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ABSTRACT

Heat trénsfer coefflclents and temperature profiles
for fully developed turbulent pipe flow with unlform wall
temperature are predicted for Pr =1, The continous and dif-
‘ferentiéﬁle velocity profile_ﬁf Pai‘(lf'ié'used to integrate
the energy equation nﬁmerically.'Turbuleht pipe‘flow is as-
sumed to be steady, and thermaliy and hydrbdyﬁamiéallj fully
_developed. The ratio of the eddy diffusivities is taken to
be unlty. Axial conduction is negleeted and the flow is as-
‘_ sumed to be axisymmetric with constant fluld prOpert1es. The
vresults obtalned are presented as curves and tables. Three
.correlatlng equations are given Whlcb predict the Nusselt

number for'liquidametals and;iqfﬁgQSQS;

lNumbers in brackets designate References at the

) end.
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= m buik mean temperature
t t_ime
n radial component of time—mean veloclty 4 ;
fn ax:Lal component of tme-mean velocity |
W mee.n value of w - : 2
y ' dimensionless distence from wall in ﬁhivcrsal ‘
- veloc_itj profile | "
'iy distance from wall

2 - axial position in the pipe

Greek Letters ,

s _thermal molecular dlffusnn.ty, \t/_?c? }
| e?’ thermal turbulent diffusivity
Em momentum turbulent diffizsivity | | ~ o
v momentum molecular diffms;i.vity, \’/ g | | i

: dimensionless radius mthin the pipe | ) } ‘
dimensionless_-local temperature
dynsmic viscosity : 7 | - '
transfer of z-directional momentum inr direct:l.on

T
e
¥
| ? '_msss density
T
[

shear stress at the wall




Dimensionless Parameters

Nu
Pe
Pr

" Re

Nusselt'numbéf, hD/k

Péclet number, (Re) (Pr) .

Prendtl number, CpV/k

‘Reynolds bﬁﬁbér,vﬁmvp

Subscripts .

- b thermal value .

m

the constent heat flux value . , .

.momentum’vé}#é,nmegn‘value__; |
laminar value |

. epp turbulent velus

o value &t the wall

- value at the center line

. rad;él-value

Superseripts

7 fluctuating component

- time-mean value

" " owell tempersture velus .



© . I. INTRODUCTION

Seban‘anaVehimiéeki (2) made the first gttempt?to
1nvest1gate the rate of heat transfer to flulds flowing
turbulently in a plpe w1th the wall at unlform tempera—‘,
;hture. They followed an analytlcal method in which the uni-
versal velOC1ty proflle was used to obtaln a solutlon for
the Nusselt number. The eddy diffusiv1ties were assumed‘
to be equal Momentum transfer by eddy dlffusion in the N
1aminar sublayer, and momentum transfer by molecular dif;’&
. qu1on in the turbulent ‘core ‘were neglected. Martinelll 8
'unlform heat flux solutlon was used as the flrst approx1-
.,matlon for temperature dlstrlbutlon. ‘The authors were the"
first to point out the difference between the heat trans-
fer‘rates:with‘uniformwwall,temperatﬁre andeuniform heet
flux;'eSpecially at low Prandtl'numbers. The ratio~between
}the heat transfer coefflcients for the two cases was shown
to have a maximum value of 1 37,;w1th the coefficlent for

the unlform wall temperature case being the smaller of'the;

T

two. Eor'Pranatl’humbers‘1e5s'fhan‘0;1;'théir results were:

correieteﬂiwith‘tﬁe following empiricel relation




. . ’ L 0.8
Nu=5.0 + 0.025 (Pe)

.for.uhlch the maximum deviatlon is 6‘percent.‘

| Sleioher and Tribus (3) 1nvestigated the case of
unlform wall temperature in the thermal entrv reglon, from
'whioh'other solutions can,be obtained by the»method of,su-‘
" perposition. Their solution degenerates asyptotically to |
the fully—developed solutlon. They used the method of sep-:
-aration of varlables to solve the energy equatlon. The re-~
',-sultlng eigenvalues and constants were evaluated by using
an analog computer. The ratlo of eddy diffusivities suggest;
ed by Jenklns (4) was used after oorrection based on the ;
vexperlmental results of Sleicher (5). For Prandtl numbers
less than 0.05, the results of unlform wall temperature are .

'predicted w1th1n 2 percent by p‘

0.30

| S
'Nu:6.3‘+-o.016, (Pe) (Br) .-

,The authors also present a‘plot of the ratio‘between the 8
Nusselt nnmbers for constant wall temperature and constant
_heat flux versus Reynolds number.A | B

| ~ The present analysis is almed to predlet the heat
'~transfer eoefficlents for fully developed turbulent pipe |

flow under oondltlon:ofvuniiorm‘wall temperature, and(is



31m11ar to the work of Seban and Shimizaki (2). The prin-
ciple dlfferenee is that the present analysis uses the Pai
veloelty profile, whereas Seban and Shlmizaki use the uni-
‘versél velocity‘profiieQ | |

| .ThelPai:veloCity profile, to be discussed in detail
latef, is centinouslyldifferenfiable over the entire pipe
cross. section and flts the physical boundry condltlons. Be-
cause of its algebraic simplicity, all phy81cal varlables
‘may be maintalned in the analysis. The Pai proflle was a130~
used by Haberstroh and Baldwin (6) for the unlform heat flux
}:case. Their results are in good agreement with some well
fknownanalog1es.

The energy equation is numerically integrated by
means of an 1terat1ve method ueing a dlgltal computer. The
turbulent pipe flow is assumed to be steady, and thermally
and hydrodynamically fully developed. The ratio of the ed- h
'edy dlffu31V1ties is taken to be unity. Axial conductlon is
-lneglected and the flow is assumed to be axisymmetrlc with
"constant fluid pr0pert1es.

Since the solution of the energy equation requires

\
}

' the momentum results, the Pai profile is presented next.




 II. THE MOMENTUM EQUATION

A. The Pai Profile

~~ The  laminar mqm-entum equation for s‘heady, fully de-

veloped, two dimensional, constant property flow is

dp

-
)-; ¥

€

d,.4d
Ar(r

o

C =

Transfer of z-directional momentum in the radial direction

is by definition
‘.I?herefor'e

The shear stréss at wall is defined as

(ZQ) =" (t\&m)r:ro s

\omn

From the momentum equation

7

o

o ;_ro __E .
(Z\m)r:ro_? dz



Then the laminar momentum. equation becomes
04,0 =2 (Zo)um L. (1)

“The Wrbﬂent momentum equation may now be put down by ‘ana-

logy as,

\
~

i‘—r (r stﬂ;) = e (-C°)’cur _‘f-—‘-; ' (2)

where the apparent momentum trensfer is

-Z0vr= ‘ mo\.—‘.- Zeéé\j
or

R - Sy v

Eddy diffusivity for momentum is defined as

=W
(S R
dr
' Theréfore
S dm dw ) ,
C Ta= PO+ € 52) )



The bar on the,mean,velocitq,w}will'now be dropped for the

seke of simplicity. The momentum equation can be rewritten

as
—i—;[r?(b+€m)%—‘:’]= 2 (T, + (4)

Integrating Eq. (4) once

Tur Yo

‘ ‘""r?(’()-\?(m)i" ’ C.C ) —'+ C'

Using the boundry condition

the constant c vanishes,-giving

-g(fu-i—t s '-m

";Uf r°

Introducing the dimensionless radius T]ﬁ-IL
. N . - .. - o

?(/u-%e %-"r-{: (’C ),m'_ o1 - (5)

Since there are two ﬁnknowns in Bq. (5), namely the eddy
diffusivity of momentum and the veloeity gradient, it is

not possible to obtain a unique solution from the momen-—



tum eQuation. Pai (1) assumed the velocity profile to havé
the following form

: 2 24
o= [1 N e ) 'J \ (6)
e, ' .

which satisfies the condition of symmetry at the center
1ine,:and is forced to satiSfy the other physical condi-

+tions at the wall as follows

=1 wi=0 (7-2)
\‘L: 1 Q“‘-‘:. . ' (7-b)

.fThé émpirical constants ¢ and o, can'be_deterﬁined from

' Eqs. (7-2 and b). To satisfy the first condition
1-c¢ -o=0. @

Substituting c, from Eq. (8) into Eq. (6) yields
- 2n ., 2n 2
UJ__ -~ — -
w;[.‘—'“l "'_L‘“l(rl Q)]

The second condition can be satisfied by differentiating

'Eq. (6) and evaluating for 1|=1

-l

dn

c‘u.u)

=2we [aln-D-n].

n=1"



Differentiating Eq. (5) and evaluating for Vl==l

PRI Ule .va
;‘ :...i, . _'; - ':_!_- Vooe
< Nl “J
Equating (9) and (10) gives
{ 'Z_" A
. - ol % e
P N Y e e
- : i
Therefore
- "
i\ L':>‘Z.u'(‘
n — e e < -
) 2w p
ey — - .
1 ‘n-1

(10)

The shear stress at the wall in laminar flow is given by

(t")\am— ": °

1f we define
PR ( T'°)"tur o
TR
EKUCP
then

&= (.zo)\:u} .
CZQ Lqm'

L

We now have -

(11)

(12)



C].:g - i - - 23)
and
Cazlfclzi— 2:1 = 3““‘;_ (14)
The résu;ting dimensionless Pai profile is then
ge-aa T o a)

The parameters n and s are empirically determined functions

of the Reynolds number albne, as will be shown later.

B. TFeatures of the Pai Profile

The Pai profile is continous over the whole section.

It satisfies the following fhree physiéa1>boundry conditions

rl

o dw -

. N=0 dq"o

Q’-‘- l. W:O
=1 . =0 .

' The first boundry condition implies that the slope is zero

- at the center line. This condition is not met by the uni-
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versal.velocity profile which.has a(finite slope at the‘cen-
ter line‘and hence a discohtinuity.}The universal velocity
'proflle has>two more discontinuities, one between the tur-
’bulent.oore and the buffer zone and anofher between the ouf;
fer zahe aad the‘laminar sublayer. |
| L,i Since the constant s represents the ratio betweea

‘the turbulent and laminar wall’ shear stresses, When the two
wall shear'stresses~are equal, the profile degenerates to

the laminar profile. Thus with s=1.0

wo - | - ae

1. Determination of Parameters s and n

The parameters s can be expressed as a functlon

of Reynolds number only, as follows

S.___('Co \-_u,;_. ('Cc)ru( o _ (C)’cw 5 o\ ‘i o s
th’)\em 'awc\" E "i ?We 4 W -

(RO {I-,C _ an.

7

It can’ be shown that the parameter n is also a functlon of

Reynolds nnmber only. The mean velocity over the cross sec~
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_tion is given by
- | o
W=2 ) wadr. (18)
v o . : =
Subetituting for W_from Eq. (15) and integrating gives

W_ n+s | |
E—E(:-\-D ) - | - (19)

Soiving fpr-n and substituting for s from Eq. (17)

£{Ré}—1

With two experiments,wone for the'frietien;fector
‘ and one for the mean—to—maximnm Velocity ratlo, the. para—
meters h and s may be easily determlned. Brodkey (7) cal=
culated the values of n and s from experimental data. He
notes that for the hlgher Reynolds numbers, the value of
the Pa1 velOC1ty proflle near the wall hecomes hlgher :_.
than the experlmental value. The maxlmumldeviatlon‘oc—
cufé et‘about a érof 75 for Reyndlds numbéré greater than
lb e He also remarks that the Pal proflle represents the

ve1001ty dlstributlon over most of the tux%ulent core at

-

all Reynolds numbers. Haberstroh and Baldwzn (6) compare

' the Pai velocity proflle tb experimental profiles and con—
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clude that the universal velocity pfofile is in,gghefal‘a
beitép approximation than the Pai profile.

| : Brodkey (7) gives a plot of the parametérs»n and
8 versus Reynolds ﬁgmber. He also suggests fhe following>

correlationss

i

| - -3 _0.833 |
0.585 + 3.172 x 10 = (Re) Re < 2800

3.5\
)

8= 2.417 x 10"‘2_ (Re 2040 < Re < 2800

s=1 | o Re < 2040

‘ ' -3, 0o
n= - 0.617+ 8.211 x 10 O (Re) .

'l‘h_e_ firs‘t two equations have average deviations of 2A.3
and 5}1 percent respectively and the last one has an av—
erage deviation of 2.9 percent;
The values of n and s suggested by Haberstroh
‘and Béldwin (6) were used in the present analysis.'ThéSé
valu.esare giv_en‘in Tabl’e“;li.}};g'; o
2. The Eddy Diffusivity for Moméntum
The Pai assumes zero eddy diffusivity for momen-—
tum at thé wall, as indicated before. This comperes to an

eddy diffusivity of momentum of zero for the whole laminar



Table 1

Re

Laminar
éOOO
3000
8000

10000
30000

50000

- 70000 .

