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Abstract 

The objective of this research is to create a set of experiments for measuring the viscosity of 

the fluid with ultrasonic waves and to determine the efficiency of a experimental set to measure 

the viscosity of the fluid with ultrasonic waves. The set of experiments consists of four major 

component parts. Part 1 is the water tank, part 2 is a head of ultrasonic transducer set in the pipe with 

diameter of pipe 0.0139 meters wide and long 5 meters. Drill pipe on two channels to fit on two 

channels ultrasonic transducer at center position of pipe length by placing it at an angle of 30 degrees, 

part 3 the water tank and part 4 is control and display. 

Then measure efficiency of the experimental set to measure viscosity of water with ultrasonic 

waves at temperature 313.15 K and 50 times. The viscosity average is 0.000590 N.s/m2  and standard 

deviation is ± 0.000016 which is close to viscosity of water standards and percentage of average 

errors are 10 percent. 
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fiimmihRtmqtumgi LISiillflfillYlflaD49VIAllrilfilf111111111M0141V1111MILLIA61,11,a15filD61141 

Inntriatalldifi-nwittlt1 llatlitilfilf11111111&EInthfilti01,1411111fltilOttillfilqa1111:19741111441 

nd-n14-imilf1111111(.41910111D4111Dttailticfhotilldau (weak function) tlifflifinlif1114 11411f142.4 

Mall 49fi-10E111111f1 (strong function) 	(V1Ifilflg, 2552) 

2.2 ritiklunillviataA vaAtialtnia 

4, 	.4 as 
vit-OiflInIfl11111M04 	dlufralufv1-11,11191D11/111111'1114D115911^1i)11t111114f1110191011 

V11011114ro 

AIWA 3 IllUtiifY111.1MTUD161101111M110114140 (velocity profile) at V10111 

1,6f114G1l iloattOTWIJ'IllGU0114011,ILL141$11P1f1TItlebvi0411411149J164- 140411,1d11 

66f11,11401,1 ROWIll11111941117111M10161101111d114140 to 1G10111 

noiwilfrnaJMAP.14oltiTutrueiuntafidutilmi-mit-ii-rvialiltioui 

mrqflociptftteinmoiD 

ff9J1Tflg (2540) 



d A 2  

Nignfnufp., 

dA1  

1111^131 4 f11,111D1110111 stream tube 

Vim: Tan/ (2548) 

9 

1111^1i1 4 L91hu19Nfi6rio191nn1I4DIJI0114101df'10'0119J1M1f1-69J1I145 

stream tube 6110191fl1'In f961,1€1101 stream tube 171Qf1M91..1501JAMAIM111.1b11 

fITIMIViliDd1141101111MPlfltivdiurroiluln 	4161;4111iN01111D111floiODfralamlN 

stream tube ill  8f10141,M112,111JfllErVilVD491Ell stream tube 1dai11-l14 irilliOnfnel% stream tube fit 
.4A 

611141ff11119f1t111,112.11-i111111V9M01111111k111,1fitlfYillfillIAIWM11 ktM",n197 V ti1140T'HI,M11 

ill111,11W11011.1i9J1R7f171111.1tid 0111111A"fl9ti5 Newtonian physics 1114 (tti-iilD 

fm,ittMovanatlftritawn4) marnoluili9,110111-1111fpJf4IttA1914-11,111,1aillA9J (ql.hrvi, 2548) 

timinanaitesna4bidviodluirilllAIWYLITAZU1.11fiLYilfill V L'ilunni t 

(mass), 66 29ramma511m110d1u1i53.11islIfY31199,1 V tilarml + dt) 

(mass),+d, = (mass), +(Aul d/41 )dt —(p2u2dA2 )dt 

A 
ttoianaciadlinfilnommiqu V LIJOL-M1 + dt) liffiunt-auulan6miturmulimi 

(mass)t+dt = (mass), + 	.dt.V 
at 
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• 
apiat 	tilv6onlantilatruttilm-nanivitailaNGuulliin 

(massLif ilalffilf1114114d1V01111tiri-AttA'ativ,1,14 

a', A 
%11.111-10J01,11t01,11 

— (p2u2dA2 )dt. '313  .dt.V 
at 

p2  u2.dA = V. aP  
at 

A2 

ffilf11144ndild&ffut-innillmmiartiolvfictiTut-millAII10110101it'UldlOVIMAA111 

19M111'il601114111iGUNIMilllifflii11111141.1311101M11q11 	9T,tirilfil16111€110111Wfritfillt1111.1 

A 
IfiLlrolIfYliA111111.1 fraJfillirl (9) ugnint-InNiJnllitiniittivni,1911- iaaltioimnItiltiu 

114t1161`iitilu steady flow tad] api at = 0 IllIVIJf115ii (9) 92,'Dqllitil1d 

/Al  .dA = p2  2i2.dA 
A2 

11 	PAAIVi =P2A2V2 = m 
	

(10a) 

y,Ai v, = y2  A2V 2  = G 
	

(10b) 

A 	<4 
tiiittki steady flow ti:02,'61J011vinidud'qoi-313,i14 (incompressible) 951(V.,'1.1t11 p f1011,111 

frilf11111 (9) 

uPdA = 
J

u2.dA 
A2 

A2V2 = Q 

(pi  ui  dAi  )dt 

jui  .dA = 
A, 

(9) 

MJf1111,11d11,11,1t1JUMJMIfilIllinoiDaiDlciffilli'1114fTwuallImii6Whili14 1%1'1n-11111a 

Will steady flow UM.: unsteady flow IT1011,011DIA110141100T-3 (g:Lluvi, 2548) 



1,athirtii 14ani 	n 

florrinviin 
ihlottiou 

r 

11 

dillf111101111411110if)111160.9615111filIthall 

IlitilhaliAllilflV141%0461S114 9t,'CiElt11101111Mi4fldlTiTUD1111M1MillitillIfillAtil014 

(non newtonian fluid) 01S1 61,0111m4Ind-rralimqinImii4iittrm11111sinvicii 5 UM' 6 

(Vraflit 2552) 

du 
imitmtguid, 

dy 

11111911 5 fl'3111f711141i'ilalfrilli6f11dDI,Ifill60111f11I6F(651J€UNIID111111n9ffifloill 

;411: friliTflg (2552) 



Rheopectic 

Common fluids 

Thixotropic 

nen 

anal 6 f11-11.1i11.41-1i'l101f1111,af111160•9611D1111ffille11.161JM1 

;1111: MATflg (2552) 

1114 6 11,M11t111410115I9M16AlifliSkFfEJ1114,111Allifilf11-111411:401.1ili fIlt,'IfiCa- o 

111:1119111 IlD1111-0111111141MLLOM (dilatants) €110111)M11,111JZIWVM1r1F1f1 (pseudoplastic)UMTD11,1'M 

11,1J1S17NLIZMW1f(F)fl (Binghamplastic) 419n111fli11191f11M1111MIJI.Jii-)1011f181401111,fffl111114111 

9) 	A onEnviatiluni5nrienauv 

,uolliiatadifnaLLAII (dilatants) Vt1111491D4iiiair1111101111fl4140111.111311VIDa1111flIVIIT1 111A 

119taElfli101111M1.11.11q6n1111,61 1101111WIT1,1411'01flf111164 01,1 (shear thickening fluid) OT'IDF:1111JD1 

11D1111n161.111U1M110114 1,416fl 	 ttmt1114-nlimilon Mau 

4101111MLIJIJIU1101Vifl (pseudoplastic) 9t11114611D111140,1111c1ITOEM1111f111711:401.191113J1 

flInr`iirni-andu 	 iff),11?MiTLIIIDEM191flt11114014 (shear 

thinning fluid) ihOEFLIVE)111D111,M11111.11IMMlfiliflUttil FrVI11f111 U 1 rflIllalVi'FlflrYM'l 1111,1414 

airliirlUtflit,/kDellON111I111:111MM11&19-1111674Thd-3411111f1It14101DafitAltfif11151640141-1DE1 

12 
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uoitilwilitahlvnanlihnannaral anngntolninn finlAtiifluIAnviinncvlivinairweraquin 

61114 	 9180N111,141,111111f18DIME,11111G41:11141W110 

ilalliffill1111116111/1Wdiff;111(Binghamplastic) n111141101 111fli11010141:49J4149tilAuflNi112,414 

110166915 61M1,11000f11,0140149JinnInfintrniittlutyi-wii yield 9J011M9t 

lAtfi Olai`W 111001t14V150f511tADVI9filt111W1 M14414 

(f1.1.1 4'11g, 2552) 

2.2.1 f111111M1,11111111a011 (Laminar Flow) 

fl1IIIIM6IMI1LIfinUmnamllumni1l1ati15IT
6' 
1.41-men 945

v 
41101  1105 

111flgt 1114114 fil.411JAfl0fl fil11,11A4A"flIglia',ililntiflillfl%01 11140 UV 1.10111.11:1401414 1J1fl 69114 

flI61f0114 1d19J1d6611 0q1101V1ILVIdifivh&iiiArtil,11-11060111fl1111)MV.1fil0:11111fli 

61,14f1172fl filIllThififfkl lcd 6f21461,110211114111f1S111Milin1ll6S611d 610 

910619105 fliIIIIM1,1111111J13011 AID 111Rangeability 61fr21661111 Turbulent 9J1f1111lf1101'Tflf111. 111"0 

