J ~ . I R ~ ~ u I $ I ' o ~ I ~ Q M B S ~ ~ O ~ ~ ~ ~ ~ ~ ~  

~ d ~ u u ~ e . r n a i r ~ m ~ u ~ ~ ~ ~ u  
I 

I 

ni~uuo.jnaiuwda t o  Pao;iU-?uifIio,misi~ tumr 

lunu?u cgs i?un 1 dyne-sec-cm-2 <I 1 il?d (poise) 

~d~dut?urii 116 PoiseuiUe 

1 poise = 1 dyne-s-cm-2 = lo-' N.s/m2 



npuopalslnd (Stoke's Law) ~do?~~~n~nnusiul~doud~uuojlnn~u"fl~iun~n 
ur.rfiu16o.roinnqiu~iin (n nrzriido-i~~nr~nnuu"u~ilu11~n~filn~~r4n"u~~1si~3 (v) 

uotn5~nnum~aun"uu8.~~nfl d4taofaoia f i n  (Sir George Stoke) lug A.H. 184s 16 
w ĝarll? 1mz&ltlunpi3unii npuo.rdrn $U#Q 

I rl 4 v  A' rl 
f l ? l % J ~ ~ l l l ~ ~  p, f i x l l l ~ n n ~ ~ ~ u O ~ ~ o ~ ~ f l ? ~ $ ~ ~ l l ~ ~  ~ ~ R ~ $ ~ ~ ~ ~ J u O ~ R ~ R J I ~ O U  7 OU 

qm~io ldu~o 'o ioa inu"ns~nnu~: :~~d~~~6a~$ar i~an~d lianii 0"mrdaJnia (terminal 

speed) v, d ~ u o l z w ' ~ ~ ~ ~ n ~ n d n ~ ~ v l " i ~ ~ n ~ ~ n n u ~ u ~ u d  &no4 nciiqRo 
r 

uuinuot wrrp.r + uui~uo.rur.rdiiuuo.rmn? = uuinuinu'nuo~nun~u 
I 

(4/3)7Cr3pog + 67Cqrv, = (4 /3)Wpg 

. . vt = (2/0)(r2g/q)(p - Po) ...... 8.44 





nail 1.3 x loe i I ? 6 ' ~ ~ ~ ~ 1 1 5 ~ . ~ i u 0 r 1 5  

8.2 V O P I ) I I I ? ~ ~ ~ ~ U Q ~ ~ ~ O ~ ~ ~ Q ~ C I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  8.3 (b) fin d 5 o n  llRZ h = 6 ~WJRIUW~ - 

nail n. 1.077 x 106 i i~6'uPiomi5i.~ium5 u. 1.037 x 106 i i ~ 6 ' ~ ~ ~ ~ 1 1 5 1 . ~ 1 u m 5  

fl. 1.037 x lo6 i i 3 6 ~ ~ 0 ~ 7 5 1 4 1 ~ ~ 1 5  4. 6 1 ~ ~ 8 1 ~ ~ 5 ~ 6 4 d 5 ~ ~  



LUV15-s OQHI 
I 

I 
n. uanuo~li I 

u, naiu$u~nod61udi~uo~lG 

$7 -. : --- lunz B1QY 0.88 kg, 184 N/m2 



8.10 nitin& iid'udnfigmua~vio~nitY~ 60 miri~ijntin~mr II = 0.4 tumr 

n. o~nifi?iub?uo.rnihnddniudi~~o~no 
u. o~nifiuimruo~uo~Inn~iouiidI~noonId 
mall fl. 2.8 l l J ~ l l ~ ~ ~ ? ~ l ~  U. 8.4 f i f l ~ d a ~ l f i '  