100000
300000

500000

The vélues of the flow parame%ers

n

9.25
3.31

9.00

10.93

26.51

39.91

52,18

69.27

165,12

247.00.

S

1.00

1.04
2.86
643
7456

17.60

26.62

35.04

46,97 .
116.40

177.83

for the Pai velocity profile

13
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subleyer of the universal veloecity profile. The eddy-to¥
molecular momentum transfer ratio can be defenmined fromk
the Pal profile, Comblning Eq. (5) wlth Eq. (ll) and Eq.

,(12) g1ves

e 4(—1_‘_ ) u) d'\ - 25\1. | (21)

Differentiating the velocity profile and combining with.

{21) yields '

€m_ S 4 (22)
v n— 5+n($ \)rza\'\—l | .

whlch has the follow1ng values at the wall and the center

line
- éﬁl_
=1 W=
€.m r\(S-\)
=0 =
q-, 4 n-%5

.

| The eddy dlffu31v1ty of momentum for the unlversal profile
becomes dlscontlnous~at 3-ESand goes to minus 1 at the cen-
ter 11ne, whereas the eddy dlffu51v1ty of momentum for the
Pa1 proflle is cont1nous over the whole plpe section and

has a non-negatlve value at the center 11ne.
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III. THE ENERGY EQUATION

A. Laminar and Turbulent Energy Equations

The laminar energy'equatibn for a steady, two di-
mensibnal, constant property fldﬁ is

3 /2T T _ . c 31
-%“—( >+-k32 ? E{BZ

: where the axial conductlon term k3 is usually neglected

3

: The Fourler s law of heat conductlon gives

3F°T % ( /f\)mm , (23)
.Wijh Eq. (23) and with the axial conduction term neglected,

- the energy equation becomes

2 (e (W)= £ G55 -

L
=
The turbulent energy equation may now be put down by ana-

Logy, a3
| _ 2T
FEOORNael=-s &% @

where the apparent heat flux is given by
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()agy= IR, * (g = - (R 2L - p G 0T

Eddy diffusivity for heat is defined as

m
o

V=N
—i|—

it
I

- ' (25)

|

o/
M

Then

.‘ (ﬂ/ﬁ)ﬂvf (k ¥ f(’\’e‘\_)“ “?C (DHQ‘QB\’

combining with Eq. (24) gives

2 w - w2l . :
2-,—<<°<+€h)r ) w = - (26)

—

r

The bar on the mean quantities, w and T, will be dropped

hereafter. The boundry conditions are

f T DR '
r=0 ar 0] | . (27-8')
r - ‘;.0- T = To (constant). (27-Db)

B, Thermally Fully _Developevdv ‘Plow

T

Thermally fuliy‘developed flow is defined as



To-T

Then

. 3 To"-T )= o
37— To"Tm

or

\ PAR 1 2T To-T MITe

.= (. 9?‘@

_3Tm

To=-Tmdz  T,-T 2 (To-Tw) Loz
Sineé.wall temperature éonstant

JTa
-0z

=0

and E§.a(29) becomes

o

TR AT To=T 3Tw - g 21m ,
,“'7{ 3z Te-Tmoz 3z

i

¥z

=0,

17

_(28)‘*

(29)

(30)

- 3Th 1s not a function of radlus, r, and ordinary ‘deriva-

az

tives may be used for thls term instead of partial deriv-

ativés,vmhe»enérgy équation now becomes

- | . AT
%F[(o(*.eh)r%-—:- = rvuJB -A-Z—

-



C.

i

Integration of ‘the Energy Equation

‘.. The energy equation can be put in dimensionless

form as follows

%'; [(cx * Qh)('\'o 'Tm\ 3 Tor T

&

or

T-T)
A(To T:ﬂ - r

4%t

d Tm
fo g WO T

dTm

TBwede

4 - -
:F?bm an energy balance
(), 2T dz =

.or

El(qﬂOo

dTm _
dz  §GWr

subsﬁituting‘Eq. (32) into Eq.

one obtains

= (To Tm)

(31) .

C? (?W“‘ r: ) AT‘l"’f\

(32)

(31), and using



a €y 49 4 _ <
EL(\*—&)“{;:(]——NU%

The bbundry .conditions becomé'

do

=90 —=0

-
n=! - 8=0.

Integrating Eq. (33) once-yields

0 N Lo, sy
::‘Tl - W/U-)c (\ +E-h/c><>

A second ihtegration giVes

5= % & 9<wc)"l.érl

w

We

W/wc XCT™N e

q%

19

(33)

-(34)

N_ow the Pai m’ofnven'bum results are used together with the as-

sumption of equal eddy diffusivities for heat and momentum,

From Eq. (22)

Em_ Ew_ s(n-1)

/l/ ,IJ n- 3+n(5 \)'.la\'\ s =

and from Eq. (19)
W oo n+s
We 2(=+V)
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substituting into Eq. (34) gives

o | ﬁ{u U, 0-5 2 o)
e.#NQS\ f_nCJr_s)ng _T‘I-——-,-Q ) QGAQA | ey
- "l. '(Y.""P'.‘[n S+Sl‘1g: l‘))rf'“ 2 m o

If the integral on the right hand side of Eq. (35) is call-

. ed F (r(),
. + 'z n- n- ‘
(“0 S‘ 3515)3 - 2= AT eAH 6
& P([H_ r\'_ _S+n?é“‘) |r)l?-\r\ 2 —!‘-“ i '
thén
BRI O - on

.S:mce F (r() conta:.ns the unknown,e s @n 1terat1ve proeedure
must be used for the solutlon of Eq. (37) Once. & value of
G is assumed, Nu number can ‘be calculated as follows

| 'f__\nD_ E(q/A)oro
Nu= == (To-T)K

Q) =-E(n Tm)( ),\_

/Nu=—' ?-(-—-)'__‘ . o (38)
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The ne#t approximation:to 6 can be found by Eq. (37).after
. tﬁe integrél F (Q) is gvaluatéd, The‘iteration oontinués
until the difference between successive Nusselt numbers
beéoﬁes insignificant. The procedure fér the evaluation

of the integral F (Q) is presented in the next section.



IV. THE COMPUTER PROGRAM

A. Procedure

In the computer program a somewhat different itera-
tion procedure was. followed° In this method, the mean value

of the,dimensionless temperature profile is first calcu— ‘

la%ed.

1. The Mean Value of the Dimensionless Temperature Dis-

. tribution
By definition

- Tm
m TO T ™

||
-

@
l

aﬁd glso‘ v
: &‘.9 w ET\'QAC\Q

:?‘ =1
em &\uZﬂméq

substituting the equivalent of 8 from Eq. (37)

g F(Q)wr.r(&l
(8 qd

~ Substituting the Pai velocity profile from'Eq. (15)
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Mo §. F(n) Lndn
L C-23T-5 )Q‘*‘l

integratlng the denominator and s01V1ng for Nu gives

. a+s -
Nom— D2l | (39)
AN O QA'I |

2. Integration of F (n)

First a dimensionless temperature profile of the
form
9=Q+bq+mf+df . h l"thm
was assumed. For the 1owest Reynolds number used, thls
startlng temperature proflle was a third degree polyno-
m1al approximatlon of the lamlnar temperature proflle |
for the case of constant heat flux° For the hlgher Reyn-}v
olds numbers, the temperature proflle of the prev1ous
case was used as the startlng proflle° The flrst 1nte-
gral in Eq° (36) was integrated in closed form and call—
ed f (q}, gIV1ng
' \} _ E(n+0
Op 7 Toas Q(Q)AW
- “S{n-1)
) "d\"'?r N=S+A(s-) g e ‘jk

(41}




where

{(Q)f-g (a-\-\ovp-cq-\-év'o(‘ :\? : \"'L )Y‘LA"(

2 n- 2n+?2
= o ‘Af(n-?)'{f Cn- \)(en+a)'l ok

2 h-g S =) Zn+d
b ( "L--“S?n-\)q— EoEHt )T

2-nth
)+

4
C(_:\L— G(r\—\)wz (h-\)(2h+4)rl

‘I n=-s & S -\ 2045 ; , |
d( %(n-\)1 (n-')('aM‘-‘a)'1 " (42)

The Simpson rule was used to 1ntegrate Eq. 641)

. nﬁmerlcally for given Prandtl and Reynolds numbers, the
later determlnlng the values of n and s. Slnce the lower
limit of the integral is not definlte, it was necessary |
to0. 1ntegrate F (Q) for a sufflclent number of different
values of the lower llmrt° This resulted in a set of val-
ues raxher than a unique value, the set giv1ng the ten~
perature proflle after multlplylng by the Nusselt number
acCording to Eq. (37). The values asgigned to the lower
llmit varied between zero and unity, since o< & _rl<\.
After completlng a set of calculations, the number of val-

| ,ues used as the lower limit was doubled, and Nusselt num-

24
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ber reealculated,.This pfoeedure was repeated until the
diffefence between,succésoive Nuséelt‘numbefs was less
.fhénqupl.AA_similarrprooeduxelvas used in connection
With‘the number of integratioo lnorements ﬁséa in the
numerlcal integration of F (Q) Thus the total number}
of 1ncrements used were equal t0 the product of the -
number of lower limit 1ntervals and the number of 1nte-
gratlon increments._Thls totgl.number beoame-so 1arge
for high values of Prendbl }'and Reynolds numbers that

it was not possible to cover Reynolds numbpr.gfeatér‘

then 5)
For the purpose of u81ng in the calculatlon of

the temperature profile and the Nusselt number, as. de-

» scribed in the next sectlon, a third degree polynomial

was fitted through those values obtained from the nu-

merical integration of F (q), in the form

t

F@=osbaredt @

Authird.degrée»polynomial waé chosen because it;gives
'the 1east root mean square for all Pr numbers used. This
olynomial turns out to be almost exact for Prandtl num-

bers less than 0.1, For Prandtl numbers 1arger than ,




O;5,'a higher degree polynomial would have been a bettef
dholce, but since the reglon of major interest is the 1iq-

uid metal range, the same degree polynomial was used for

, all eeses.
“3;: 0élculation of the Nusselt Number end the Temperature
7 Profile |

After combining. Eq..(ls) with Eq. (39) and substl-

tuting F 02) in polynomlal form one obtains.

n+s

Nu= o1l . (44)

4§ (ovrbirediradd0- S84 3 “)'v"l

Carrying out integration gives

S : A O+S
Nu = AP (4%
‘ S ﬂ:nies +2S 40 410S
4?:+\)] +b i\s(ane)] \2(n+z)‘\+é ‘-35(?.n+ 5)1

'The‘first approx1mat10n wasrobtalned for the Nusselt3 num-
ber by using Eq. (45) and the temperature profile was ad-
gusted accordlng to qu (37)° The adgusted proflle was

..then used for the next evaluatlon of P (q) and the Nusselt

e

‘,number. Thls 1teration scheme was contlnued until the Nus-

selt numbers of suece351ve 1teratlons differed by no more

26
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than 0.1 perceht¢
| 4;d Reduction to the'Laminar Case
It was before shown. that the Pai velocity proflle
degenerates to.the laminar velocity proflle,_d, |

‘ 2
w

.—:\-—\l
w L

c

at a Reynolds number of 2000. Other lamlnar relatlons can

be obtained by settlng s equal to0- unlty in Eqs,v(42), (41),

and (39), g1v1ng

i 2 4 s ’
R £ 0

\2

F(TQ 'a& 'S"r(' O un

and

’ \ 2 - )
4& (- )FGOQAQ__ ~“d
The computer calculations gave a Nusselt number of 3 656

o

for the 1am1nar case compared to the accepted value 3.658

_nghe difference between ‘the. bwo- values is 1ess than O 1

percent.
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B. Evaluation of the Program

The‘number of interrals usged fer the lower 1iﬁit
-ef fhe integral and'the nrmber of inerements of the numer-.
ical 1ntegrat10n were doubled and the effee‘t ‘on the results o
dhecked. In this manner, use of a sufflclent number of in- |
crements‘was ;nsured .Once the number of 1ncrements was
rdecided for a particular case,.the convergence of Nusselt‘
_number to its true value was obtalned by 1terat10n,_Itera-
*tlen was continued untll the Nusselt numbers of successzveﬂ
;1teret10ns dlffered by not more than 0.1 percent. The lam-
: 1nar solution obtalned on the computer, Whlch showed good
agreement with aecepted results, is a measure of the va-

o

11d1ty_of the computer program.
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V. THE RESULTS

The caleulated}values of the Nuseeit numbers are
shown in Table 2. The range of Prandtl numbers was chosen>
‘to be between Zero and unltyo>81nce for large Prandtl num-
bers the difference between the Nusselt numbers of unlform
wall and heat flux cases 1s not 31gn1ficant Prandtl num-
‘bers larger than unlty were not condlsered. As the Reynolds
pu?ber inereases -the required number. of 1ntegrat10n~1nere—4
'ﬁeéﬁs also increases, and numerical integretien‘beeemes
very tedieﬁs.lTherefefe‘Reynplds humbers 1arger then, 5*405
were not.eevered. | |

o The_calcﬁlated values of RNusselt number;yersus
ﬁej@elds ﬁumber are plotted in Fig. 1. The cogvergence:ef'
,ﬁgeeelflnnmier to its laminar value at a Reynolds numbef |
of_ZOQO is a consequepceAef tﬁe,Pei'frefile used; The genf
erel beﬁavioﬁr‘of ‘the eurvee ie'eiﬁllef to»fhe:behevior;:f
ef those for constant heat flui given by Heberstroh and
' ﬁelawin (6). ~The-following empirical eqﬁations‘may be used

to predact the calculated values of Nusselt n.um.ber° In each

case, %he average deV1at10n is shown in parantheses.