661.11.1 Turbulent di6A71f111111flf111111MIZ'Ardlautivfl'319JihIVItiAIDIMAEM616'1V(D1 155) 111 

Rangeability tht,'111tU 5:1 eiluoEhlrgil uoilunnlvtnumniutin 

61.1f1113J41,1F11AILVID15141SsEM9a411411J114L1111A11,41.4 (Linear) 14111114h Rangeability lAll 100:1 

UM,1141-3 -19.1troiDli101MArind GJfiflvddvv Turbulent tillfl'IlInflOiDNall,P1112,' Flow tinago ttoi 

tiTtlii 

111M111611,1 fliSI1M61.11.1111Jafill till Turbulent Flow criTlIttalfil Reynolds 

number t11f11 Re  inn 0 fly 200011111614f111111Milini1Ain 

ddfi9f i5 R, 2000 ill 4000 ig.,'ItilltindintlF1 (Critical Zone) otatilI -LliMilrial 

66ill1Nr11.1t514 (f(1.10rflg, 2540) 
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2.2.2 fill, 916511.,M (Reynold number) 

Osborne Reynold iff-df11151')61flqii (111.16J4191aE11111'31filIflfftlr10116lIDA 

bin) lkimaIlhiflfIllirlflf101f111111d13414DflMrill101111MI_MOVIVII11191flf111111M111.1ITUri011 

11114111IlliaL611111111il -au tViafiloi-Nvu pDV l77 ani-ovuinflorti 

Virilti141V(1J011H1611111WViElVtilltii14101Mflaillmf1011111110€101111ffileilfY111111141111:41,11418W311.11111fl 

Innliautfitillfltionu tlyTIGITIVW111t11911f117;ifl'311YilfiliD9rii (t11401:1611416111.1h1liittfiglallYil fil 

6W11111uffi) 11^111,1111,4'11111111011941fl1I1M01111 0111INt11111W1 %1119 

flffilf(A11101111M11.10 115tfintim111911iiiin-nlvmlunn19111- wi)31iii-iit-n5lvidluni1141-ni 

931414 	 (9rli95, 2548) 

fl
a., 

 11111114n1Svlit-rminnti1lin1n5m-r9nnifliflol1I111hoqtuA"fllitlItaMt1191 

p,D,V1111E1 (o,D.V) 	 141111i1f111-7flfil 

fl'ill111i14W11901.1filpLV (ts4Ltwyni'miqqtuA"fllitill101fl')11111crifIlf14tEl•) 411f1,11S19Si'ffi1 

ir'11M1 I pLVIA0VilfILITC-Tflhrhufivuult-i-utiiiitioul4114111t111fl151111111filihlithAt 

1,1111.1b1fltiloTWit11111D491f11111,1111IT1OW1JIt ii1.11,1111Mihoi011111 (one to one correspondence) fit 111.4 

of d 
flfl111.1 (pDV 177) auntiwil "filM9115114Mi'' (413.infE9.f9rTiv,4t-rfitilRe ) 	 alwilLat 

hunavuoltiltniumil'fi 

imoi-annwrillvmrp 	 vitt 

fri-mallmill4 flq19J111111IDElfl'il 1941111 filfliIllIDECD0111.10119,1,10f1111111'OtlflofillAERIS11,REM 

vnurp li'll4fm livranA"m10611,19:111441tFlIJ (161111ENIY1111fItUA'fllitlillafil1filf1T1111111flfliU 

(61^1I1t00f114011p:140t1Y11114A111ifl) 565Uf1f19121 f115 

111M1111I11111E111 (laminar flow) 0,01141flfiT1111111qfp1A/MitlInd161 (fi16M5114McV)11119q1115 

111MM16114-1111(1114f11100fl14811911M1Y11111111mvtiiilaull01111Aff11.111A180111.10119:140f1191,1 

141quiiti fmlvinfit-rnialurinlimilinial-ru (turbulent flow) 1111,11111.61T0111M191fliii11-1614 11 
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iiiwitintuniIlliatann-rneeru ttoiviinditwuzlniTilvErAunillvmucuinluihu (6toitiluditat 

Ulm]Inniu tm2,41,todt-iuqt-u6"nlitunin'floutu AU) vitt luliltanyvalmIlliArvip 

Tffodiiihtantu 2,300 untfllIiil Re191Aahutrutinwmillitynutn-mtuA'radittnnifliieJla81,1fil 

R, fill1111f1-11111MIJI,ILtell1I1IJEV,1,11d1M1115 11.1alflflOrlht,'Int1,1 500,000 UM'I.Tfl 

1d>J~1~1 f111~111cfl91~5~11c~G1 J1 Re  11111t1Ght MAIM ill if191f11101J111 (leading edge) tilltifl'119JEJT)gt11 

(1/1195, 2548) 

yrwilormsunionrcnivit-mllinirwatemwmni'alunillvtn frimmilfl 

€uilifithusint tflAtif-M1161101140 In`,1,1ditmum411,11,i 1461101 I101 1,11M (rflIfillg, 2540) 

R =
VDp 

e 	77  
(22) 

Re tWiiihinaiiii'M (dimensionless) 

2.3 gifillnAVIMIO.VUOThia 

Tnnihriutumatillgirrnmnriol9ilanflmaltalliin14 	alfilff In1111) 'n61114 

IlAnfpfiu-rwmilimilmd-rwlilmodoinaqt-am 

uoiiffnIntiientitt11111151,1IUMtpcillEJKOIJDO, 

4-mwa-nal-attnriiffyillmi14-mfiliviAto 
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9114L~1fJ4LdbSfJfl J1 In1a1'1116Mn9)th1 (mean free path);1111109J1`ktilietllitial14 A  X11 2 94 

tirioutdioultmvillstwillIutmin immulfliffilfliltEltlilld91611141fIn41.1 0.1 111f1Sau (m41 

1141119j1W01111
A
411MMJAI) LYiltdtd uttilminqiit-nui•villiff'ItlIntil-1 If1EndflItUtlflf,f,11 

tfl1D19.11,17_InfilvTurnaIluil 6011414 isPirtilq111t0t411 10 L9S1.1iL9.1011 41414111 qiinItiniditEoVhitti 

1.11f11,9106411.16111111tVillIt'll'ill19Mqfl 91,1D-voriatriatwiluinio (TTIDGuallviDtillso 

v 

31A"fINtlit'1101f1")11.11111,itilfl19,11,flfp1130919i0lillItIli1119JMfIMEJ 1119iikE)11.111J1t111141719J1 

131117t111111311T,",'illUfill0f1111fMffiV0119JvlIvimillcviglieutyvat 40111ifiimphil (derivative) 

Eualwocaoill 6  trI1J0 	ap/ax 1310 p Cilum- uvrwitaiu unt,' x 	9t1111,6161141/111 

cvitiliatfowoiall4x mirmitruoia2,148•14criu•i ttoirnnlitilwaiAlhatrifixii niaorouiri x 

41014,1411.41A9tilfilquin 	x 

truff(an-moillIfutt,tiNiNfilailialialaumintm) vnntoili:9;nilgnInnillvtw9tnIt9i11lk11n 

1.1fl (T129/, 2548) 

9101`M6114 .7614011.11f1154119101111013.1i1WMAREfilii114 VII 1111J4 t1119.11111q (viscosity) 

Ad  • 9, 
Ituka4 4141,611LLIT-ipollifmliag;tilA'41,fiAv•wil'florm 	 9 

' 
oivlillfltilJWW11111,110MIT14 119'1,ILLI1Oill ifinit 	wuollilflllkillffillifitilflinflf11111ffliil 

uoiamthaen €ual'hidilawnmilEJWY1114113D blafn1111111911,M1461,10111140VVIVA466Allii1DE): 

011111A14')V711F,TVIIIDItIaDLICF4141,1A81,1440491flttIltlideld9t 

`i'41..f1.1V1141611-ftflflttIlLhilirillalf19101111M11 illItatlWV111,61fi'MitlfltilfilJaDd141111191019101 

%Wile fJfl'il W911.111111 (0.111,194, 2548) 

9mehiaturrrnIiiihtflauAollaffpinnuinnuvii'voilfittoti-mmu I Ilirdautiii 

910441 9101111D9MMEMainthilk1111911,1tiN 	 (CaU51b11iA19.16111f118140f11flIt 1/11 

1111tiplivillifflfmarumallm 	TfiqurnA,F1146ollliwaulifi-mal 
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qtumarulloill aTiurrfl-nnicaiial 

VIIIIDE1101f11111101111M11111114fliicNilifillqiiEiaqtliff11117414=11110i011101 

AID 1f59J1VITIMAD171,D1f111D1rM1I1110p111160111)Mil9l41111916dflrfar113.111f11d13J126fllini14 

1,9114114111111q114f11141011101411 'Cit:61/11111.1W1111ilkINDLititaini14114'411J1MMOWD151-)110 

ant-rolockmdi-)14-il Natallummilallutiutd-) 

r(311LMJD91.413111NWIMliol'ill1101ktOiMITIIIMfpfifVUld 411114 fltla1111791016UD1111ffirre 9 1➢ 11119 

F:ifff111104011101inkli fIV110114116111.11411iljilDififlilifillaliilfl1TM1116111114141Ifilk11141641.1 

viD111DIVE)10.71111411\MM'Ml (VflIf(flg, 2552) 

