Y Conrol -Nowume, Q?PRGPCHH

SELECT A SWORT LENGTN OF RWER ; AX , AND
EVALUATE HE CoNTROL VoLLUME (NTEGRAL) Forw OF
THE CONSERVATION ERUATTION. FoR CONSERVATION OF
HEAT ENERGY | RERACE C-= PC T w ex. 4

A ifpcf_fd’é --fpc T - T\dpt ﬁ dPs ""\'\sAX‘D

S
N

O |
U
4
ittf
Sh

AX A

As -ne PROBLEM STATEMENT poEs NG INDIGIE ANY

UNSTEABINESS, WE ASSUME STEADY Flel | \.& 3{__:0_



EVALWUATING THE FLUX —TERMS 1IN (A)
3T 7T
@O = -PCpU Bh(_\-g “T‘\ x PC? Dbh chi LIS | i) R

USING A TANLOR EXPANSION , ASSUMING | s ConTINUOUS IN X
T2 = T+ (3Tex)Ax

SThwl, = athxls 2 (G1/x) ax

PLUG THESE EBXPANSIONS IN (B) | AND DWIDE SUT —He
CoMMoN TERMS | AX b

OE o) pCQn( U é; + R

FROM WHICH | ONE QoULD SoLVE FOR  JT[aX .

T \S LUSEFUL To CONSIDER THE RELATIVE WMMPORTANCE
OF TTHE ADVECTNE AND DIFFUSIVE FLUXES. HERE ,
SPECIFICALLY THE RELLTIVE MAGNITUDES oF VOT[IX
AN DY T,é)ﬁ THE SCALE ©OF EACH —eRt C4aN
BE ESTIMATED FoR TTHIS SYSTEM., CONSIDER —THE

CoNTIROL NoLUME LEN&TH S AX, AS AN APPROPRIATE
LENGTH - SCALE ) TTHEN

el Lot B
Ué\/\ Uax

~ T AL
Dax“- e A

WHERE AT 'S —IHE TEMPERATURE CHANGE ACROSS AX.
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THE REWATIVE MAGNITTUDE OF TTRHESE TERMS 1S TTHEN,

.

ADNECTIVE FLUX _ A% = O
DIFFUSNE FuLUX D AT /AX'L D ' {
|

A ':

TS DIMENSIONLESS PARAMETER |
1S cAlLed —THE PECLET NUMBER. |
\T 'S DISCUSSED \N DETAW N '
CHAPTER 5.

U Ax

¥ D >r ) THEN ANECTTWE FLUXES D»OMINATE

DIFFUSIVE FLUXES , AND WE CAN BROP
we TERm DT, < =
ON* X *

]
|

U AX 3 '
\F —6- 22 : DIEEUSIVE FLURES (D;“;‘a ARE ™WMUCH

N [
LARGER THAN ADVEQTINVNE FLUXES Ud“x y
=1

AND WE A DROP UQ—X'

SINCE  AX 1S WoT SPEQIFICALLY DPEFINED, WE ASK | EG,
FOR WHAMA LENGETH - SCALE  WILL ABDVECTION DOMINATE

TRANSPORT

i D O.Lms™ e
= 7 gew ARP2 o = s 5

& OVER ARNY LENGTH-SCALE | AX > O.don | WE MY
NEGLECT THE WWMPACT OF DFFUSION \w (A) FoR
THYS SNSTIEM. 48 —THE PROBLEM ASKS TOR A
DESCRIPION oF JT[3R AloNe A RWER
CHRANNEL. IN SUCH A SNSTEM |, THE LENGTH
SCALES OF \NTEREST ARE MUH LARGER
ThaN \O em \, ; AWND ARE MORE LIKE \ OO~

o WS | TTHEREFORE | For TS SNSTEM




WE CAN SAFELY DROP THE DIFFUSNE TTRANSPORT
TERM. TTHEN | (@) RedCES TO

L
Wy Seie PC-?\r\Ui_)‘( * Ns
FROM WHICH |,

3 s Is'm* K

@ e sl ?van*%»ﬁ‘“\z‘)(mxms-‘\}"ﬁ

UNITS
CrHEQWK QUT.

VUSING THE STIATED PARAMETERS

ST 8«3:::\)\1\«\;'4:3 > =2M64%\ 30.2\:-‘%\
@ N (oo azeoimX1'D)

X DIFFERENTIAL APPROACH }

THE CONSERVATIION OF MASS EQUATION CAN BE APPLIED —TO

IRE TRANSPORT OF RHEMT ENERGY BY NOTING —THE

CONCENTRATION OF HEAT ENERGY : e [3/;#-3 u PC\: T
THEN, TTHE DIFFERENTIAL FORW OF ~THE CONSERVATION
BEQUATMON 1S, FoR INCOMPRESSIBLE FLOW

> M et e -

2
P5e) 3%“‘_3"\:(9‘353 BASTE RS



e \F WE NEGLEC P Q(‘Y\ “THEN P#Q(X,*{,z t\

e THE PROBLEM STATEMENT GWES US V=W=0 , AnD
\SOTROPIC , HOMOGENEOUS D - =Dyx=Dy =D, #—Q(X,\[ 'z.\

* |F WE ASSUME THE SYSTEM 1S UNIFORM (WEL_L- MIXED)
WY 22, TIHEN ~F £y 2)

- TIRE scmace. TERM 1S GWNEN AS A SURFACE FLUX,

- [T etw?). sinceE THE ERUATON

'DEEA\.S N VOLUME CONCENTRATION | WE ™MUST
DIWIBE BY DEPIH 1o PUT TTHE SQURCE
TJERM 1IN CONSISTENT UNITS.

\'\3 FEEA RN ENERGY PER SURFACE AR |

"X\ﬁ Pee = 2= S

)
Ny  Jly? | enerey PER YOUME
S S

APPLYING TTHE ABRVE FOINTS | (9) REDCES 710

w Pia Rs
o pee |5 T} g v

R "TNRICAL LENGTH SCALES OF WITEREST ALONG A RWER

CHANNEL , AX ~ \cOwm 1o Wm'® | vT 1S EASY To Show

TRAT TRE DIFFUSION TTERM () 1S Sthall COMPARED
—To (D) THE ADECTION TTERM. 1THUS WE WILL
bRoP DI T[IX? 44 WIT[ax

SEE SCALING ARGUMENTS GNEN AROYE



FINALLY , NOTE —THAT —ITHE BRACKETEN TTERM \N (h)
'S TIHRE  TetAL DERWWATIIE

H
BT ST Stee o lEsE °<:1
; e e = LS
() Dt Se T o X ]Dcf'\f\ (T

THIS EQUATION MAY BE READ 1IN —THE LAGRANGIAN CoNTEXT P‘s)

FOLLOWING A PARTICULAR FLU\D PARTICLE , WE
WOLLD OBSERVE V1S -JEMPERATURE 10 INCREASE
AT TTHE RATE [Hs/f)c?\—\‘) sels,

SCRNE acut ';_\c_?;\,:&-\:

-
—— ‘ft

TPROBE MOYING WYTH FlLow,

\F THE Flow |THERMAL CONDITONDS ARE STEADY : 61{3{; =
HeEN (1) ALSO PROVIDES A SIMPLE DESCRIPTION

OF SPAIAL GPAN‘EN"I

() ST = u_PC \.\ [C]