For 0.5 € Pr < 1, (Gases)

0.3\% 0.5

0,176 Re  Pr (2.0 %) | (49)

Nu

For Pr £ 0,05 '(Liquid-metals)

0.%33%

1@;1-:%147qr 0.0233 ((Re — 1000)peY % (3.3 %) (50)

or

= 4.88 + 0.0056 Re Pr 6.6 %) (51)

- The Nusselt numbers predicted by these equations, and the
correspondlng percent dev1ations are given 1n ‘Tables 3

through 8

The present solution and the solutlons of Sebanp
Shimieaki (2) end Sleicher-Tribus (3) are compared in the
llquld metal range in Flg 2. The first two solutlons are
' in good agreement except for very high Reynolds numbers.
The dlsorepancy at high Reynolds numbers ‘may be a results
of high velocities predlcted by the Pai profile at. high
Reynolds numbers at a short distance from the wallolTheA
results of the last solution differ from the results of
the first two solutions. This disagreement ney be due to

the fact,that'the first two\solutions aseume'the ratio of
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keddy‘diffusivities‘to be unity whereas‘the last solutiac .

' asstmes thie ratio to be different than unity. | |
For the llquid metal range the Peclet number which

is equal to the product of the Reynolds and Prondtl numbers,

: alone is a good correlatlng parameter, as. indicated in Figo

3°;Eq.-(51) is based on this observatlon° However, at large

Peclet numbers the effect of Prandtl pumber.becomesrs1gn1f- |

| ‘icant. In Fig. 3, the prediction of Kays (8), ascgiveneby
= 4,8 + 0,003 (Re Pr)’ r (52)

is also plotted° The dlfference between the present solu-

. tion- and Eq. (52) increases as the Peclet number 1ncreases°

In Fig. 4, the present results are -compared with
',the experlmental data of" Colborn-Coughlan (9) and the re—
| sults of references (2 and 8) for a Prandtl number of O 5°
-Agreement between the data and the present caleulations 1s
particularly good at‘transition Reynolds numbers,

The ratio between Nuseelt'nnmbers for cniform heaf
flux and for uniforn wall temperature is plotted in Flgo
5o The results of Haberstroh and Baldwin (6) for uniform
heat flux were used to calculate thls ratlo, as they alsc

.employed the Pai velocity proflle° It'should be noted that
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the ratios all converge to the laminar value which is

NUH _ 4-36""_
NU“' - 31658 )

- For fluids of large Prandtl number the two Nusselt
numbers tend to become equal as Reynolds number~increases;
| Seban and Shimizaki (2) give the following discussion of
this behaviour:

" Since, for the same heat-transfer rate,
the heat-transfer coefficient depends on the dif-

- ference between wall and mean-temperature values,

the difference in the heat-transfer coefficients

for the cases considered depends upon the magni-
tude of this temperature difference. For fluids

~of 1arge Prandtl number, the change in tempera~
~ture between wall and fluid is localized in the
sublayer region immediately adjacent to the wall,
end the temperature is almost constant across the

’entire turbulent core. Thus the megnitude of the

mean temperature'is but insignificantly affected

by variation in the temperature of the wall, "
This effect at large Prandtl»numbers is clearly seen in
'temperature proflles presented in Appendlx A,

On the other hand, in the llquld metal range the
dlfferenee between the two Nusselt numbers is qulte gig-
nlficant, and the ‘Nusselt number ratlo can become even
1arger then in the case of lamlnar flow. As Prandtl num-—

ber abproaches zero, molecular diffusion of heat predom-

inates over eddy diffusion regardless of the level of
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turbulence, and the temperature profile does not Bédome
flat in the tufbﬁlént‘cdre as in the case of higher

Prandtl numbers. The effect of increased turbulence (as

‘ |
‘Reynolds number increases) now amounts to a flatter ve-
'1oci£y profile, which, oné‘may'assume; épprdéches 8 uni-
_fdfm.value over the cross"éectioﬁ (plug.flow) as e limit.
on tﬁefbasis of such an ideslized modelg‘tha%_of piug £low
with heat ﬁransfer}by molecﬁlar diffusion 6nly (i.e. lam-
inar:flow), it is poséible to calculate a maximﬁm}value
“for the Nusselt number ratio of uniform heat flux to uni-

form -wall temperature. Such a calculation gives

-NUH 3
_— = = \\37 .
Nut+ 58 1

fig%.slshowé.that the calculated ratio for Pr=0 appf@ache'
es tﬁis 1imitiﬁg value asyﬁptqtically as R;ynolds numbef-
‘;ncrééses. | |
| | The curves of Fig. 5 are qualitatively in good a-
'f.gréemént with similar curves presented by Sleicher and
Tribﬁs (3). | | -

Numerical values of the Nusselt number ratios are -
' given in Table 9. Base on the nﬁmeriba1~valugg, the curves

of Fig. 5 Have a maximum error of 4 percent.
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N The ‘bempera’ﬁure profiles for all cases coneidered
are presented in Appendix A. It was before pointed out 'tha'l:
ae the liquid metal region is of primary interest, a third
degree polynomial approximat:.on was used for all cases even
through a higher degree would have been better for Pr = 0 5

and Pr = 1., This explains the seatles observed in the tem-

perature profiles at those two Prandtl m,un.bve:r'sso
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r 0.

6 3.658
0 4u425
0 4.805
0 4.842

0 5.016

0 '5,078

0 5.113

0 5.148

0 5.237
0 5.275

0,001

3.658
4,446

4,862
4,913
5.233
5.438

5.605

5.844
7.197

18,520

0.005

3.658

4,512

~ 5.008.

5.196
6.095
' 6.854

T.515

8,574
14,957
20 ° 878

0.01 -

3.658

4,592

5.38L

5539

7,143
8,549

9.807

11.549
23.358
:, 350663

0.05 0.1 0.5

\39658 30658 30658

5.144  5.705  8.663

7.323  9.274  19.439
7,913 10,341 22.595
14,472 20.429 52,984
19,701 28.888  81.159
25.743  38.542 106.354
310?11 50,836 . 143.817
‘81;13,.'136091

131.22

z.2 Calculated values of Nusselt number

40

1.0
3.658
1.276
27°3§3 |
32,960
79.699
122,473

161,137




Re/Pr  _ 0.5 1.0

3000 8.320 12,187
8000 ‘;3‘536- | 27;151
10000 22,241 32.578
30000 l54.555 79}911
50000 82.798 121.281

70000 108.985 159.638

100000  145.840 -

: Tab;e 3 Values of Nusseli number predicted“

¥

by Eq. (49)

Re/Pr 0.5 1,0
3006" 0.039 0,080
8000 0.046 6,008

10000 0,015 0.011

30000 -0.029 -0.002
50000 -0,020 0,009
70000 ~0.024  0.009

100000 ~0.014 f -

' Table 4 Percent deviations for Eq. (49)



Re/Pr
3000
8000

10000

30000

50000

70000

100000
300000

~ 500000

Table 5 .Velues of Nusselt number predicted by Eg. (50)

0.001

4481
40559

4.586

4.831

5.046

5.248

5.533
7.197
8.673

0,01

4,726

5.257

5.449
7.127
’ 80609

9.992

11.951

23.386
33,528

oio OS

5,542

70585

8.322
14.778
20,477

'25w791
33.333
77,319

116.329

42
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_Re/Pr 0,001 0.005  _0.01 _.9_9_2_
13000, -0.008  -0.019 20,029  -0.07T
8000 0.062 0,039 0.022 ;9,035
10000 0,066 0.03 ~ 0.016  -0.051
30000 0.076  0.024  0.002 0,021
50000 0.071 0.011  —-0.007  -0.039
70000 0.063  -0.004  -0.018  .-0.002

100000 0.053  -0.008  -0,034  =0.051
300000 0,000 -0.005  =0.001 0.046
500000 =0.017 0,007 0,059 0,113

Pable 6 Percent deviations for Eq. (50)



Re/Pr  0.001 0,005 0.01 0,05
3000 4.897 4,964 5.048 5,720
.8000 4.925 5.104 5.328 7.120
10000 4.936  5.160- 5.440 7.680
30000 5.048 5.720 6.560 13.280
50000  5.160  6.280 7.680 18.880
70000 5.272 6.840 8.800 24.480
100000 5,440  7.680 10480  32.880
390000 . 6.560  13.280 11,680 88.880

500000  7.680 18,880 32,880 144,880

Table 7 Values of Nusselt number predicted by Eq. (51)

44




| 3000
8000
10000
v3dooo
50000
70000
1obooo
300000

500000

Re/PT

- 0.005

0.001
~0.101 ~0.100
(?69012 - -0.001
0.004 0,006
0.035  0.061
0.051  0.083
0,059 0,059_
. 0.069 0,104
0.088  0.112
0,098 0,095

_0,01

~0.099

0,009

0.017

0,081

0.101
;6.102
0,092
0,071

0,078

Table 8 Percent deviations for Eq. (51)
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0.05

‘—Oolll'
‘10,027.;‘

0,029

0.082

0,041

0.049

.l?01036.
L-00095

. _0.104



Re/Pr

12000

3000

1odoo
30000
50000
70000

1100000

© 300000

500000

Dable 9 Values of NuH/NqT

0.001

© 0.05

46

0. 0.01 0.5 1.0
1.19 1.19 1.19 1.19'_ 1.19 1.19 |
1.227 1.225 1.215 1.180 1.090 1.070
1.282 1.280 1.254 1.180 1.051 = 1.032
1.32  1.304 1.250 1.110 1.030 1.019
1.325 | 1.315 1,243 1.125 1.012 1.005
1335 1.321  1.250 1.090 1.010 1.004
1.34 1,323 1.265 1.130 1.005 -
1.35  1.335 1.255 1.090 - -
1.351 1,330 1.215 1.034 - -
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VI, SUMMARY AND CONCLUSIONS

Oncé the émpirical cbnstant s and n are know, the
Pai velocity profile may be used té integrate the tﬁrbﬁ—_
len§ energyuequation.' - | | |

Wlth the assumptlon of equal eddy dlffu81V1t1es of
heat and momentum, the energy equation may be numerlcally
1nt§grated to give the temperature profile and the Nusselt
number, | N

'The Pai velocity profile is continous and fits'the

hy81cal boundry eonditlons° But it has the dlsadvantage‘

of predlcting high velocity values for Reynolds numbers
1arger than. 10_° Therefore in the reglon of hlgh Reynolds
‘numbers the present predictions are higher than the predlc;
tions of those analysis employing the universal velocity
‘profiie, which correlates experimental data more aceuratély
'iﬁ.this‘regiog. | |

The pfesent calculafions are in agreement.with}éx-
pjéx.'ime.nt‘é.l gata for Pr = 0.5 For other Prandtl numbers,
the cérrelation between the presenf predictiéns and exper;

imental data is to be determined.
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The following equations may be used to obtain the
celeculated Nusselt numbers, with average deviations as in-
dicated.