2.4 f111111i11411,1111Z111011 

V111J15fliillnilrill6VII1111I111fleiT1141-6711111161 611.114D1111fln'110fl triDii915f1116111f115 

111M1111 

Q = i(u.n)c1S 	 (12) 

911tififlY171fl7n1011V1111V111M dS =rdrd0 tria n= ez  LLat,' u = v z ( r)ez  iiivut-rai (7) 

LLVIM1611,1V9Jf114 (12) 14 

2.71- 12 R 2 

Q= 	P2)  
00 	47,/,  

( r 
1 rdra 	 (13) 

   

61411/117VIMJt114 (13) 14NntPDE1 

Q  zR4   (pi  -P2  
877 	L 

(14) 

' Pi  P2 "" 111000111Mt 	11f1f111 pressure gradientL 
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Illuilmnaut-Tufrannififieumallvm uoittthauonlfiudiA'a 
w 

91f tiff 	Unt'pressure gradient trillIVIVITI,111.14  Poiseuille 1,1114141111f114(LIfl 046Suflrf9Jf11111 

(14) 1-Vfl Poiseuille's Law fl'313.41,1110411D411Tall lifY3-11.111iAllvinpi-nritio '621'fifilMM1 

9:,'D1141,614'n24111(1A2,4111111fifIlfl (Cutnett and Jhonson, 2010) 

66`1/11,1fi1 R = —D  fl111,101Jfill'il (14) UT 
2 

Dff 4  
Q = 	

(Pi — P2) 

1287g, 

frynalv crog0 

= 
R2 (p

i  -P2 ) 
Vmax 	

4771, 

P.Q1A= 4Q I 70 2  

= D2  (Pi - 1)2) 
327-71, 

91f1MJMIC1 (17) 114r4MilltD1flq19J41,1 

3.2qa 
P1 - P2 = D2 

• , 
91f1V9V1-1111 (18) tallifill1,0101.16U04M11161-  

1 2 87112L  
PI P2 =- 

AD
4 

91flfIllf11519 • (19) tnianniq11.46u8111in eifilvimi-ruyiamlnnuonriammilm41444f1 

77=
Dir 4  (Pi - P2) 

128QL 

(15)  

(16)  

(17)  

(18)  

(19)  

(20)  
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timinampihnyn4t4-rualviacioimintiltenrd-ruuifilliqj 

alinif1910.96110A111WILVIIA?VgAiltflADISIAUM1116111716141 9 fill on& 

t Ac 	 0.0 	 „ 	 A 	 fr. 	w 
InrirlOWIDqf111N16UOTViDTTIOMplfliilt-Th9lf1NlehilD4Y1061/11-114Y1f1-111Altillifj1-10 61108M-3149514110 

111D41t1dtHLA61101111a1111t119111,4161ffilliiannfl-)111(4-W(931tflUDOMaqifwirivretioio 

1,11MFlattil011,MirlISIOTIndliTviati92,1t-wniutamnrinvunil-avimili-dhilliMfmlum,11-min 

winni-rumallvydinmlyialumlividathiq illtitaaltp 

ti11411-rfavolfut-vildilttM11"Kfllitlit'fllIflIt', illElf1T1IJM-3M1-111.1141-11111JMI (WIT, 2548) 0111.1 

rrigliNuiltL111:41'11D11,41,11,iff911A'fIlitla'fillflIt illefinliJil'Atikill1411.1111S111101111149t,'Dthill Win 

1ilfritiOd1111n12,11114 Infinity ttkillflTlf11441,M2,'91fltYlIirlISIO1tlairdlln'ilfnlAlfM-111/10flilfil 

MulDEM2,' 99 1181f1111111VilfifltriOligh,111}1111111ifillIf114111,6111i1 

= 0.058R, - D 	 (21) 

= 2,000 Ann' L' 6,9111141c; 7 t19a,1141 61J 116 Llti 1 

61101411,11flal.M111411,16eflfl1111011110 

	

2flq01141111.11,t 	faT(1.01 

((... II mil 1 3 liveln ciliinuilutitil 1thivitformil 31111, 

A 
	

211111.3 	nun 

L' 
tuul limed 	 11 e 

lui-mnrini:mlimutnin 
nrin1:1-mliliT1-3613(.3q 	

ilitthicruullaltieV) 
nisnlvaiutr3 

111141 7 Ltr(f)16f111%lafinfln iilf.firdlIA-30119J6VW'RJ1TUDTViadialvynttinJITI1fital 

`71111: Yl J9f (2548) 
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1111J562tu91a59h1 L' iluthllitU2,'fl11111Mntllittlilunestablished flow 41.1111.110f1-113J -il 

trflAttrN11A'fIllt112;f111f112:9166U04f1')1Aq6106114illfitilaltlidd014t61M1 9n111,11M191011IM 

41ndraihinnou4.mir-ruiritiluttnunmAllirirsinnIrvnpoinfrinartnnnufiurhukuphl 

A' 	4 toinvi.qt-fmanwimunufm-mbitrAlvio fY4111111419ffilfhalt111411t6W11414W.3111A1.101111Ing 

41 1G191fl1~1fl1~1fl turionvi-rucitifrolnunufv-Atiluphlttli-ng,61 boundary layer fl'311.11111161,14 

boundary layer 171KlifilfliltilEJT1DM,MflnY11.1910.9 boundary shear 6911ut1n149101111fl 9trnri1 

boundary layer ECI01914flIrirt5ahnii041411111491041ia AB 11,1f1Itilii61114f111111MIJIJI115till1111 

allitMllafIllillt,'flilf)%';9189101f1T111,C4-)AsAllilloTwUD19(i0 AB iMigllia111411I-111JffilatillMJIMI:1 

41,1c1111141irM101140T1114 

Vlitalli1U91111,11 ithl14 tot tai)il4flail tririoflfl1711109h1171'il established flow (WIT, 2548) 

111flIiI91O5`ViDflMJ VIA:911149a119101d14141119AglIVOlUtillUalivumiluniltotlitiitilu 

2V 2  I 2g trip V Cilum-utl-nPthi tti1044)111f1119ATIM19101111fliklitn1111fritialfl,Iiit14191 

Vilitrruerviltiv V OMDfiltif11111110ifl ondiaNbin9f141111 	fiu A-4 nri Ifu ifu cvi am 14 

imil6uoltaliviainnumilm,1/20-manchfintuilinvianridial u V 2  12gAdtviviii wliAIA'41114 

9fl1-191016U011,11D114i-N L' 	 tii9J3J1f14141/101.1 6l fl'IJ pressure head ii'ffra00D1 fe151fl11 

L' fi9t,'91 pressure head 	static head ailfT11 2V2/2g 

1.11 fl fill head loss 11,tihlfringintfil (17591, 2548) 

2.5 flgi-doifficIllicIfilfl (Ultrasoand waves) 

n151i1wiAutinAI1ialfilf1111191111q01f1111M11111119JWIllid14,10d113.11t1 	IMPIAMf11151 

6011-1fl1I1VM4-mflAlammiTiin cil9Jii'EJMITqfrit11111,4fl1:111J1thr,E1n61l9I Lit! 1111-560151 

nil-Twnff,91eni-puolt-licr 

1A110111191 fl1I5ffnillf12;01f1L6MIVnihnlivuollvm fnio615-mi7lvfmalialifittnntai rns 

i'fl6V1111115111D11010iniff 	411149JnilviffliltilfiluIaM6f1Enti1Jr15111fith46Don1a9siinuil91 
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ihtIortaJfwati-bmaimiam 	n15iq6o15in15immtvii6h9 qnuvri4fikMf1115ffin 

111A8f1A146n01111,15tilfl (Raj UMMIlt,', 2007) 

flth-11,11110aFJ1VMDF161146m1111,1StilflYtiD60111,1f11144 11114f1AWMckf1111,1141 20 kHz 414 

411,111,1TmilfiM104f11114141(111411,IfYilliiirj1914iilthnJitld 600 MHz f161141,11110La0A9164.hi 

6F1'016S011 flA141,11110tabliiiifY111Jii 600 MHz iitn11.1011f1A1411101fIlffihnflild 5 x10-7  611011 

)imo 9 iiim19.101"flA1461101ttrfAluainlo 1/7114f1111111111111f1A1-161M1411 

twilamAlittflunAlAnn 

el 	a a 	a .4 9, 
9101f1A14011101'01111f1 fl1I6M1'11,111.1%01flifM141101f1M4L111,10LVEllilt,111M141,1Dtallfl 

flA141,11flOtacienan19111nIensinAnnino tit! ondtvi0111101f1A1,111410aEll 111111141,14 

ni5-7wrinAn(tolnnaillaantiaarn1 	 (65D 1141r,s111M- ) 

frillJEJ111104flAtIfIVIlyfiliffAniiiataraymnt 

rhmitMon-avnivit-On 9 Ifloomtvmatninmialt`An i  nioluioN ilati15ni514tht1enra 

ifluni7111fikwayfloatJAni-mailluniummrviime ilualtiitrafivn11141J5tIo9n1 

tinlv1PilljmituvollAijorm tri3arp11MaivnahnflililntiamlotaultfAmai114 

ufi'Mf1'11J111 Z1 	 (63Jf1N3n) 	 r4fl91nni5 

Al...M91')OfV)11.11itrl 	iilvil,Fw117LilthStUtiM4M11J41-106111-MC4 lt6M,'019N'111.1101,1111f1411 	115 