For 0.5 & Pr £ 1 (Gases)

| . - |
‘Nu = 0.176 Re o pr°C (2.0 %)
For Pr < 0,05 (Liquid metals)
0,232
Nu = 4.44 + 0.0233 ((Re — 1000)Pr) (3.3 %)

or

Nu = 4.88 + 0.0056 Pe (6.6 %)



APPENDIX A

THE TEMPERATURE PROFILES

(ebscisse: dimensionless radius, n
ordinete: dimensionless temperature, )
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COMPUTER OUTPUTS
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PRANDTL NUMBER= 1.000
REYNOLDS NUMBER= 2000.0C0
PECLET NUMBER = 2000.0
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S= 1.041

N= 9.250

JITERATION 1 : : S

Al= 1.33004 Bl= -1.42938 Cl= 4,48148 Dl= -4.,26217
COEFFICIENTS FROM CURVE FITTING

A2= 41941 B2= «.03900 C2= -« 77654 D2= «31698
NUSSELT NUMBER = 3494706 :

COEFFICIENTS FROM 1. ITERATION
A3“ 1 65546 BB— .15395 C3— ~3. 06506 D3~_ l 25114
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ITERATION 2 : o

Al= 1.65546 Bl=" «15395 Cl= -3,06506 Dl1= 1.25114
COEFFICIENTS FROM CURVE FITTING ‘

A2= - .45782 B2= .01508 C2=- -,95185 D2= 47978
NUSSELT NUMBER= 3.87994 » L
DIFFERENCE= 06711

COEFFICIENTS FROM 2, ITERATION 4

A3— .77632 B3= .05852 C3= -3,69315 03= 1.86153
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ITERATION = 3. : . -
Al= 1.77632 Bl= .05852 Cl= -3.69315 Dl= 1.86153
COEFFICIENTS FROM CURVE FITTING ' ' »
A2= «46956 B2= «00640 C2= ~+98042 D2= 50561
NUSSELT NUMBER= 3.82776

DIFFERENCE= 05218

COEFFICIENTS FROM 3. ITERATION

A3= 1. 79749 BB— .02450 C3= -3.75283 DB— 1.93536
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ITERATION 4 ' :

Al= 1.7974% Bl= 02450 Cl= =3.75283 Dl= 1.93536
COEFFICIENTS FROM CURVE FITTING o

A2= «4T7140 B2= .00482 C2= ~e98432 D2= «50932
NUSSELT NUMBER= 3.,82013

DIFFERENCE= 00762

COEFFICIENTS FROM - 4. ITERATION

A3“ 1 80084 B3= - .01844 C3= -3.76024 D3= 1.94569
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ITERATION 5 : '
Al=-1.80084 Bl= .01844 Cl= =3.,76024 D1= 1.94569
COEFFICIENTS FROM CURVE FITTING

A2= . 47168 B2= 00457 C2= ~+98489 D2= «50988
NUSSELT NUMBER= 3.81898 . ‘
DIFFERENCE= ~«00115




COEFFICIENTS FROM 5, ITERATION o '
A3= 1.80135 B3= .01748 C3= -3. 76130 D3= 1. 94723’
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CALCULATION OF NUSSELT NUMBER ,
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE
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PRANDTL NUMBER= 1.000

REYNOLDS NUMBER= 3000.000

PECLET NUMBER = 3000.0
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S= 2.860

N= 3.310
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ITERATION 1 ' :

Al= 1.33004 Bl= -1.42938 Cl= - 4.48148 Dl= -4.26217
COEFFICIENTS FROM CURVE FITTING

A2= «11681 B2= - =-,06314 CZ= 24000 D2z= -.29158
NUSSELT NUMBER= 11.00555

COEFFICIENTS FROM 1. ITERATION

A3=  1.28565 B3= .69499 C3= - 2.64137 D3" =3.,20903
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ITERATION 2 : : :
Al= 1.28565 Bl= -.69499 Cl=  2.64137 Dl= -3.20903
COEFFICIENTS FROM CURVE FITTING

A2= = <1l444 B2= . -,05926 (2= «22457 D2= ~e27783
NUSSELT NUMBER= 11.28367

DIFFERENCE= 27811

COEFFICIENTS FROM 2. ITERATION

A3= 1. 29140 BB- —-.66872 C3= 253406 D3= “3 13501
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ITERATION 3 . :

Al= 1.29140C Bl= -.66872 Cl= 2.53406 Dl= -3.13501
COEFFICIENTS FROM CURVE FITTING

A2= . L,11456 B2= . -.05918 (2= « 22411 D2= —~e2 71157
NUSSELT NUMBER= 11.27649 :

COEFFICIENTS FROM 3. ITERATION o »
A3= 1. 29191 B3= .66742 CB— 2. 52724 D3= =-3.13006
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ITERATION 4

Al= 1.29191 Bl= 66742 Cl= 2452724 Dl= -3.13006
COEFFICIENTS FROM CURVE FITTING ‘ i :

A2= «11457 B2= -.05918 (C2= «22408 D2= —+27755

NUSSELT NUMBER= 11.27598

DIFFERENCE= 00051 :

COEFFICIENTS FROM 4. ITERATION

A3= 1.29195 B3= - 667134 (3= e 52676 D3= =3.12971

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES :
0.000 0.100 G.200 0.300 C. 400 0.500 0.600 0.700 0.800 0.900 1.000
THETA VALUES

1.291 1. 247 14234 14234 14228 1.198 1.125 0. 989 0.772 0. 456 0. 021
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRRBULENT FLOW IN PIPE
_CUNSTANT WALL TEMPERATURE

I4 als wfs oty als wls wte abr als wls wls als ws als wbr als als ale Al abs wbs wls als o, Ir als als als wls als ale als ot als
3% R38R AR AL S 3K A8 3 AT ST AT AT AL AN e A2 3ie Bl Bk sk vk siosk el sl sk sie s s sl sk

PRANDTL NUMBER= 1.000
REYNOLDS NUMBER= 8000.000
PECLET NUMBER = 8000.0
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S= 6.430
N= .. 9,000
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ITERATION 1 A :

Al= 1.33004 Bl= -1.42938 Cl= 4448148 Dl= =—4.26217
COEFFICIENTS FROM CURVE FITTING :

A2= .04855 B2= -.05217 C2= «16360 D2= -.15559
NUSSELT NUMBER= 27.39338

COEFFICIENTS FROM 1. ITERATION

A3= 1.3300¢2 BB— ~1.42938 C3= 4.48158 D3= -4, 26226
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ITERATION- 2 ,

Al= - 1.33002 Bl= -1.42938 Cl= 4,48158 Dl= ~4,26226
COEFFICIENTS FROM CURVE FITTING ;

A2= .04855 B2= = -,05217 C2= «16360 D2= -«155509
NUSSELT NUMBER= 27.39356 :
COEFFICIENTS-FROM 2. ITERATION

A3= 1. 33002 83= -1.42938 (3= 4o 48159 D3= =4.26226
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.ITERATIDN 3 ‘

Al= 1.33002 Bl= -1.42938 Cl= 4.48159 Dl= <-4,26226
COEFFICIENTS FROM CURVE FITTING o
A2= «04855 B2= -.05217 C2= «16360 D2= -.15559
NUSSELT NUMBER= 27.39339 ' ~
DIFFERENCE= .00016

COEFFICIENTS FROM 3. ITERATION

A3= 1.33002 B3= -1.42938 (3= 4.48159 D3= =4.26226
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES

0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000

THETA VALUES
1. 330 1.227 1.189 1. 189 1.202 1. 202 l 165 1 063 .872 .566 .119
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATURE
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PR ANDTL NUMBER— 1.000

REYNOLDS NUMBER= 10000.0
PECLET NUMBER= 10000 .0
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ITERATION 1

Al= 1,33951 Bl- c=le4T226 Cl= 44,29457 Dl= -3.,94628
CDEFFICIENTS FROM CURVE FITTING .

AZ2= " .04061 B2= -.04491 C2= «13111 D2Z2= -.12023
NUSSELT NUMBER= 32.95465 . : :
COEFFICIENTS FROM 1. ITERATION

A3“ 1 33836 83‘ —l 48029 C3= 4 32073 D3"- —3.96225
ITERATION 2 |

Al= 1.33836 Bl= ~1.48029 Cl= 4432073 Dl= -3.,96225
COEFFICIENTS FROM CURVE FITTING S

A2= 04060 B2= -.04492 C2= .13114 D2= -.12025
NUSSELT NUMBER= 32.95944 :
DIFFERENCE= « 00479

COEFFICIENTS FROM 2. ITERATION

A3= 1.33817 83= -1.48054 C3= 4, 32258 D3= =3.,96362 -
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ITERATION 3 \ _ ,
Al=  1.33817 Bl= ~-1,48054 Cl=  4.32258 Dl= =3.96362
COEFFICIENTS FROM CURVE FIVTING
A2= .04056 B2=  -.04492 C2= .13115 D2= -.12025
NUSSELT NUMBER= 32.95981 »
DIFFERENCE=  .00037
COEFFICIENTS FROM 3. ITERATION :
A3=  1.33815 B3= =-1.48055 C3=  4.32272 D3= =-3.96374
VALUES FOR TEMPERATURE DISIRIBUTION -
ETA VALUES

0.000 100 .200 .300 .400 .500 .600 700 .800 .900 1.000
THETA VALUES - ,

1.338 1,229 1,183 1.176 1.183 1.183 1.149 1.060 .890 .617 .216
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CALCULATION OF NUSSELT NUMBER

FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

PRANDTL NUMBER— 1.000

REYNOLDS NUMBER= 30€00.0

PECLET NUMBER = 30000.0
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ITERATION .1

Al=- 1.,34910 Bl= -1.46043 Cl= 4.,06912 Dl= ~3,64382
COEFFICIENTS FROM CURVE FITTING

A2= 01692 B2= -.01832 C2= 05105 D2= -.04571
NUSSELT NUMBER= 79.70018

COEFFICIENTS FROM 1. ITERATION

A3= 1.34912 BB— —l 46042 C3= 4, 06898 D3= =3.64370
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ITERATION 2 \
Al=  1.34912 Bl= ~1.46042 Cl=  4.06898 Dl= —3.64370
COEFFICIENTS FROM CURVE FITTING |

A2=  .,01692 B2= -.01832 (2= .05105 D2=  -.04571
NUSSELT NUMBER= 79.69946 -

DIFFERENCE= .00072 ‘
COEFFICIENTS FROM 2. ITERATION



A3= 1.34912 B3= =1.46042 (3= 4,06897 D3— ~3.64369
VALUES FOR- TEMPERATURE DISTRIBUTION
"ETA VALUES o
0.000 .100 .200 .300 .400 .500' .600 .700 .800 .900 1.000
THETA VALUES ' '

1.349 1.240 l 190 l 178 l 182 1. 180 l 150 l 070 .919 .674 - «313
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE
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PRANDTL NUMBER = 1 000
REYNOLDS NUMBER= 50000.0
PECLET NUMBER= - 50000.0

S= 264620

N= 39.910

ITERATION 1 . .

Al=  1.34884 Bl= -1.46133 Cl=  4.,06722 Dl= -3.62154

COEFFICIENTS FROM CURVE FITTING

A2=  .01101 B2= =-.01193 C2= .03320 D2=  -.02956
NUSSELT NUMBER= 122.47466 :

COEFFICIENTS FROM 1. ITERATION

A3= 1. 34894 B3= -1.46128 C3= 4. 06655 D3= -3.62102

ITERATIDN ‘2 _ : :
Al= 1.34894 Bl= =-1.46128 Cl= 4,06655 Dl= =3,62102
"COEFFICIENTS FROM CURVE FITTING
A2 = .01101 B2= -.01193 C2= .03320 D2= -.02956
NUSSELT NUMBER=-122.47337
DIFFERENCE= .00129
COEFFICIENTS FROM 2. ITERATION ,
A3= 1.34895 B3= =-1.46128 C3= 4,06649 D3= -3,62097
VALUES FOR TEMPERATWRE DISTRIBUTION
ETA VALUES ,
0.000 .100 .200 .300 j.4oo .500 .600 700 .800 .900 1.000
THETA VALUES : ’ .
14348 1.239 1.190 1. 178 le 183 1.182 1 153 1,076 .928 .687 0.000
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE ‘
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PRANDTL NUMBER= 1.000
-
REYNOLDS NUMBER= {0000 .0
4PECLET NUMBER = 70000.,0
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S= . 35,040
N= 52.180
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ITERATION 1 - | |
Al=  1.34573 Bl= =1.47664 Cl=  4.13263 Dl= -3.66059

COEFFICIENTS FROM CURVE FITTING



A2= .00835 B2= -.00916 C2= - ,.,02564,D2= -.02271
NUSSELT NUMBER= 161.13857 : ’

COEFFICIENTS FROM 1. ITERATION
A3= 1.34579 B3= —1.47663 (C3= 4,13227 D3 —3 66030
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ITERATION 2
Al= 1.34579 Bl= =1.47663 Cl= 4.,13227 Dl= -3.66030
COEFFICIENTS FROM CURVE FITTING ’
A2= -+00835 BZ2= -+00916 C2= 02564 D2= -.02271
NUSSELT NUMBER= 161.13696 :
DIFFERENCE= .00161
COEFFICIENTS FROM 2. ITERATION
A3= 1.34579 B3= =1.47663 (3= 4,13224 D3= -3,66028
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES o
0.000 .100 .200 .300 400 .500 .600 .700 .800 .900 1.000
THETA VALUES ‘

wts o J s wlo ats als sle als ale
< 3R e e Nak N

1,345 1.235 1.186 1.175 1. 182 1. 183 1.156 l 081 .935 .695 0.000
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CALCULATIDN'DF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE
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PRANDTL NUMBER= . 500

REYNOLDS 'NUMBER = 3000.0

PECLET NUMBER = 1500 .0

S= 2.860

N= 3.310

ITERATION 1 ' |

Al=  1.29195 Bl=  =-.66734 Cl=  2.52676 Dl= =-3,12971
COEFFICIENTS FROM CURVE FITTING. o
A2= .15457 B2=  -.04238 C2=  .15602 D2=  -.26813
NUSSELT NUMBER=  8.74694 ,

COEFFICIENTS FROM 1. ITERATION

A3=  1.35201 B3=  -.37072 (3= 1.36470 D3= ~-2.34531
ITERATION 2 . |

Al=  1.35201 Bl= -.37072 Cl=  1.36470 Dl= -2.34531
COEFFICIENTS FROM CURVE FITTING

A2= " .15680 B2=  -.04091 C2=  .14684 D2=  —.26270
NUSSELT NUMBER=  8.66946 .
DIFFERENCE= 07748

COEFFICIENTS FROM 2. ITERATION

A3=  1.35938 B3=  -.35468 C3=  1.27303 D3= -2.27753

DJ s als o als \‘ ale ale als ots
SeIRAL R AR '-"r'o'l S S e e B SR AT IRA A S i st sl sje sl sie sie sia se shesia sfe sje e e sle slesle slesla sla e slesle sl ste slese slasle Sl slesie

ITERATION 3 o _

Al=  1.35938 Bl=  -.35468 Cl= 1.27303 Dl= -2,27753
COEFFICIENTS FROM CURVE FITTING

A2 = .15699 B2=  —.04080 C2= =~ .14605 D2= —e26222
NUSSELT NUMBER= 8.66332

DIFFERENCE= .00613



COEFFICIENTS FROM 3. ITERATION
A3=  1.36008 B3= —¢35352 C3= 1
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ITERATION 4 . : )

Al= 1.36008 Bl= —¢35352 Cl=  1.26534 Dl= =-2.,27172
COEFFICIENTS FROM CURVE FITTING :
A2= «1570C B2= -.04079 C2= +14598 D2Z2= —e26218
NUSSELT NUMBER= 8.66279 ‘
DIFFERENCE= «00053 :

COEFFICIENTS FROM 4, ITERATION

A3= 1.36014 B3= ~¢35343 C3= 1.26467 D3= =2.27121
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES

soste a2 stesle

0.000 0.100 0.200 0,300 O. 400 0.500 0.600 0.700 0.800 0.900 1.000

THETA VALUES
1.360 1. 335 1. 321 1.306 l 215 l 215 1,112 0 953 0

« 723 0.410 0,000
'od’ ats ~'a JaJ Jod J J: als ‘a \bsﬁ lea J J;-ﬁ l- l— als b, ¢ wiz i wls wls by als ale abe als ale wlovts oo ate afs als als
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CALCULATIDN OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW. IN PIPE
CONSTANT WALL TEMPERATURE

shosle slesteslaric siesic ~IJJ=I~1¢I::I4 2 sk s 3hs

P afs
SRR RIRIARAT SR I AT AL 3 ~ SR NN RN N

sk

PRANDTL NUMBER = .500
REYNOLDS NUMBER= 8000.0
PECLET NUMBER= 4000.0

-’(—

ats aloals oo >: wo ats als als atsals ats Wiy \l sl wle wbe we ale Wle whe wls wle ale als Wdr ale ats Al wls als als als ale afe als wls als afsals Wlr wls als wis Wir als als Wls oo wle ole Wl ols ol
SR N NT SR AL L Ao N2 N LT A2 3l 38 T AT HENR AL 302 AT L N N AL 28 3¢ e N3 N e s Kk R 5

S=- 6.430
N= 9.000

ITERATION 1 : .

Al= 1433002 Bl= =-1.42938 Cl= 4.48159 Dl= ~4,26226
COEFFICIENTS FROM CURVE FITTING :
A2= .0712% B2= -.06085 (C2= «17813 D2= -.18390
NUSSELT NUMBER=  19.60097 o
COEFFICIENTS FROM 1. ITERATION

A3‘ l 39743 83= —l 19273 C3= 3.49160 DB= “3.60480

ITERATION 2 | o

Al= . 1.39743 Bl= =1.19273 Cl= 3449160 Dl1= -3.60480
COEFFICIENTS FROM CURVE FITTING '

A2= 07236 B2= -.06086 C2= «17497 D2= -.18179
NUSSELT NUMBER= 19.45348 ‘ :
DIFFERENCE= «14748

COEFFICIENTS FROM 2. ITERATION .

A3— . 140774 B3= -l 18411 C3= 3.40384 D3= -3,53647

Br wts als abs ats ale wis abs ads oo als als ol abs ats f\‘r\\oJ \l J als als wis o s als o
sk ,.",..,.':":‘,.J*' sl speste sie ol sesie skl sl sl aie Sesie st Sl sie 308 3 e S e N Bt ek Sl < 3R 3Rl SR ol sl e e s i s sl e

ITERATION 3

Al= 1.40774 Bl= =-1.18411 Cl~= 3.40384 Dl= =3.53647
COEFFICIENTS FROM CURVE FITTING L ]

A2=" . L,07247 B2= -.06089 (2= «17466 D2= -.18156
NUSSELT NUMBER= 19.44082 ‘
DIFFERENCE= .01266

COEFFICIENTS FROM 3. ITERATION

¢

o as ahe
SRS

e
ks

nls wle atr ale als abs als als als wly uls o s als als wis wir ale wle als abr als ols ale wie Wl als ale wbe oo aly oo
3% 348 330 S0 348 N8 3 B2 31K 36 338 SiE 3¢ ik sl AN 38 38 3 sie sie s e Sesie 8 3 se ik o

*



-1.18379 c3- 3. 39557 D3= =-3.52972

A3= 1.40891 83-
ala o abs ats o Ie oSy s wlo wls wis J s s‘ s by als Wby at, l;‘.l,J, . wls o b e aly ale wls
e 3% e sl s el s sk 3R NSRSk R SR B BN ek e sk r'r SRk 'r'p’v—n SR SR SRSl e B St B SR M AL 3

ITERATION 4 o

Al=  1.40891 Bl= -1.18379 Cl=  3,39557 Dl= =-3.52972
COEFFICIENTS FROM CURVE FITTING ‘

A2= .07248 B2=  -,06089 C2= .17463 D2=  -.18153
NUSSELT NUMBER= 19.43952 '

DIFFERENCE= .00129 ‘

COEFFICIENTS FROM 4. ITERATION ,
A3= = 1.40904 B3= -1.18378 C3= 3.39473 D3= -3.52902

e e abe wle wls e wls 1 abe als wls Wl ale alo aly by afe ale als als wls als als ale als afs als sbe wls wie ol oty wle wloats ale abe wls als als als
SR 3 832 S sle Be o S SIR 22 HENE e e AN AT S Heole s el sie sle s sk sle sl sie st sl 3¢ e sle sl s sl sk siesle se sk e sle e s sje e sie slesie Sesiesie sje sl sjesiesle

ITERATION -5 :

Al= 1.40904 Bl= -1.18378 Cl= 3439473 Dl= ~-3.52902
COEFFICIENTS FROM CURVE FITTING ‘

A2= 07248 B2= -.06089 C2= «17462 D2= -.18153
NUSSELT NUMBER= 19,43939

DIFFERENCE= .00013
COEFFICIENTS FROM 5. ITERATION ' : v
A3= 1.40905 B3= ~1,18377 C3=" 3.39464 D3= -3,52895

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES

6.0600 .100 .200 .300 .400 «500 .600 700 .800 .900 1.000
THETA VALUES

1409 1.321 1.279 1, 264 l. 252 1.224 1.158 1,033 ;827 .520 .090

e wleats aly ol iy J el iy o ~|4~'4~ I-J ale ale whs ~|¢
SRR 2N TR S AT 3T 38 e Sl Sesie sl NS K S NR 3N 3, q-'r'r'-w.".wr—. SR BT 38 N SRR 2R3 RS AT N SIENE K e ST K A8 g e Ne KA ATk

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

' ale ads als WJs o als we als oy wle wls Pl als als wloals als st als afs ats oo al,
S feie sjese sjesie siesie 3je ok sleste Sk sl ol eaie sk e sie sje e e e Sl s 3je Al se e sl 3e 3t 3 e sjeie 3k sjesie e e e e e e sle i s sie e sl sesie sl s viene sl ek

PRANDTL NUMBER = «500
REYNOLDS NUMBER= 10000.0
PECLET NUMBER= 5000.0

wis e wts als o whe wis als ale als ale als als afsals ots als als als ofs als als wls ols be abs o, o

3¢ 3¢ Sjesie el Al SN sl s Sk sl 3o e e AR NE e e 2 N8N 3 2 e S S ole L e e S el NN A BT N SN e e e s e e e B e Nesik e e
S= 7.560

N= 10.930

ats J; P Ja le alr o

ITERATION 1 o

Al=  1.42852 Bl= -1.21152 Cl=  3,36349 Dl= -3,47713
COEFFICIENTS FROM CURVE FITTING

A2=  .06312 B2= =-.05669 C2=  ,15159 D2= =-,15076
NUSSELT NUMBER= 22.48643 |
COEFFICIENTS FROM 1. ITERATION .

A3=  1.41949 B3= —1.27481 C3= = 3.40872 D3= -3.39026

ITERATION 2 : ‘
Al= 1.41946 Bl= -1.27481 Cl= 3.40872 Dl= -3.39026
COEFFICIENTS FROM CURVE FITTING '
A2= - «06272 B2= -.05681 C2= - .15254 D2= -,15119
NUSSELT NUMBER= 22.58911 '

DIFFERENCE= «10268

COEFFICIENTS FROM 2. ITERATION

A3= 1.41691 B3= =-1.28336 C3= 3.44577 D3= -3.41532
e 34 sie sle slesie sle e 2t e e sk 3jesie e e seaie Shesie 36 Sie 348 30 AR AT A RAE 0 ST A AN R AT A0 370 e N AN A AR e e e Aok e Nek AR

ITERATION 3 |
Al= 1.41691 Bl= -1.28336 Cl=. 3,44577 Dl= -3,41532
COEFFICIENTS FROM CURVE FIITING -

A2 = .06265 B2= —.05681 (2= .15264 D2=  -.,15126



NUSSELT NUMBER= 22.59501

DIFFERENCE=" .00590" )

COEFFICIENTS FROM 3., ITERATION

A3= 141651 B3= =1.28366 C3=" 3,44906 D3= -3,41787

VALUES FOR TEMPERATWRE DISTRIBUTION :

ETA VALUES :

0.000 .100 .200 .300 .400 .500 .600 ,700 .800 -.900 1.000
THETA VALUES ' '

1416 1.319 1.270 1. 249 1.236 1.209 1. 149 1.035  .847 .563 0.000

aly afe iz ale ale ol 2wl ods 4‘4,«.4\! e wte o b~'
338 RI3ES r*f"ﬂ’r’r'r'»'r'r'r'r SR AT ST RO NG 2 e SRR 3¢ S e e sk sl sl ke sjesiesic slesle sie e siesie sk el sie ok s e <303 B RNk

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATWRE

ale l, b ofs ale ate als ols L als als o , wle J’\'l Lo ats als o e whe atr s ale als v
3R RT3 sleie s s sieie sle sl sl e sie Slesie sl Sk si e sl sk sk e sk SRR RN NN RN P’P’n s R 3R 3k sk e 3k 3

PRANDTL NUMBER= « 500
REYNOLDS NUMBER = 30000.0
PECLET NUMBER = 15000.0

s ats als als abe wbs als wlr afs abls als als wls aly b Wiy 8l Vo ade ale wfs als wls abs abs WU ale o, s ads als ale abe wls abs o e ol ot e o abs e d de wle o
RARIR AR AR AR R SRR R TR AR AR IR A R R AR A SR AR AR AR R NP AR AR R AP AP IS ARAR R AR AR AR R AR SRR R D LR AP AR IR AP TR P2 MR
S= 17.600
N= 264510

o ats als als als s WJs als wls als wbs ofs J—Jnsb*s'd#a s wls wle als ats als obp ale of, ats wls als ale e Pl ws e do i o wle wle als als ols ofe wls
2 SRe 3e g Sa 3k S st 3l 3 3 e Sesie sfe sfE SN e N ng e sie 3N e sy BRREIRAR AR LR R AR S AR LR SR RAR AR AR R AR A R R S R R

ITERATION 1 '

Al= 1.42961 Bl= =-1.27762 Cl= 3.21529 D1= -3.09880
COEFFICIENTS FROM CURVE FITTING : '