1.3111J14thtI0951414t9'114fil1 69f1d f11I69 11141fliffif1 

ni11,411121o9n1 	lunItirmaaignA'1111,1ilLfl°qT1f1f1MIIMAIlii11,1O4d1Entivnin1-rwA'mu 

(mnii, 2544) 

0.1 	cm 2  LLOHTINA"111119101f1A116ffio1511,11il'all91611f1111(19MOURIJUllillilfllt1 111014 

1141r11111111,1,111/41.19'1,1%',4J'filohnii 0.1 mw/cm 2  411fAlaii-ntluoialThliinhtinoniltilnEnZ 

MileMiDillf1100d1,11fi (ffImailtrrilavifiluldel (l1'io-t104), 2543) 
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2.6 6M111104f11111144F11641104 

cnInarihnfaIt111,Nilintiiii14t-iitmova41- ivoinnumfiLtiiirj,hIniumil IflEJ 

d-nait-vonilAtrwliltanyouwamwainvall- wlihtimilitilMluvi641-ranlilituuttill 

vAitniofwammrwillnim 

6aoni1viin vivaarFnnsol 	 Ifienctlatm 

tilucvd."11-runmalniutuvislonluthwriruii,uplt-Autm.10 

tatll lilaluvvilnAlufiu flu tilthruvamunwo-ffininTutiltmludiumnifiEualfAumlataul 

69l1d1NA:11-na69iwAt-wilu1Na551ul1^lti 6noulgrrinvimanvisDIEU11.140flItlicialfTtplfl 111 

11171.11f1A1.41111101F1011.11141J1t109111 

6m111ITilt- vil-rurtiiltvalciillIfiuiquiri-Aillulltpiu Lailoantilu 2 t61.111 	trinfivh 

TalflfilliktiilfIDAMAa4111,M111.14fl (magnetostrictive transducers) (fitit71, 2544) 

141111.11101 (piezoelectric transducers) 6fl0111Ialfi,i111/11111VIFITTOITilVD4 

ttUtlid Y1141141.1401,161,1 ;11D LIM81,1144111,1114411152)1tVIVA11111,11411A'4111.1f1D'UNfilIg14 660114 

tiMouvamulcolflinnurtrrA"inIhrpallii.,mmaln-milliquonl 91ncoE1mhinw-nlaciAlicis6 

CdflYlifl (Piezoelectric effect) V4i,419JilElflfi`W'il facIfblAflYlif11/1111,14FI'MfOi"  

Lt11.41.111flUntlicliK)11149filfliliJITMLIME11.41111,r1DIRIATt.'1114P11110flItatdblAP1 

1111/14flallfiLlt111141146111,11f11104 -TRW149filMinfl.4111 (fpittnt'immoi-)) 42E1wA'4411.41M 

6ilf11in4il1^I1 1Aunn66rA1"i1 1Aln4 	;ITU 	flY151146i111S0 ilif11.41111MD1111A"fl411111^1 

ill 8 (rpni, 2544) 



Il 41-VI 

.111•111111111■I 

D11111 8 r11141=1101.111Avf1110111119f6tAfliiiflT1111,1f(F1WIDI 

Clan: ms-A (2544) 

viA'1111,413,141-mIntrirau wanithinifiguanlaamintfiluoiltilflautmlotataNiollil 

EilirlInIgnIlfaliT114V1IiiicaLhigif111,4195114viiiqtliarti,1 f11141,1d92:14i'llf11111010418 

fl'111.1111,1IT1I,14144111DWIl3alMinf1;1114fllIA14€110111'IMID1Y1711,1x644VISDI (Irda9lD1 

LtA1-atilocnOff111 

rTuaafilihnlueiuiviquivl it4UrN1111,111TVal 8 alliiiiff11114111111-Itfilalitilf1111J=01flAMIA1,1 

fllfhilln'filtIVIDf11,4141YENVIIMIfitIVII1(V19:11i, 2544) 

2.7 nailfffillifin Cavitation 

flAUV11110tat1191flr160119S11,141MOICifilr,i11411111,16041,11Mii11111001,11,f140111T1WIM 

ffZ,'DiqfilElflAULI111081 VilllTaiflir1146f11,LM'fillA81841,111,11104VIIM liflacittlflrhIPIMEJ 

imlniwrantunoi-mantiifivilwolDAn 	 41114D1111d11J9r1101600f1911ii 

tilDf1111.1414114eualtiimnfial4n-nuktaln;14  frY1141,1q1flintl6fIfiCiioonann 14114 

23 
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vlalmdliiquoi-m1DE1-117-1fit1-1 tWZI,F41f1111Zififl filf1611,1nmainii11-dttmonliJ9171mfln1nlii 
w 	 ay 

"UfliLY1971,1" 91affilcolovin,11'6utnuointantuvi-) USIVIIrMr,fl100611411011,11M9t,'Ulli 

einu9TiumounfoinvIzonidiiiwomaqmi niIntilWUNTIOlinnuanninocrhilIttlfl 
9) 	 cs 

dJ14611101t1IMYILflflOUTIMOD0111151Z1 qanif,),,ihm„1-1 -111141.4114tintaCiiquwIngiuo- onvii4 

5000°C 	600 Wil9101M13Jkl,111I61filffilflii 0111.1616‘111110Z1fl21 (9l1flfl114114'1W) 	
ea d 

1.11f11.J7n101JfilfMtflADIari4')060171LIV,19M1*111D1L11fll (NMIinniuFwAunInLyin) vii11111 

tma,191TiltifIll'InUfl11 

lilL4EITIf11411111111ell (1flEAPIAllt141611fifirifJ) ttoiqt1.1111),914101111101141fITIUMD1q9i'lEAULITOD 

iFfol 

	

	 tUE1191fInivuenuoimmvoirualyINCtiwuvilui-Amiretthin 9J010)1M 

llit'HU7DU rIaltvidni ta,'tiqnSufniuloupti-145 -3fitll ilillvfp,t11111,1i191V11.51,1tUfitf1911,6fIltirli''14 

kaom9Tiqiumaii,ualtiullvEualtm-nwn,D4maqUilivpuintiblu 

sv 	21 
rirnma linrwillni1141111,1V1101TNITIUrfa:01WM1f1MYTUOtrOJA 

tha:Frviiiirrruov-iliifY319Mr,0191Atlflfillitilidatt11410E,J:fillointthlinitiothl vionun 

qtuvitlil tinFion-dilifyiltfilititiluointihrhfitylunilyht-rnurctaiq4-1641,1tmlotan 

tiliivilttilIgu iticooiodnavirrrualnilvi'l 

q'111f11:01fl4-atmATIVIlilDaEJA 1918LDIAIffointilliii1NfloiElfillttifltLflitY14/14114 61J01611M 

W1ofI1ItiiflLif11tY1971-1 61111r,MJIT01111WItllin'fllIGUO1 

EllaltliWilliJIMOiDfilIC4Ltf11611414 69ftd f1211Jllif191 ifillitilltfirciimmoo611.49,D11,11fll 60111f115LLil5 

91 €11D1LISMYInZalf1061149101tVID') 	 mutcdpenittilNiiicinuqium-,),ii,umaltvm-yrilrru 

160° F lila 

thaantu 71°C (rpsiF), 2544) 

	

fi-vuo4oNttlIgivilintam 	(process 

measurement) frnntliq uAtillieuNfrimiijulf41,1 69514 filSifl60151fl11111M1J1J19109hiflfIlitlit' 

nilifin,ifivU01910101fl'J114/1195142;IM14118"flf1155fl 
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f1119.141,h4t1^106Il69ftin `1141,f1f191f1f11601F1fItelfl (static head) 66"Mf11551qt1,11116.1661JULF19J11016111M11,1 

fllt,11112,' (filled thermal) LIJUUtiNtlilifjc.AVVIAJA,Ifi01,11,6Adlliqt1111,tlin1421}11001119Jiii4 

fniau yam& ulliinnvi-mlathlrolimualutru-gLpinuu4uficritinna 
L. 	.52, 	ti 	iy 4 

F 	 A gD41,1iiill flfl12,141, P CID M19JHUTItilf1111,M' t*l(r11.11111, 2540) 

P_ 
 
A 
	 (23) 

1,671friflItAD1V1,601V1f1110101M (liquids) flicif 	(solids) 114 

Gualrvm-ifiu-mmuitaiuniitlicnnt-Clucvnlqiriitia-i-puolnialtturnIfri6floiAlial 

(incompressible) tiltIri EJ1J 	 fT1T11411,1V15116)fl 	1 (compressible) tf10110101 	fl 

mvp6lunitua,' lumfm€ualcua4am-rnvimmtilolliltiou 91muu*id151i10  8iwiu 
o 	Al 

0111111111M111V11110111011,11nTW14 

fl'31114.14illth4M1-111%011,11MA'flIpitUrIliimy-ii attolintgq (static head) VaDrionirwi 

(head) d'itinniq111 

P 	flliaJii'149101611M11111,i-Mighl bar 

p 	fl'311111141U111.1%04 611011,11fll ill1thEJd9)14 kg I in 3  

h 	flT194,191014101M'111111,1-106114 m 

LLM g Alen toliiLfill 11111.1101u mis2  

P = pgh 	 (24) 



26 

2.8 niiiin6f1lin-Ala11oNvuosilvia 1mni9tigm511v4dn 

6n615i1viln 	6111f11IIIIDIfIEJOlgElflAtitnialklIflartlli10611fllgt61111 66611 

fitIll g̀filiOri111,111iIIMEAD6 2 Mill 	UM] Counterpropagating 61a!',,' Mill Doppler dliili11110,9 

1111 filillfflILVIMMDEJththio64-mtiial4;t1Juihffa,'Iriaufith4 

161111 Counterpropagating 

filliq6011111111VM Iflt11419111.1f4i'369501frOlvilt19.TInililihinlItniifiu 

tiftniacni14-iman 61thl6fl0111191idfltflfl191f11/1111,1d4-M6ai" 	111161012ill 2 (t1) ttat 

flA'3liT149111012ii 2 11.161A 1 (t2) 11.1111171i1611011111W1/11E111414013MMILf18DWil 11ifl&111fl151Vfl 

sv 

11111111tigt A111101U11.101(11111fai'3010if  lif1V(01i6fifiltilflf1611,16flAIlialfilflaitnfit! 

pIiciri6tiew 	 11MMM1llf11I6flADIVA6Tilfild 61141,1 

P,Msoi11 6uOMMlufmtdatici (At) Vtrfilti3iind ollND01116bulrollUflilLADUititilEotil 

6rn9.lalradifi'llfrnUtiV114f111661A014ADIIJDAIM 414%;114fraianicml,uollviDtilutrutiuoilu 

91flY11114V61 1̀1910f 	 1 11164-)ii 2 gt 

A A 	 A A 
tfM01,111611D1f1A1411.14101111M 'Or,irIJIATIrli'll'llf1-111111q114f111.1flflOWVIIJONIf1D1111111D1111fl 

(11tW9t, 2538) 

(11111f161111,4ffil 6011111111M 14101001g614f1f1-11111101flOilli101W31111,11Th 

fllail,a11461101flthifY311R1111i1D1FIEJ1 IflE1W311.111-19tUidnitilDiiffirlilf115111MnilffT1111101f1AU 

11n 9t,' MM11fiailffT111141161,1 	 91 

ffilllItlf11111,4f1f1719J1,1'3114f111111M01 61.104111M114140101915ildlAllIfiliNfl 9 (VIIJirfg, 2540) 



Vf  

Vt 
OP,  

Vt  

Yrl,taiuvakniiri 

.fit  v. 

(74  

• 
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inriuttaotintifilemnIntiluiniuutintiotist 
I 	I 

Yrwil 
(Sonic Path) 

(n) 	 (ro) firivrotta.Ontuiulthiu•illni 

/1 1 11 il;  9 VAIMIT11111411010,1111 Counterpropagating 

919 1: n'aJiral (2540) 

• rJ 
 

Note V„»(Vf)n  

A 	 A (n) irmilnautiavisilivatioluri4inLosz.tactin 111 (Iiiiliiinauiinosilqiiiiiiiium4rourmitiutilltnn 

10  9f J5~1V1~11~c~f~151~~]ftdfld~lld~l1Sfa113Jdds~vcfl2tidf)Sa6~c~fl15~115fl 

9111J1: 6fklf7flg (2540) 
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641111-M113r ALIF111,0:1:11tiflffll 1101`Vial% D Lfialfiht6T'Aiiiitag.',vid(14-rwd11 

Ltm.,4-nanda4t-ii.4411-nmil 10 InitilfAinniitan19-1a-ghiloi-)TuUyiifiu D I Cos8 

21 Lp 

	

	 vso trb i,041vm IctiflaTtuyi-d-m 

f1111111-1 VI- fi1Ii1111 1101 Flow meter fillitlf114cY11-11f1F1-319SDITilV1016'')V161J6141,11`WihivilL1M,'Osh 

talaymuv?iataisaviTtnnuttd-adAwynA -AaltallvintmnAu 
dt 

t1111109rAffIllf111 ir111141T1111,1'n'1111111,1 VSO  + Vf  tn2,1110197-111ffii'101010i-A1111.11101M11111`3 

110111,M11114011Mflgtlf11111t19t4f1d)14611 THIVinh-111111'1711161 Vs0  - Vf  tiloutiThroJni5 
II 

fl111 

9h4MTV11111111,1fai'n,1501ihililli191.0i-All 

t dn = 
VSO +V  f  COS 0 

Lp   
tu (26) 

P  VSO V f C0S 0 

91flfYiliJirmilliCUOlffIJMIV; 1 1,1,a2', 2 9214 

	

tdu  t up 	tup  .t 	 Lp  

1 	1 	tup  -tdu  2Vf .Cos0 	
(27) 

Lp  
(25) 

L 	tup — 1- dn 
V f  = 	P  

2Cos8 t t up • dn 

(28) 



Flow iiiiitili411311101I 
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Q = AV f  = 

■ 
7rD2 	Lp 	tup  — tdn  

4 2Cose t upt. dn 

(29) 

6uP7 L = 	
 

$1114 
P  COs 9 

71D 3 	
(

t up  — (in  
Q = A V f  = 

8(CosO)2  t up .tdu  
(30) 



infri 3 

li6Igillifinlici 

3.1 Irr,ldfiltia 

3.1.1 IT-36M11119frAflY11114r1ii%9501L6119.1 piezoelectric 40k Hz 

gliellci 11 1,1'36M111161filf1T11111V1F1111f04 461111 piezoelectric 40k Hz 



3.1.2 AC-amplifier 414 LEYBOLD 416010 

11141 12 AC-amplifier 114 LEYBOLD 416010 

3.1.3 Function generator 11.4 Tektronix AFG 3021B 

31 

11111Y1 13 Function generator 114 Tektronix AFG 3021B 



3.1.4 ODffifllaraficti iv Tektronix TDS 1012 

fll'ilii 14 DOffoIMIflffIfni ILI Tektronix TDS 1012 

3.1.5 9Thi1i3I4101 jU Extech 410 

32 

D111ill 15 IM  F19711#101 114 Extech 410 



3.1.6 71V1t0101 ill pcospec 105 111,11q 1,000 ia 

f11191 16 .i011,0101 ill pcospec 105 6114 -W1 1,000 'Tod 

3.1.7 Ylairgs 

3.1.8 fltarrAII,0101 

3.1.9 611D11,11 6111alrf 1f1911.f1f11,41,1r411411,1Eff11111110641 0.42 MAI ff1 0.59 1,11011 

3.1.10 diTifliiffltrViD 

3.1.11 1,11 

3.1.12 611AVOlffiifl 911•I1 LICLIP:111,111,1611111011,1 0.53 OJAI rj5 0.30 MAI 

33 
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od 
3.2 

3.2.1 VI-MIMIilfMalfilIifif1119J1111WIUMD1111aAffilkt461M111ITilfl 

3.2.1.1 D0f1661111911/1finNfilliflfl'illIM1161101€1101111flAt1f1A146n015110Iilfl 

9) 
11,1fillO0fltL1111=',V11161p1TWD4fl1151W111.111f416UDI611011IMMt1fM1400111ITI.,1f11,11'1,1 

rdniblfifIlIfill1W111141f166,161JIASII11.112,1VIJ lfltri/fM0111i0 2 66111.1 ern 

Ltillrii 1 gOiriDirt,11flthr,i11,111,1fIflfl11111811.1 0.1 WAS E11') 1.5 WAS Vinoifitliltilifill1111 

%VW) 120 aVlI if19.11flIt11151'36M11119filfrY1111.,IVFYINSOilIT'A'ilLtM'AT'Ifill.41111811,11/1D1f1E1 

fillt9lniMITIT1TIAMVIT1dTV11111D'Flit,1101 -3111fiNIJIt 	30 	111611,1ViD ttM,'10F1floil 

rilunilicln-rmihniu 1414 

VIA'flfillttillM11,10i160101 (Cengel 66M,11t1,1',f,, 2006) ilvlttrN11114111Tifi 17 

             

      

1 OJAI 

      

            

1 OJAI 

           

    

0.05 11.10117-  

AP 

        

       

4-0.25 6IJA5 

          

          

0.1 

1111/111 17 661JlrViO66119.YV1 1 

2 f11111WUlliflttfltttlAllfle.1411-MIVOlf1V111f1111.101 Reynolds number il'lbtVI'fl,911.1 

ninmnn fl (mhinq, 2540) IqEMOLLIJI.Iii 2 31ilt41qtALIFITI111,4f1W11f1106114 0.0139 WM' 11141 

0.00206 LIAI 811 5 1,11011 	 tilrp 0.3 OJAI LanninoT,',64-TATIlnfilifT141,1111 

tillM,'Elt 0.225 OJAI tAuo.Tiumilitlfmilgualvin tut 616409J1lilfillYin IfltrViD111'1110119Jtt14'11111 

tiam 	ttflfl 11 iflifiD4-)tirroTq 	dill I, t111”,' 	
d
l fhl VMD Wirfl 

y  
 lflo191131'Yfl 

Ilit149JiID111141141M1E11riD &1411;101IlictfitflY17114f1ii'ATOil  2 viVIrtnthrkiiilfmilyin 191 

function generator fifilfTtljtylildflT11.1?1 40 kHz Vii111)7-16M1111,1filflYISTLIVFntaNDI 1116fl0151 

Ialftlfrig5114V1ii'dtcHlttliltttlillf1T1J-filailjt1,11a1 40141 tup  (Mliifilf181,16M1I1WIfIVI-31.-1f1Intff 
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!AM' tdo„,„(rmlillrilflAlltinflIliTilfW1111flIntrffllIllinTO4111)  112~1cfl~151~~f 4f1 