A2= 02697 B2= -.02412 (C2= «06078 D2= -.05855 .
NUSSELT NUMBER= 52.,98217 : '
COEFFICIENTS FROM 1. ITERATION - _ ,
A3= 1.42907 B3= —1 21834 C3= .22028 3= -3.10243

als als als als ate wls wls als ale als als als als ats als afs J e Pl J-\-\vs" ats o ale ate o ~|¢J‘\‘4\‘4~“ s ale ale ale wls afs ols
S SRR HENE e e N2 e ST e e e A R Y 3 3 e 32 e 3 A Ko 3 2fesie Sk T AR H0E KT S AR S N NIRT S og e e e N et e e

ITERATION 2 , .
Al=  1.42907 Bl= =-1.27834 Cl=  3.22028 Dl= -3.10243
COEFFICIENTS FROM CURVE FITTING
A2= .02697 B2=  -.02412 C2= .06078 D2=  -.05856
NUSSELT NUMBER= 52.98402
DIFFERENCE=  .00185
COEFFICIENTS FROM 2. ITERATION
A3=  1.42900 B3= -1.27837 C3= = 3,22081 D3= -3.10284
VALUES FOR TEMPERATURE DISTRIBUTION o
ETA VALUES

0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES |

1.426 1,327 1.274 1.249 1.231 1,204 1.148 1,045 .876

«622 0,000
ats o wbe ol ll\l Js‘ abs ol als W3s o, o whs als obe wlr wls of,
s s ie 3je 3¢ se sle sfe sl i sie sle i sfosteosi sl siesia Sle sle e Sle i e 3l Bl 3je e s ik Sl g 8 2 e e s Se e e sk sje sie sie e Bl Bk Se i e S sl e ks

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

o ol oo s als ats 'rb—\v\'As't\bd/\'ﬂ*w’rn‘:\b
S sfese S s e sl sl i 5o ie Sl e Sie B8 KN A RN SN AL A HCAIAIT 3

PRANDTL NUMBER = «500
REYNOLDS NUMBER= 50000.0
PECLET NUMBER= 250006.0

- s wte , e o, o S L o e o als ls als o o, 4 wle wls
sl e s slesie slesi st sl slesie Sl SR SR SR SR AR AR AR R IR ANII IR A SRR AT AT 22 N2 2 e ok N 6 e e s s e ekt ok
S= 26.620
N= 39.910

o . . - s 1o te wle als oo ale al Jr als als ats o nls afs als wbs wls ots s als wls Ao wbs als ale afrale alrals e ale als s als al.
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ITERATION 1 ’ . ' : '

Al= 1.42692 Bl= -1.27683 Cl= 3.21805 Dl= =3.07702
COEFFICIENTS FROM CURVE FITTING

A2= 01159 B2= -.01573 C2= .03956 D2= ~.03783
NUSSELT NUMBER= 81.16468 .
COEFFICIENTS FROM 1. ITERATION o

A3— l 42818 B3= —l 27701 C3— 3.21094 D3= —3 07107

ITERATIDN‘ 2 : . :
Al= _ 1.42818 Bl= =-1.,27701 Cl= 3.21094 Dl= -3,07107
COEFFICIENTS FROM CURVE FITTING '

A2=- . ,0175% B2= -.01573 C2= .03955 D2=  -,03783
NUSSELT NUMBER= 81.15917 '
DIFFERENCE= .00550 _

COEFFICIENTS FROM 2. ITERATION

A3= 1.42832 B3= ~-1.27699 (3= 3.21005 D3— —3 07035

e alsale alr als als als wtsats ots s e b Ve als als als als of I als o 4~a
S sesi Rene Sl e esis s s sl sz s sie Sese sl e e sjesie sie Sk sles s skl o b

st o 33 2 ate sloate o
RSN NE AR Ng N SRR SN N e s Ak e s ek
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e als ots als oty
PRSP KPP AP
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ITERATION 3 o
Al=  1.42832 Bl= =-1.27699 Cl=  3.21005 Dl= =3.07035
COEFFICIENTS FROM CURVE FITTING . |
A2=  .01759 B2= -,01573 C2= .03955 D2=  -.03783
NUSSELT NUMBER= 81.15857
DIFFERENCE= = .00059
COEFFICIENTS FROM 3. ITERATION
A3=  1.42833 B3= -1.27699 C3=  3.20995 D3= -3.07027
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES | |
0.000 .100 .200 +300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES |
| 1.428 1.329 1.276 1.251 1.234 1.208 1.154 1,054 889 .640 .291

s wlbsals abs J als ats wlo als als als als o J»\' ’~— R d L\' Al wls als ale als ofs e wlo als abe obs wls
RN N Bk e s s i sie jesiesle sie slesie e sjesle sfesie sie At 3ol sz 3¢ sja e Slaie 3¢ e 3 e e e Noole AN NN g Ae e e e sese sk e ek

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CUNSTANT WALL TEMPERATURE

s' s whe ale 44 \‘4 ale ats '¢ ale ats b als \b l alsals als ale als b als als abe oVs aleats als abs alo als als als ale als wls als ol ol abs o), als wie
Sk SR TR Sk '- S sie sl N e e ke g SR R R R R 2 R AR AT AR TR R AR AR AR SR AR AR A bR SR

PRANDTL NUMBER“ .500

REYNOLDS NUMBER= 70000.0

PECLET NUMBER= 3500C¢.0

s e sl s et s et sk s seates sestestestestestesteatesi e ek sttt st sk e sl Ak el sk et sl sk sl

S= - 35.040

N= - 52.180

et st stestesestesteste ol s lestolk skotestestestestesieteste teatese s steste sk skl s sk skl st sk ek ol siste ik skakok s skskok

ITERATION 1 ) ’
Al= 1.41092 Bl= -1.28748 Cl= 3434873 Dl= =-3.,17134

COEFFICIENTS FROM CURVE FITTING

A2= .«01335 B2= -.01218 C2= .03107 D2= -.02940
NUSSELT NUMBER= 106.39691

COEFFICIENTS FROM 1. ITERATION _ ' :
A3= 1.42116 B3= =-1.29651 C3= 3.30611 DB* —3 12910

e e sk esiesk alo sle als als sl ale ale oo sl o) 2 ohe sloate o % 3¢ a3k i sk ! Sl ato of A she ste
2ol 3ol shosk Sie sk Sie o e s sheie sl ik sl o < ik .wvr—r'rrr SR 3 TN SR AT RTNE B A RIHE e 3 AN He A a3 sfe e e N B e 3K e e e AR N

ITERATION = 2

Al=  1.42116 Bl= -1.29651 Cl=  3.3061l1 Dl= -3,12910
COEFFICIENTS FROM CURVE FITTING ;

A2= . .,01337 B2= -.01219 C2= .03103 D2=  -.02937
NUSSELT NUMBER= 106.36012 ' | -
DIFFERENCE= .03679

‘COEFFICIENTS FROM 2. ITERATION :
A3=  1.42215 B3= =-1.29677 C3=  3,30076 D3= -3,12456
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ITERATION 3 ' '

Al= 1.42215 Bl= -1.29677 Cl= 3.30076 Dl= =3.12456
COEFFICIENTS FROM CURVE FITTING - ‘

A2= 01337 B2= -.01219 C2= .03102 D2= -.02937
NUSSELT NUMBER= 106.35524 4
DIFFERENCE= .00488

COEFFICIENTS FROM 3, ITERATION

A3= - 1.42226 B3= -1, 29675 C3" 3.30009 D3= =3.12401
s sfe sl el ook siestesfe sk stesf sfe e sl seste e sl sl e sieslesie e st sl sfe ok ol st s e sl sl st stk ok e sl e s e Sl e el skl sl sl sl Rk

ITERATION 4 .

Al= 1.42226 Bl= =-1.29675 Cl= 3.30009 Dl= -3.12401
COEFFICIENTS FROM CURVE FITTING :

A2= .01337 B2= ~.01219 C2= .03102 D2= -.02937 .
NUSSELT NUMBER= 106.35467 S
DIFFERENCE= 00057

COEFFICIENTS FROM 4, ITERATION . ,

A3= . 1.42227 B3= -1.29675 (3= 3.30001 D3= -3,12395

VALUES FOR TEMPERATURE DIS1RIBUTION

ETA VALUES g
- 0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES

14422 1322 14269 1245 14231 14208 14157 1.060 4897 650 .301
S 3 Sk S s e s e e S S se Sie Sele e s sl s ettt sl sk el st steste steste sesteste e e et et s s sl ok

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT .WALL TEMPERATWRE

st e e Seste st e e st e se ket Sk skt s sl s et etk e sl e el e s Skl sk ek ok o
PRANDTL NUMBER= « 500
REYNOLDS NUMBER = 100600.0
PECLET NUMBER = - 50000.0
stese slestesteate sk skl il e sieteote st sttt sestestestesteste slesleaie s ol sk st Asle sttt st skl skl el sk dsk ek R

46,970

S
N 69.270

1} Il-l

e sho sl sl sl se sl sk sk sl slesk sk

ITERATIDN 1. : :

Al= 1.42047 Bl= ~1.31312 Cl= 3436792 Dl= =3.16811
COEFFICIENTS FROM CURVE FITTING '

A2= 00987 B2= ~-.00913 C2= «02347 D2= -.02207
NUSSELT NUMBER= 143.80785 :

COEFFICIENTS FROM 1. ITERATION ' _
A3~ vl 41956 83— —1 31412 C3— 7 lO D3- '-3 17417

ITERATION ’2 )
Al=_ 1.41950 Bl= -1l.31412 Cl= 3.37610 Dl= ~3.17417
COEFFICIENTS FROM CURVE FITTING
A2= .00986 B2= -.00913 C2= «02348 D2= -.02207
NUSSELT NUMBER= 143.81682
DIFFERENCE= .00897
COEFFICIENTS FRGOM 2. ITERATION
A3= . 1.41938 B3= -1l.31417 C3= 337696 D3= =-3,17484
VALUES FOR TEMPER ATURE DISTRIBUTION
ETA VALUES

0,000 .100 .200 .300 4400 .500 ,.600 .700 .800 .900 1.000
THETA VALUES ' '
1.419 1,318 1.266 1.243 1. 230 1

4 s abs whs ade als ale aloats ale ot afs ofs
%******v*q%%%m%%?ww%%?% < 3

209 1.160 1.065 4903 .657 0.000

o whs ot Ale ale wly aly ade wle als alr als sls als Als e alr Ao ate abe als sl wlo oy als ale ot o Le wls wbs
< 3R B8 SENE AT HE NN 3% Neje e sl sz e sl sesiesi e sksk ks ksl ook




CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATURE

ohe abe shelale 2 ote o,
MR MR

PRANDTL NUMBER=
REYNOLDS NUMBER =
PECLET NUMBER =

SRR 3K 2 BT RO KL SE e ks

e We ale e wis abs wis abs als wls als Ao ale wo ats afs ats ade Vo ale ate ale als abe Al
< BSOS AT LS SR IS N TN e e st AL e s s s sie e

« 100

3000.0
300.0

ot ale ale ats she abo s ale wts absals e wle sle als alr Whe wle abs sbe als abe she wbs wbe sbe als 2bs sl ois ale ole
GRS

wlr als ale aly ats 2l ol ale afs als als ale wloals ads sls ol W20 ol o wbo wbe w2l wls ate ES e als by o o atfe
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ITERATION 1

Al= 1.36014 Bl=
COEFFICIENTS FROM
A2= « 26410 B2=
NUSSELT NUMBER =
COEFFICIENTS FROM

A3= 1.55703 B3=

2 Az sle sie sbe
L3 2 e 333 S R

ITERATION 2

Al=  1.55703 Bl=
COEFFICIENTS FROM
A2= .27786 B2=
NUSSELT NUMBER=
DIFFERENCE=
COEFF ICIENTS FROM
A3=  1.5918( B3=

-‘i-

ITERATION 3 -
Al=  1.5918C Bl=
COEFFICIENTS FROM
A2= «27974 B2=
NUSSELT NUMBER=
DIFFERENCE=

COEFFICIENTS FROM
A3=  1.59668 B3=

o als afs wlo ale als ls ols ats Al als ols als atbe ots afs oty
SRSRNE RO RO LT NS AT BRI K

ITERATION 4

Al=  1.59668 Bl=
COEFFICIENTS FROM
A2= .27999 B2=
NUSSELT NUMBER=
DIFFERENCE=
COEFFICIENTS FROM
A3=  1.59734 B3=

2 sto ot sbe O
348 3je e e spesfe sje e sk e e e AR

ITERATION 5

Al= - 1.59734 Bl=

COEFFICIENTS FROM

A2= - +28002 B2=

NUSSELT NUMBER=
DIFFFRENCF=

~+35343 Cl= 1.26467 Dl= =-2.27121

CURVE FITTING
.02652 (2=

5.89547

"l. ITERATION :
15635 (3= -1.39626 D3= .33463

bl ’\F als abs e ate b als als wls wls als ods WJ als als ~ﬁ als e ats Aty wis Vs al, als als
SRR RIS rvﬂ*’rn’rrﬁw\ﬂ < 3% 2 R K 3T SR Ol RENEHTAT A LN AL N NN RO N e N