VISTUrlii'Mfal 2 1T-1 lil1JJnV214614 30 D4111 filf1A1,16DVII1ITtilfaf16101,1ilrillloT-1f1D11?10111%S.1 

n't11,1rIllttlurralwi-rualtheill,111.16D11D1011,IVID intlffniffniu4141991f1114.nratutindurnIiii 

(24) ttAtilawiuTT-gi'mmIcriinmiurrFratoisoloilifitiOnItfirirtIrTinituoitnii-movroilflffItIll 

ilatf101.113`11,0101 ilv1LLD1111,1111J`ViD11,IfITViii 18 

I 0_00206 1,91015 

0.0139 LIM, 

.1111191 18 t111111riDlaJ9a1 2 

911-111` ANDIMItllIviliNtlylt116DVII1I'llc,m11,1 2 D'vfllitlit' ?ID LL111111181,1DflTiDIAllifl6D 

011119siltlY1711,1r6i11,91Diuunvia fiDWINIT'36DVITITTilfrIrlITLIVIFYHT01414401111 6Dis1111'1117invo 

timvionan 

n11411111 30 olfn iilurmllurnmil 19 unntiruniultrvio n1v141rl6m1I9silfrvn1ur432 01la 

fnullivimfunvitwo-mavalliglaolflii147,111111171141DOILT;', 

Tflrfolayhap 30 01f11 tfiDV01.,•vialkuuNcllalnilitAl°111T16DVII-1 

l'11171f1111111,1f1FrAVOilihnIDIJVIilfilaiD 01w1LION111111141i1 20 
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-10.00206611A1 

30°) 

 

  

0.0139 MAI 

<a ci 	I 

1111111 19 'AfIllrflrfinlillflAU6M1115971f11110140f1TiO 

IT-)6flon-a9silnmivriii-Insalfivm-nntulal 

rnfliuttmirlittlinjitu 

71..002_06 11101I 

30° 	
-n 

-N. 	 0.0139 OJAI 

,t111141 20 ltfinriliftn1t11d1d65flGIS1i6Vidfltna1nia 

3.2.1.2(1149p1MMEIlfl175f1M1111111f191019101111d-)E1f1AU6M1I1IG1117:1fl 

(1) rf1149plirlqf101filliffillifillUVUO4t0111InAtlflAtafl(011119117:111 

01111`1100flttillJ10111111/1flf(0146114191414filfrif(011iflit113.11t,'n lf10191Tiottiniii 2 iltuiqdursiiu 

tflIfJf1fl15111011d 0.0139 WAS 11141 0.00206 WAS 011 5 19JAS liflalVidd1CN)--91f11.11 61V,1 0.3 tkIVII 

1,111111VOIT61-TWilf14116141,13JAVII:EZ 0.225 3JAI atlkiltiglitlialflfl1411D,9140 69lh"ATA109J 

V1911611YIDiorrifi 21 IflovialfiT140111.1iLlnIllielaf16116tflMil SWirieDAtirr1f1SqiwrialTfot 

%‘' Menf91140DOWV11444,91111/611  22 If10191111
1
5-112;4a1 111613J17D1111411.11_1D1E1110 

6MIT1I9f1/lf11/11114ffiil69f81 2 1"(111'NIVIlillflfl11`ViD41ttfif111,1411111fri 23 



PTV197121 filmalffifloiDfilJ480i00111410TifIlI6409J1Wiffifl 

gliiiii;  22 1401,11'1110119JIAII`nialflrolfillttfM9Jii 
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23 TT'16nAliWifrit11114alltqfD1 2 TiViiqoilD0r,vi-illnmoiD 

(2) filIffDIJIMADADT711010111W113.11111WU041.11 

fl'ilinifIWU01611D1111afi'MflA146nOnlilltilfltifit11.4181.161.1f1111.111N 611011,11`1qt11111,1Y..1313.15 K 

ttA1TVT1f11111TIJIJI1r119qn0.1 If1011111.40101,1fllIffainflf141,1 

110 Function generator 1,4161..111116M1I1IGIICIf1T1IlliallInfaltiA10111 tup  111111 tdo  

Function generator lliffif1711Jil 40 kHz Lighiflt14111 sine wave f1f11:11.1 on 111,1 Function generator MD 

VT-36M1I119filflY11111f1F1`31,91017illYillt ttahiviratutiontu v1Vi9l1fi1.1 AC-amplifier 1,1114-114 

input kl
A
AiDiffil0f7tV11,1t1S114TIJUlic31411111411.4 output viOtiiitivooftisfllfrit-nMiudiesinvii19m1 

na-rainDaviaIfilfal 



    

39 

 

      

     

10.00206111M 

 

30°  

    

       

0.0139 OJAI 
171111911t11I1VM 

5111N0'124 f111111fil tdown t
A  

OrN ritnitlIfV
A  
1„10MITlIaTlf111101111flIttrafil111101101141 

tdo. 3.11111010W1114 

(1) 111rP11 t„,„, 4'lttn41111,111-111i1 2417 011t11191flIT')6M11-111111fribatallt 

411-11J1,1 OiDD'itlf7tVgjitlifiltlh6M1111,1filflt9i1611 Function generator IT'ad 

til001129r1011 1tnitu 

(2) vT-AD4liaJinnia-411149-innili-rt,i-Itinniurgo,ualjilutil 

(3) NOTilihiuditivia 

(4) AJ1-116111nAill11,1,151 313.15 K tt4-3AA161,1461 

(5) aldli111.1fl1E11_11f1Ti0141.11111aaltflOntfiaTilifitf1401143J1E111 
A 

13.1D141MMlillIt 	 (01f100VaTMIflffIfitl 

tdown 



, 	L 
1"--. 7—  

300 	 I 

	IN 	 I / 	 I 	 ".... 
,----- 

ciffirIllfllIllID 	 I 	
•,. 
, - 	

-1- 
 

: I 	►  
,

\I 	I 
/I 

-___--•,• 

, 	di 	0.,  0 
11111Y1 25 	tap  69JOVIAntyltlif1MIDM151Ilfr,iflirl'114flIntdf115111M01111 up 

tup  

(1) 111fi1 tup  illttrff11111/1111c1 25 13911f11191flih6M111IIICIflikltriltiln 

4111d11 viDVfltailjilpildriltlkaM151I'llilfltiilfili Function generator 

6OID015TOrfOu61l'6pq1 

(2) Thtf1101111.118It filrailii1491f1filliTtnilifY319JtflIJD41,1111.161 

(3) 9l01d1fillalEnfliTY10 

(4) ArtfilvilAtuvrflil 313.15 K ttA1'3611.1M11161 

(5) tNFlicillifliElillfliii0141:11111flirltflATt,'41.141`1414-1111101111.11011 

(6) ti10111M1Milllt 

tap  

3.2.2 111115F(T1i1111111019palflaalfliS5-1f1-311.111`aq110161101111D4'INALI6M151I9Ititfl 

A' 
f1114 

3.3.1 ninrulalvirwoiwymmaimAmainfmrwa4-Twniumlwualiiiii 
quoirsA 313.15 K oilttV1f1411,1111fINInfl 91 

3.3.2 111W119J6t9iWil (precision) 611019FIlfM01f115S1f1119J1111111019.101111M 

30t1A1,16.00111161itilflifleAllf1111.11111f141011.1 4- 	 1criqflaitlil 313.15 K 

4114111 50 f171 1te151t1INM1111V71I018111filfrillIttlfJ1t9J111.11015111,1 

40 

0.00206  0,1015 

0.0139 1.1.1015 



3.3n114iiii11111Y10A0.1/161401p 

flt='')V1Ellffiff0116M11111f111.11d6 MiliYltratitYlf111,11flrn1919J1fMniltit11^1 

41 



MTh 4 

NaniiitnlivAlaaja 

4.1 NOt111A141p111i100,1111156M113111111910111041110411.14116M111111id'fl 

lun1soanu3191`lfornoao4nisiatn19ntinno591ollmaAtAtt6ao151icriln rrnodo4 

1_15,t;nousli-m&ruqititii, 4 	 rimii 1 61111 &mil 2 criatiiii3Ji-)6aAn19ifin 

1/511161-JVII01 &Mil;  3 6,950111111=i11-11011flthillt)49101114a timic-nrii 4 plf1-311flialfll' 

VOLLVNIZO 

Iflt111A11491041iD1110iffli1fl1500flitifilIcilt141941.6111111qUMMIllaiD 1131611qfl041,i0 2 

111111 111111 TiOLLIlifil 1 116oninnlviatmiliiitilanniiillfflilf1-311f11160151f1151vywnlifirifulil 

ati-wd-ruin in1111150151trfOuiwnladrini% 

ifillutbi oliiinrin41610401f115 

11,0t11,111filfl'31141-111fiTtrO8 1111-i-ifi-nuiwumiiiiiti-Aiq 	laifmciovillAitrallielmialq II 1 

lui-nna4LADAr11-14atutuitu6fl licifilmilivanicilai. 	ulallIoarrialarritnlownvfou 

tAtatv,tilliu muillunilailautuitutnilunruviartial 

41111fl Othltflii1401.11111ii 1 Ihirrun5tAmmu6oninilltiaTalifil4 

VI (20) (Cengel um'fit1a,', 2006) 111411,11t1160151f111114a110111140W.111fl111114,1MID111114 

villd`ViDtillirli 2 Villi1r111.1170W311q1J615111151VM9104111111L1141,11111 Laminar flow 14 hell 

''1111f11:,1115111fltt,11_11-10d11511Jfitrillifi1 Renolds Number V111 0 34 2,000 (rflifTflif ,2540) 

Milf111W311411910A1,1114 01111r11.11115f1 (24) rillIf115rhrlillill,1flai11-11i0 01fl111r11dofl11111d1 

tu 6111iff11115t1Tvilillt111WthllfirilittlitliWri41111119/U91 

qlflinJirviD1C9 2 111111 F1iinigeaflrv1outrJYl 2 111M1flrfAJ15DWYLIfliJ60171fl151.vialvIrilu 

HIM laminar flow ILMT111.115Alfi1lIt111W31114'1,114 

tu 1 a 
ri-mmuilittnillwamii9canniallnia crnriv-anstlinitaa,i'vitlituitul4y■AlufInil 

Lianfilma IM1111JilHavi14611041,1d11/1111111tiLrffl15111M191111ailtillJ1flililA11.1111,̀11LVIII1 

tiff01111,1fl11461;  26 u1; 27 



CH2 100mV M 1000 

Cursor 2 
808.0).1s 

Ext 184mV 

333.340Hz 

Source 

1111 
Delta 

600.0.us 
1.667kHz 

Cursor 1 
208.0 us 

Source 

Delta 620.0,us 1.613kHz 

CH2 50.0mV M 10005 

Cursor 1 184.0,us 
Cursor 2 804.0,us 

Ext f 104mV 
333.343Hz 

M Pos: 500.0,u 	CURSOR 

Type 

43 

Tek 
	u 

4. 

11114611  26 illf11117illffillitlitUtilDIT'36M151I'lfilfli1511-1VIFIWISOid.latlaillVIIGIfilfl 

11101111f11211,VM15111DTD4111 

Tek 	1 L 	U Tricia 	M Pos: 5040ys 	CURSOR 

Type 

11 1111I 27 filflfl17i'llialtIlltULADIT-36M151I9filfITI511,IVii-3111DifiNf131-16M151I9filfl 

IIITyyunInvfniIlvtataloji 

A 
4'41114 qiitaltSanTim5rilitljtuitu6m15-aqiiinintfluTia 	rua49-inrnamt1Toatutillei 

6flA511. 9nInlAitu1m5llitM,Il1f1eil LIST111111rMiliflit1401110I00111M1111411M.11 LIBEY111C1011611 
?:,' A 	w 	, 4 	o 	, ..I 

fl-J11.114161910 4 11 TV19,tirkfilil 313.15 k Iflf191,ATMOli'lfldYiiifilLU&W)11J1111H11,11DTV1 0.000590 
s1 

N.s/m2  994 
9
t ffl1 04 fwl f1 1M11111

4a 10 

11.1MITUfl  0.000656 N.s/m
2 

(Cengel itat,'flt11,1,', 2006) 



vialiiiiiii-36"Don119filinumaiiinca1 

rilitutuluaamil9siinninimia 

Vi114101,1f16116U01910111ia 

E135 J' 141 

0 	 

44 

4.2 NOt111111dU'allif11TPU0.111011M010115iM111.11111110,1110AlliaellElflgli 6M111161111f1 

r111RaOln-niqtymnifloGuavuollvia4-mfithi6amliviincilhinni5lityil 

1152, 101J Afth-31-14164,1 4 im rID 

h-31,611  1 61111 

c1 J1d11 2 Ti0111411-I16a0151I9filf111511Inii'31,615DIfil6altUltli6m151Icifilflg110111TiD 

3 615olcifittm‘;fhliD14flitril046UNIvia 

c1 II ii 4 rf1711q1.111M.'OLIZA1PM 

28 rh141151'11011i16f101110191401iia01fl15iqW311111111R91016110111M4'30f1A1-16a011119fildfl 

if'311`ii 1 ti1111 L'1111611U1rfaifliiildr4111tflItinal1 0.53 111V15 9:1 0.30 WAS 111-1'3f1151Vh;615q 

11141,1614111.111,1115Z,Ta; 0.225 41.1015 1.111-11FIfi9fM119101TiO 1,L4'31Al2.1401,409Jd0611Ti0111 



45 

2 `Vi 111 ii1;116a0111IVII f1111114 rf '3 MD 	ill 1 flaM1 1 1 ITI1 fl i11011,114 IqtY140 

ii611111qt&tailllfurldil141110111 0.0139 11.1015" 01'3 5 t1n15 A51flfl141401A1nia 2 i04119110i161.11T1 

a0111I9r11111'1111,1Vlint,1501 IM114113111i11.11J611 30 0,1111 

r1141);  3 645041111=i1141101MS'11110411041via 

iTtrii 4 iplf1-311fillttM,'01,1r1A4FID 1.15n10114'30 1) Function generator tM,Itilli4d11,17141 

f1111.1t1 2) Ampifier 	 3) DO1ilaffifilli1140110i0fi11f1011ibt1ID5 

1,11p11qaD4A11d11 	1111,111Jnallii111111DMINDO4f11liqf1111.1141MID41104111M410 

fittla0151Ic1f1dfl I00111110141,14M11.1f1a1qtf1401-H1flfl111ThaNiqW)1111111M1041114111)filil 

313.15 K (Chapra and Raymond , 2002) OT4iirf011lifilf1F1141f111 ilarillfr311.1111.4161(precision) 61104 

rirlqflO4f1155W1`3111111106110411041ma4-)ofiAll6A1119riln 	ionnwinnifiqtaAiiiquivifc,),31 

313.15 K i114711 50 fif4 itt151n4M111,9ffnlIfleillifilfnilltilt14111143.11015111.1 (Kinney, 2002) 

141afl15111qa040i4tifiR1111V11514ii 1 



.1" A 
G1111411 1 F0f115-TAW311.11451 	1101111T19Eldlligi 313.5 k AtliplYlgflD1f115IAW311.11111WIJO1 

11011VM4'36f1All 	 i11411-1 50 f151 

1151 

ii 

tup  (s) t  down (s) 60151f115 111a 

Q(m 3  I s) 

omni& 

77 (N .s I m 2 ) 

1`1)o51 mof 

f1'3111flaN1 

tflA011 

1 0.000608 0.0006 0.00003083 0.000583005 11.12722479 

2 0.000592 0.000584 0.00003253 0.000552525 15.77355584 

3 0.000612 0.000604 0.00003043 0.000590753 9.946152378 

4 0.000596 0.000588 0.00003210 0.000560069 14.62366686 

5 0.000612 0.000604 0.00003043 0.000590753 9.946152378 

6 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

7 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

8 0.000608 0.0006 0.00003083 0.000583005 11.12722479 

9 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

10 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

11 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

12 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

13 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

14 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

15 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

16 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

17 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

46 
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., 	, 
0111AV 1 (AO 

f154 

CI' 

tup  (s) t  down (s) 6151f111111fl 

Q(m 3  I s) 

WilinillA 

ii(N .s I in 2 ) 

iliD Mani 
Wi19Jf1ff1G1 

itl AD94 

18 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

19 0.000624 0.000616 0.00002926 0.000614304 6.356160011 

20 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

21 0.000612 0.000604 0.00003043 0.000590753 9.946152378 

22 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

23 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

24 0.000588 0.00058 0.00003298 0.000545033 16.91564896 

25 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

26 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

27 0.000604 0.000596 0.00003125 0.000575309 12.30050134 

28 0.000604 0.000596 0.00003125 0.000575309 12.30050134 

29 0.000592 0.000584 0.00003253 0.000552525 15.77355584 

30 0.000612 0.000604 0.00003043 0.000590753 9.946152378 

31 0.000608 0.0006 0.00003083 0.000583005 11.12722479 

32 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

33 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

34 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

35 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

36 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

37 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

38 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

39 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

40 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

41 0.000608 0.0006 0.00003083 0.000583005 11.12722479 

42 0.000612 0.000604 0.00003043 0.000590753 9.946152378 



91111411 1 (AD) 

MA 

ii 

tup  (s) t  down (s) 6051f1151M 

Q(m 3  I s) 

WIWI& 

ri(N.s I m 2 ) 

rd aiiCI of 

f17111fMNI 

if1A1.1 

43 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

44 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

45 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

46 0.00062 0.000612 0.00002964 0.000606402 7.560619991 

47 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

48 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

49 0.000616 0.000608 0.00003003 0.000598552 8.757284113 

50 0.0006 0.000592 0.00003167 0.000567663 13.46598203 

filtPAU 0.000590253 10.02239586 

filf1`31111dU411114111A5111,1 0.00001699 

ViflNafl15119M01111,WV19MDTVilli1311111.111,111461 (precision) TOIVINa0111151MY)13J11110 

/1011101114AUflA116flV151T9filflitilt1111W311J111191%0111619.t1111 	313.15 K 	50 fliAVI  

f1-311.1Vii1R0d1Will 0.000545033 - 0.000614304 N.s/m2  fillUthifillinft19141001;  0.000590253 

N.s/m2  't1111004611d1f1113J11i1WITILIN15111-al 0.000656 N.s/m2  (Cengel 	2006) ttm.,11 