-.23683 D2= -.05676

15635 Cl= -1439626 Dl=
CURVE FITTING.

«03089 (2=
572806

-.29394 D2=  -.,01776

167741

2. ITERATION

« 17695 (3= =1,68375 D3= ~-+10175
< 10 Si 3 SR 3k iRl Bt 3¢ Siesle Bit 3300 340308 348 3¢ Skt 3e e SN BN S N e e sk K 2k ":ﬂuﬂ“kv‘:***ﬁ'**:’ R SRR RE

«17695 Cl= -1.68375 Dl=
CURVE FLITTING

03117 C2=
5.70763

02043

3. ITERATION

«17791 C3= -1.71886 D3= -.07234

loats sts abe abe ale ale ale als als als sbo ale ale ale she sle als als s ale * o L Whe ate abe
Neie 3l sjesle slesie 3¢ s sk sje e e e sie e Nz e AR RN ese NN e N8 e Ne e sfesie RN ek Nesie el s ke

«17791 Cl= =1.71886 Dl=
CURVE FITTING

.03119 Cz=
5.70496

~.07234

“.30209'D2= -.01200

00266

4, ITERATION
«17798 C3= =1.72342 D3=

1o ate wle als sl sle she sls she sie wle ls abe sle wle ale ads obe wis te o,

-.06849

! ats afe als als o, b als whe afs als abe wls als Wl wls als wls oty ols ols e 2ts whs b als wis
34 32 3 33l SR ISR 3 Sla St HE BT AL AT BTN AT R AE AT HT A NINL X N (TN 32 g N e e sk e e e s Hesie sk ek

«17798 Cl=. ~1.72342 Dl=
CURVE FITTING

.03120 CZ=
5.70461

~-.06849

-.30221 D2= -.01191

00035




COEFFICIENTS FROM 5. ITERATION _ , -
A3= "1.59743% B3= «17799 C3= =1,72402 D3=- -,06799
VALUES FOR TEMPERATURE DISTRIBUTION : :
ETA VALUES

0.000 .100 .200 .300 .400 .500 .600 700 .800 .900 1.000
THETA VALUES ‘ ' _

1 597 1.597 1.563 1.493 1.388 1. 246 1. 068 853 .601 .311 -.016

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATWRE

e wlo als abs iy o als ate wbs s abs s wle ale ale ade uls Wis we we al o Jo s ats als wts ads ats ade ats als Al
3R 3 el 3o NE 3 N NR e Sy 3k sle sl Ne SRk e sl e e wesje e sk sl sl o)k se sl sl sk ke sle sl s sjeoe sl sl

PRANDTL NUMBER = .100
REYNOLDS NUMBER = 8000 .0
PECLET NUMBER= 800.0

te e ot ale ats als ots J- W ale whe als i als sty alsats ie ats als als als oty
< SIS R3S SN NT S BR AT S8 SRS K A WA 3K

ale wbe aks als abs wls ate ats ale afs als wls s wls als wls als als ale ale als wls ale ale als 2lr abe als abs als als ofe
AR AR AT SRR AR SR AT R AR SR ARSI R ARSI RIS ARSI SRAT IR ARIR L KRR

ITERATION 1

Al= 1.40905-Bl= -1.18377 Cl= 339464 Dl1= -3.52895
COEFFICIENTS FROM CURVE FITTING

A2= «16757 B2= ~-.05820 C2=  .06005 D2= -.16596
NUSSELT NUMBER= 9.61300 ’

COEFFICIENTS FROM 1. ITERATION

A3= 1.61087 B3= —+55949 (3= «57732 D3= —1.59544
oBs als wls wlp als al s wbs wis ods S s abe Wir bd alr ats Jasbdndasbd—whs‘ J W e abs ofs ale sls abs als wie ois o 4 e sa\b e als abs s wle W,
SRR S SIE SRR 3R 3 3 SRS SR 303 38 A2 SR A0S A RO AR RO R e AR NP RN SRR N AT 30 ARROR RN SRR IR BN

ITERATION 2

Al= 1.61087 Bl= -¢55949 (Cl= «57732 Dl= ~-1.59544
COEFFICIENTS FROM CURVE FITTING

A2= «17775 B2= -.05811 C2= .02565 D2= -.14173
NUSSELT NUMBER = $.31805 .
DIFFERENCE= 29494

COEFFICIENTS FROM 2. ITERATION

A3= 1.65629 B3= —e 54149 (3= «23909 D3= ~-1,32072
sl st e s sk el s s st sestestestestesgesteatest sestestesteteste stk i stk sk ek et sistestesie e s skt sl ol s siolesteok

ITERATION 3

Al= 1.65629 Bl= -+ 54149 Cl= +23909 Dl1= -1.32072
COEFFICIENTS FROM CURVE. FITTING

A2= «17928 BZ2= ~-.05848 C2= .02092 D2= -.13813
NUSSELT NUMBER = 9.28042

DIFFERENCE= .03763

COEFFICIENTS FROM 3. ITERATION :
A3= 1.66386 83— ' .54279 C3= «19415 D3= - -1,28195

\ s als als ats adp 1o So als ol ol ;’—\ s
J‘:‘:—.\P.‘\r’\ 12 3 sl sl s Slesle s sjeslesi shesese sl sieSie ek 3 rrr%-’r-r'-‘—- <SR NS e n‘l’l SR RENR R N N N AN A AL AR A ke K

ITERATION 4 ' o -
Al= 1.66386 Bl= -¢54279 Cl= = .19415 Dl= -1.28195
COEFFICIENTS FROM CURVE FITTING . ,
A2=" .17952 B2= -.05856 C2= .02022 D2= ~«13759
NUSSELT NUMBER = G.27483 '

DIFFERENCE= .00558 A

COEFFICIENTS FROM 4. ITERATION



/

.18755 D3= =1.27616

12 5tz ste sle 2o ute o ' wls alo ale o sleslosie e sk
SISL LS

sl slsk st T e 2 sloale sl sle als ste ale sle
SRR R ke e sie s sl e s sle s s sl e sl s sl e sla s e s

JOTOSY . slasle slesle slesle
SR SRR3R SR e se e sl sjesie e sk

ITERATION 5 |
Al=  1.66504 Bl=  -,54314 Cl= .18755 Dl= ~-1.27616
COEFFICIENTS FROM CURVE FITTING | ,
pA2=  .17955 B2=  -.05857 C2= .02011 D2=  -,13751
NUSSELT NUMBER=  9.27398 |
DIFFERENCE= .00084 ,
COEFFICIENTS FROM 5. ITERATION ,
A3=  1.66522 B3=  -,54320 C3= .18655 D3= -1.27528
VALUES FOR TEMPERATURE DISTRIBUTION | :
ETA VALUES | -
0.000 .100 .200 .300 .400 500 .600 L700 .800 .900 1.000
THETA VALUES :
1.665 1,611 1.553 1,484 1. 396 1.280 1.131. .938 697 397 .033

Bl —\ e s e J als e ale wis als ats als o als ats oty
3¢ 323t 3 NE NEI AL A A AN HeAek 'r'v'c'rﬁ'rr'-”p'p".% SR 330 % 340 28 303 308 B St Sl e ST e 200 32 S e ol 3K e e BRSSO NE AR R R

A3=  1.66504 B3

won

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

als wls als by ol wle ate abs ats als wls ats als als als abr als odo nls als abs sl afs ats ato als als ol als als by s
SR NE3R SR AT BT AERE NE AN AT KL 2K SR 32 {T S A2 T 22 234 B A A AT KT He 3¢ 3¢ 3¢ 300 KT A sy R AR

PRANDTL NUMBER= . 100

REYNOLDS NUMBER = 10000.0
PECLET NUMBER = 1000.0 '

by ale als by Jo Lr ¥ wls oty ale als abr als ads wis b als o,
SRISES

S, e whs als als wlo ale als ats wle abs WBa aSs als o, s wle als als abs ale als als ale ats Wy abs als s Wls ale als wloals abs oty ale als ale als afs s als als als by als als aloals als ale ol abe o als ots
18 SR SR 3e e S e e S SRS e Sesie 38 BT SIS SR T AR 338 3B 3 38 AT 32 28 200 e 3e 3T A S ANIE 3 3¢ NE 2 HIIK 38 N e sl ol ReAe ENe N e sk
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ITERATION 1

Al= 1.42854 Bl=.  =1.21151 Cl= 3436337 Dl= =-3.47704
COEFFICIENTS FROM CURVE FITTING ‘

A2= «15203 B2= -+05542 (C2= .05378 D2= ~e14631
NUSSELT NUMBER= 10.72525 - . .
COEFFICIENTS FROM 1. ITERATION o -
A3= 1 63059 83— .59447 C3“ 57689 D3— —1.56930~

ITERATION 2

Al= | 1.63059% Bl=  -.59447 Cl= «57689 Dl= -1.56930
COEFFICIENTS FROM CURVE FITTING B :

A2= «16138 B2= -.05542 C2= =~ .02219 D2Z= —e12396
NUSSELT NUMBER= 10439243

DIFFERENCE= «33281 :

COEFFICIENTS FROM 2. ITERATION - :

A3= 1. 6771’ B3= .57598 C3= «23066 D3= ~-1.28832

N Sl atr als ale wle wls als 2le alo ale aloals sis ale wlonle ale sbr ol ale ale ole als als alo ale sl als e ale olo wly ol
she slesie Me i Ma sl sl e ol 3k sie sz Sk sk ol sjesie s aiesie Sl 3l g Se sl B BB AN BT AT AT ATAT [T HINS (2 e sz e 342 e 3kl sl sk e o sksk e sk skl e sie s

ITERATION 3 SR ,
Al= 1.67717 Bl=  =.57598 Cl= .23066 Dl= -1.28832
COEFFICIENTS FROM CURVE FITTING

A2 = .16283 B2= -.05579 C2= 01772 D2= =-.12055
NUSSELT NUMBER= 10.34903 :
DIFFERENCE= .04340

COEFFICIENTS FROM 3. ITERATION

A3=- 1.68514 B3= —.57737 C3= .18347 D3= -1.24762

e Mg sl ale ol ste 2 3 it Besk sieslk sesle sk
30 e He e Hesie sfeog 3 A AN AR (L q e ol Sl e SN R N NN [T (e LA Hea e

4 ale e e
SRR SRR RE AR S NENC 38 S BN e AN NN Ne AN e ek




ITERATION 4 | |
Al=  1,68514 Bl= =,57737 Cl= .18347 Dl= ~-1.24762
COEFFICIENTS FROM CURVE FITTING

A2= .16305 B2=  -.05586 C2= .01705 D2= -,12002
NUSSELT NUMBER= 10.34242 |

DIFFERENCE= .00661

COEFFICIENTS FROM 4. ITERATION

A3=  1.68642 B3= .57775 C3= «1763

als als als als als wbs ofs > s ats wle als ats ats als ol als oty -
IR A 3403 NN e e s s e e sic siesle sie e sl s siesle s siesie sfe e s e i o)

-1,24139

. Al wls als als als als abs Vs obs \l< als alsals als whe wir ale Wlr als abs
AR IR ARSI SR PR SRR O 5% SX IR ARRT 3R R AR AT AR 32 5K

ITERATION 5
Al= 1.68642 Bl= ~«571775 Cl= . «17636 Dl= ~1.24139
COEFFICIENTS FROM CURVE FITTING :
A2= « 1630 B2= -.05587 C2= «01694 D2= ~«11994
NUSSELT NUMBER= 10.34139 ’ ‘
DIFFERENCE= . «00103 ,
COEFFICIENTS FROM 5. ITERATION -
A3- 1 68662 83‘ -«57781 (3= 17525 D3= -1,24041
ITERATION 6
Al= 1.6866¢2 Bl= -«57781 Cl= «17525 Dl=  -1.24041
COEFFICIENTS FROM CURVE FITTING
A2= »1631C B2= -.05587 C2= 01693 D2= - -.11993.
NUSSELT NUMBER= 10.34122 ‘
DIFFERENCE= .00016
COEFFICIENTS FROM 6. ITERATION
A3= 1.68665 B3=  -,57783 (3= «17508 D3= -1.24026
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES : : ,
0.000 .100 .200 .300 .400 .500 .600 700 800 .900 1.000
THETA VALUES ‘
1.686 1. 629 1 568 l 495 14404 1.286 1. 135 «942 L7001 . .404 .043

wte als ats als ot -t 'o\l 'A " s wlr alo ats o o als 'o\‘r ~4 aly o Al als als als abs wie als ats 3ls Als als i, als wls atods wls als ale ale als als
SR SR IRRE AR N SRR SIS IR BRI BN R < S22 SIS SlE 3T Bt E e 2 e T se sl 8 A% ki e sk e NE e kSR e s