1f1 -311.1117161111113J 19111114 0.00001699 
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V1fIrQfl151191401111pltila04111fillinallifilitilOWITlilaOlfl15SolfnlinfilFrUDIGUDATI'M 

4-mflA7-I611m11c1riin 

313.15 K (Chapra and Raymond , 2002)e7 t1:11,19h45aual,' 6.3561-16.915 iivallwinp&nniu 

tmicut-Aectifooaa' 10.0223 (fi1f1 J19iiii041.11111.110152111 + 2.59) 4ALIMIA11,1i111^1ii 21 

1 

	

49 513 	2 	3 
48 	 4 

47 	16 	 5 
46 	 6 

45 	 14 7 
44 12 8 

43 10 9 

42 8 10 

41 6 11 

40 4 12 

39 
2 

13 
0%0 

38 14 

37 15 

36 	 16 

35 	 17 

34 	 18 

33 	 19 

32 	 20 
31 
	

21 
30 
	

22 

29 28 27 	
25 24 23 

26 

4,, 	A  
SlliNfl 29 1,1J01451,16ifl'311Jfialiillfla01a1111)1511Fla011iff1111.11111W11041.,111,19,t1111,01313.15 K 

e, 
4111'314 50 f154 GUNGIFITIqaDlfilliwY312J1lifici611016U0111Tha'AdlijaV15119f1111 



50 

9,0 
uanTlf1141A1111115111qn1PMWDAIM11111p1T1RaOlf115iffY311114,1A6U0161101111fli'M 

A 	 t: A 
flMIDflV1511. 911.1f1TAfilfITILM10161101141119pliflijUVIflOillfill glen 283.15 K. 288.15 K. 293.15 K 

303.15 K 	313.15 K '111151,141.110fi'ilralf1111M1AttlA01491flf1151fflaNiqfY311.11411Mallilii 

oliatl 	(Chapra and Raymond , 2002)141a f11511AflDli4lifffl41W1151iii 2 Ua2,11111ii 30 

2 Haf115TAW311JMIR qium,p1 AD 283.15 K 288.15 K 293.15 K 303.15 K 

U11 313.15 K 4181ATIOaD4fl15SWYMJ1111WUDAIJO1111aAEfilAtaaV1511. 01fidfl 

9, tuimil 

(K) 

tup  (s) tdown  (s) 60151f1151VM 

Q(m 3  I s) 

MM& 

r 7 (N .s I m 2 ) 

tliolvisuvi 

fl`319.HMNI 

tA fl 	D1-1 

283.15 0.00062 0.000616 0.00001473 0.001220731 6.671904159 

0.000624 0.00062 0.00001454 0.001236585 5.459850966 

0.00062 0.000616 0.00001473 0.001220731 6.671904159 

ti1LUthl 0.001226016 6.267886428 

filicit1411.194111V11111,1 0.00000915 

filfrilinfilq3J10151114 0.001308 

288.15 0.000616 0.000612 0.00001492 0.00120498 5.700010481 

0.000596 0.000592 0.00001594 0.001127757 1.073905817 

0.000588 0.000584 0.00001638 0.001097584 3.720667815 

thafl 0.001143441 0.301812283 

f11t1i011,11143J1V151111 0.00005539 

filf1119JVIUJ10151111 0.001140 

293.15 0.000568 0.000564 0.00001756 0.001023942 1.884736205 

0.000576 0.000572 0.00001707 0.001053092 4.78526061 

0.00058 0.000576 0.00001683 0.00106782 6.250788731 

f11,A0 0.001048285 4.306928515 

t11d1i011,111,111 10152111 0.00003273 

filf all11111-13J1V151111 0.001005 
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A, 
G1111111 2 (AO 

qurvitii1 

(K) 

tup  (s) cow, (s) 6615inillma 

Q(m3  Is) 

t11-111111.1q 

r 1 (N .s I m 2 ) 

111e051 	1d41 

f1113.1t11H4l 

IflAD14 

303.15 0.000564 0.00056 0.00001781 0.00100952 26.03244522 

0.000584 0.00058 0.00001660 0.001082651 35.16245518 

0.000584 0.00058 0.00001660 0.001082651 35.16245518 

tiltAt1 0.001058274 32.11911853 

filillUILMIL10151114 0.00004222 

t11f1111111111.11151111 0.000801 

313.15 0.000604 0.000596 0.00003125 0.000575309 12.30050134 

0.000612 0.000604 0.00003043 0.000590753 9.946152378 

0.000624 0.000616 0.00002926 0.000614304 6.356160011 

fi1l11 0.000593455 9.534271242 

filtiit1111111111A7111-1 0.00056962 

tilt11111111191J1V15211,1 0.000656 



rdpiAlvoitrimmimdav 

52 

30 

20 

15 

10 

0 	■ 
	 ■ 	■ 	• 

111 fhil 	 16 Ili 

1111) initlivirl )111t1(11041(1011 

280 	285 	290 	295 	300 	305 	310 	315 	9,01111,01 (K) 

Bliffri 30 1,1110116101J1,11011411.10{M11.1flalAiflA01-1110■111Valgfla4f115TAW311.11111111011101111fl 

AtifISII6D0151i9ciitliiih19:0111:19.1 283.15 K 288.15 K 293.15 K 303.15 K 

itmt 313.15 K 611fi1M1111-11191111V15211.1 

qlflY1171%13111.1iitiltY311111116110111140,111flil 283.15 K 288.15 K 293.15 K U1t; 313.15 K 

rilminiiiilolandfnutiniviltAavodlwillf Dom o - 10 iquil 

9,1101/1,37.1 288.15 K 1:111,1101611,14-311.1f1a1iil,fl11MI001fiflti1 0.301812283 ri-nriip,1111111ilii 303.15 K 
9,  2,   

nr110141141-3111fIDTALf1A013J1ffrithlt):llliflall'l iiDOM 32.11911853 Tili101%
A  

043J1q1f  

IsinwaolAndi-Jiimiumarr,roillin-aiqfn1111114.1q111111t1-34qUIlligli111119h4 Eld-1115Z11511 

fl15111111141d1V119i471141,69111014140iffallIflaiM1ADVd0111 
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w
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5.1.1 rirlfM01fl1151fnl3J1111M1D111011111Mi'MlA146M111161Sfif11111491f1f11V3M1 

YJ5a fl01J111fJcf1UflliltU 4 1111,1 

d11,1ii 1 61111 611.16114M1V(ifltel`WrI114f114tif-M11 0.53 MAI 11 0.30 MAI 1,1,141117 

Valt'filiMlflfillfilftallii4 1111,'Elt 0.225 WM' till-Vplilllflfl11110111i0 66A69lt140409.1010fi1l1i0111 
I  
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n
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IMJViDiiinilflir11441`Windflfl111110111 0.0139 MIVIS tin 5 69.1015 0111f-MilliDIAIlt,140 2 iD11111110F1 

fillTb6M15111friflY1711,1rfFilLtal 1f10111111114190Jfill 30 DIM 

114113 6110,91110,Md11191011fl6111101'UNIVia 

ri-auci 4 91p1111fpJL6M,"OMMMNn 

5.1.2 114f1111111JIthif1111611019plYlfM0111-1151f1-311.11111f11J016UNIVIMNIt1A146M111Ilfilfl 

11161910-11M01111011-13J1111f11-19J11111GUEI4411iqfUl1tij 313.15 K 4111-314 50 	14f ilf1-119.1111110C): 

61149111 0.000545-0.000614 N.s/m2  fild&f171111111111:110011  0.000590 N.s/m2  
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LtntallatillivifallIfMlfiLflADV91f1f11TVIWO0151M11111`nfli10111141,11111,i1 313.15 K D01-11h1 

fDEM2.: 6.35-16.91 iia1114filLP&I'llifilflifliflA01410M" 10.02 oilwalutfitiltmanon2114 + 2.59) 
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ff9Jf111110.1 Reynolds number (fildal, 2540) 

91f1r(111111ill  (20) 
pvD 

Re = 	 
17 

'0,.,' 14 	
v  = ri Re  

(31) 
pD 

ti,M9ifrefilfl1161101flyanIllunillmtmaltlifl'IiliifIT1111441 17 iiiminarviaciliii'llii 

nithaiifill R Eln L 	C6Egj11l r innviillnailifia 

v = Pi 	2  (R2  -r2 ) 
4171, 

4114 	
27 Re _ PI  -P2( R 2  _ r 2  ) 
pD 417L 

ziri2L Re  
P -P2 = 

(R2  -r2)pD 

Pi - P2 = pgh A) h tallallilt(li1011,,41.11111146191fliptllfM11140 

p6oh  = 4772L Re  
(R2 r2  )PD 

UM' 	 h= 
(R2  - r2  )p2gD 

A e a 	 A 
L1,1

A 
 01infl D = 2R UM" r = 0 LIJ011911t1,11fM1M1140,14X11fM11140 

N1,1 14 h= h= 
4772LRe 

2R3  132  g 

frnivinEntilunillvmutimmatnnija Re < 2,000 
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4772L Re 

(32)  

(33)  



gllf1Plinfl Il 

... 	, 
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AI 	 w , 0 ..i 
f11111111104141inifillIJM1fltflAellinflfIlliMOTTAII113111110110,9141Mtlattlil 313.15 K 

(Chapra and Raymond , 2002) 

%Error = 
true — experiment 

x 100% 
true 
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