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATURE

e wle wlsals als ofs o als ats als als wls als Ao wlsads wle als wls als als ale Mo sl Al als ale als ale als At st als ale slo als ale als als afe wbo als wlo W ale 2o als als ale oo ale ale aly sloals Wo als s ale ale olo ols
SRS 1032 31 ST N2 S 38 212 3¢ Siesie e BT N AT T A A ATIT A A RI AR SRS AT BTN HT A A AT AT AN A A AEAC TEH RN AT I R IE NN IR E R

PRANDTL NUMBER = «100 :
REYNOLDS NUMBER= 30000.0
PECLET NUMBER= 300C.0

e ale ale Wls alsals ats ofs alr als abs sl ale wls Al als ale wly abs wts als Wby als wis sl als wbs Wby als als als aly als als ol ole wts als
St 3% sl s esje s s sl kool sl slesie e sl slesle sle st 3ie 3ie it 3 i sle 3% 3% AR Bk e g 3 3 Sl Sl Bk e s Bk ek e 3k s, r S 3R B8 38 o sje e s S AR Bk el sk

S= 17.600
N= - 264510

*ﬂvk*nrr»r*aw***********************************r i 30 e s e 3k ek 3 e SRR oK
ITERATION 1 L : » :

Al= 1.70922 Bl= -«69410 Cl= ‘930331 Dl= -1,18216
COEFFICIENTS FROM CURVE FITTING

A2= «08358 BZ2= -.03399 (2= .01545 D2= -.05837

NUSSELT NUMBER= 20.42563 ’

COEFFICIENTS FROM 1. ITERATION ' , ‘

A3= 1.70736 B3=  =—.69438 C3= «31561 D3= -1,19225

33l 3t s sl sl sl e 3t sl sie slesie sl e sie it sl sl dfe 3ie I Sk 3O e 3L 3jE 3K e Bl 34 30 i A8 g ST Ne e NENE RN Sk 3t s e sl sik e e sl e sk sl sk ‘P'P*:.r*

ITERATION 2 ‘
Al=  1.70736 Bl=  —.69438 Cl= .31561 Dl= -1,19225
COEFFICIENTS FROM CURVE FITTING :




A2= .08356 B2= -+03398 (2= . «01554 D2= -.05843
NUSSELT NUMBER= 20.42874 : S
DIFFERENCE= 00311 :

COEFFICIENTS FROM 2. ITERATION

A3= 1. 70704 B3= .69433 C3' .31746 D3= . ~-1.19383

ate e ale abs als of, alr whanls o ake o Jl e ale alr wbe als abs wls ofs o e e sl wts abs nbs als als als sloats als wls sl aly of, 3
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ITERATION 3 . |

Al=  1.70704 Bl= ~ =-.69433 Cl= «31746 Dl= -1.,19383

COEFFICIENTS FROM CURVE FITTING

A2= .08355 B2=  -.03398 C2= .01555 D2=  -.,05844

NUSSELT NUMBER= 20.42926

DIFFERENCE= .00051 -

COEFFICIENTS FROM 3, ITERATION

A3=  1.70699 B3= ~.69432 C3= .31776 D3= =-1.19408

VALUES. FOR TEMPERATURE DISTRIBUTION

ETA VALUES |

0.000 .100 .200 +300 .400 .500 .600 .700 .800 .900 1,000

THETA VALUES - | | | 3
1,706 1,639 1.571 1,495 1.403 1.290 1,146 967 .743 .469 .136

e e ats als ats als als als sls als wls aly i abs atoals wle als ate ale ale abs ol
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PRANDTL NUMBER = «10C
REYNOLDS NUMBER= 50000.0
PECLET NUMBER= 5000.0

wls ale ohs sl wls ats ats o,
"

s, 1o ale als ate als absale wis ale sle sbe sbo ol ahe als afe ale abs ale ale sl abo ade sl W als wle alsals alr ale ale ale als ale sbe ol als ale ale als ale ale s o
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ITERATION 1 | |

Al= 1.,68665 Bl= ~.57783 Cl= .17508 Dl= ~-1,24026
COEFFICIENTS FROM CURVE FITTING -

A2= .05758 B2=  -.02626 C2= .02642 D2=  -.05483
NUSSELT NUMBER= - 29.70042

COEFFICIENTS FROM 1. ITERATION :
A3=  1.71025 B3=  -.78007 C3=  .78491 D3= -1.62857

, ats whe als ol ol ats als als als ols o, Yo als by afs \ s als wie wls ol ats als o s I
sl sle sl siesle siesie sle st sle sle Siesle S AR SRR NS NI 3 < 3c3i¢ Sie 3ie sje Sl sie sie 28 308 3l sl 3 e e 3 e e 38 342 22 sl oie 32 sle 3 e e N SEsE Se SR KSR B 3R

ITERATION 2 _ A

Al= 1.71025 Bl= -.78007 Cl= “«78491 Dl= -1,62857
COEFFICIENTS FROM CURVE FITTING '

A2= . 05890 B2= -.02748 C2= .03064 D2= -,05904
NUSSELT NUMBER= 28.85461

DIFFERENCE= .84580 '

COEFFICIENTS FROM 2. ITERATION

A3= 1.69967 B3=  -.79293 C3= . 23 D3= ~1.70380

aleate o, JJ e als
nﬂrr'rw%nn—-.r'rﬂrﬁ BRI

kY
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! ale wls als abs o W ale als als st ale als ale ate ale ols sl als ol ale als ol als als i
N2 Sle SO S 5 310 3l B SIS SRIE i S SRR OIS BE ST AR AT AR AL 3R AR

ITERATION 3 ' ; '
Al= 1.69967 Bl= ~.79293 Cl= .88423 Dl= =~1.70380
COEFFICIENTS FROM CURVE FITTING

A2= .05877 B2= -.02746 C2= .03107 D2= -.05936
NUSSELT NUMBER= 28.88329 ‘ ‘ .
DIFFERENCE= = .02867 ]

COEFFICIENTS FROM 3. ITERATION : .
A3= 1.69769 B3= -+e79325 C3= - ,89751 D3= -1.71474

wlo o \‘ wle als wls als ale ale als Ws ale sty als als 82 2he wle wlo Wa als Ve als afs s wloale ats Ae ale oo als by
slesle sho sl sl sl sl sk sfesie S sjesie sk sk Sl 3ie e e g Bee e Sl N etk 3% 3R RESTSINE S NE IR K BT A SRR K2 e RN S NS N B AN R



ITERATION 4 :

Al= 1.,6976% Bl= -+ 19325 Cl= «89751 Dl=" =-1,71474
COEFFICIENTS FROM CURVE FITTING : '
A2= .05875 B2= ~.02745 C2= 03113 D2= -.05941
NUSSELT NUMBER= 28.88770 -
DIFFERENCE= «00440

COEFFICIENTS FROM 4., ITERATION

A3- 1 69735‘83— .79322 C3— 89953 D3= -1.71645

[
e ole e le g slzate als ale ale o ole ate als ale alsats sl - ol als ohs uq ate st e sle alrate ale ale ale ale als e oo
'u'r'r'ﬁ SRR NN A e AL N e e sk sk 3k SR 3RR 320 A N AT S BN e e Re g He sk Sl Ne Ak e ke et e R

ITERATION 5 - :
Al= 1.69735 Bl= -+ 793222 Cl= «89953 Dl= -1.71645
COEFFICIENTS FROM CURVE FITTING ’
A2=  ,05875 B2= -.02745 C2= 03114 D2= -.05942
NUSSELT NUMBER= 28,.88841

DIFFERENCE= .00070 '

COEFFICIENTS FROM 5, ITERATION S v

A3 = 1.69730 B3= -.79322 C3= . .89985 D3= -1,71672
VALUES FOR TEMPERATURE DISIRIBUTION ' : S

ETA VALUES

0.000 .100 .200 .300 400 .500 .600 .700 .800 ,900 1.000
THETA VALUES

1.697 1.625 1. 560 14493 le4l4 14311 11774 .994‘

« 759 460 .087
', e \ alr ol als alr o J whe wls als wle Wiy We J b wls als J by P d >h Al ats ale als als w8s Wle als wlo als abs W Wl wls ale als b wle ale atoals wls abfs Wl ole ols oA
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CALCULATION OF NUSSELT ‘NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATIRE

sle 2 e sie sle sle st oe T T slz 3l s s whs abe ol ate abe
Sie 318 348 35 siesie Sk sie i eaie Ble Slesle 3ie S SR 3 TR e ek e ek N ek e 3k

PRANDTL NUMBER = .lOOA
REYNOLDS NUMBER= 70000.0.
PECLET NUMBER = 7000.0

o ste st sle sle ge ale o St ate shoste sty o, e ahe ale sl ste ale ats sy sbe ste slo ats ate ale alrale ale sle sto ale sle sho ale 3o sl e sle sle she ale soate. e sle sl ale ste sl she
< PRIRIR AN SR SRR SRPR AR SR SRR PR RN PR SR 3R O PR R SR SRR SR AR SR SR SR SR AR AR K IR AR AR AR AR AT AT BRI SRR AR AR IR AR SR AR 5%
S= 35.040 '
N= 52.180

3 als als als als wle alo als wls al als abs wle wloads olr als o als wls ats als als afs als e ol s als als ot e ate o s whe als wis b als wlo als atsals ats sis o, te i abs
Sie il i sie sfeshe st sl ie sl sl sl sleaia sle 3ie 2ieaie Sle e e S ST St B¢ 538 312 T 3T 3 3T S S AT NE AL HE K 3L SN NN AT NTNT e e HLAT L 3 NN AONE e SR N A (e ek

ITERATION 1 ,
Al= 1.69357 Bl= -« 72457 Cl= 47235 Dl=" =1.26445
COEFFICIENTS FROM CURVE FITTING : .
A2= «04393 B2= -.01879 C2= . .01227 D2Z2= ~-.03282
NUSSELT NUMBER= 38.54191 :
COEFFICIENTS FROM 1. ITERATION

A3=.  1.69348 B3= -+ 72458 C3= «47300 D3=  -1,26497

e Js ols 23 Lo ale als ate Ae aleads Al wls als Whs als als ofs als wte wls als als als oty afs wis ols ol oty s als ats abr wls e by s Wl e ale olo ale o
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ITERATION 2 B |

Al=  1.69348 Bl=  =-.72458 Cl=  .47300 Dl= =1.26497
COEFFICIENTS FROM CURVE FITTING | ,
A2= .04393 B2=  ~-,01880 C2= .01227 D2=  -.03282
NUSSELT NUMBER= 38.54174 ,
DIFFERENCE= .00017

COEFFICIENTS FROM 2. ITERATION

A3=  1.69346 B3= . -.72458 C3= - .47313 D3= -1.26508
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES |

0.000 .100 200 +300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES ‘

1.693 l 624 14557 le 484 1.398 1.291 1.155 .984 .768 «502  L176
S sleste sl sl sl sl stesle s sl sl sie s sle i Sesie B SiRK Bk < 318 34 34834 3 e e sie e e N2 s Nje s e s e sesiesiaskc :‘« 303K NS O S NN KK




CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN . PIPE
CONSTANT WALL TEMPERATURE

e ats ole als ats wls b alr wls ale obs o g e abe J‘Jt s o als wis 3! -
323 R sesie e e e sie ik s sl i Akole e et sfesk s sl sk sk ekl sk ek ik sk Siesie 233l e e esie sl sfe ARl sl e e el KA

PRANDTL NUMBER = «100
REYNOLDS NUMBER= 1000006.0
PECLET NUMBER= 10000.0

e ate ats ale aleats otrals ats s ofe ats als als wlo als als als whe
SRR SR HENEAS NEACR NN A KL AR e e ez sk
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ITERATION 1
Al= 1.68237 Bl=  -,76146 Cl= «64393 Dl= -1.37660
COEFFICIENTS FROM CURVE FITTING
A2= .03305 B2= -.01499 C2= 01299 D2= -.02735
NUSSELT NUMBER= 50.82581
COEFFICIENTS FROM 1. ITERATION

- 1.67988 .76211 .66073 -1.39010

e Ads whe st s e ale ate oo Wis b o e ot J J bo ats wls als abe als wbe als wbs ofs alo als wls ats Wb dp ate whs wl,
S 3o e e e 2l A% e e A N s e SRR e e sk sl sz 2k sle e e 3l Noie sl sie e e s e e e sk sk e Sjesie sk sie 3ok

ITERATION 2
Al= 1.67988 Bl= ~-,76211 Cl= .66073 Dl= -1.39010
COEFFICIENTS FROM CURVE FITTING
A2= .03303 B2= -.,01499 C2= .01304 D2=  -,02738
'NUSSELT NUMBER= 50.83603
DIFFERENCE= .01021
COEFFICIENTS FROM = 2., ITERATION
1.67946  —,76209 66326 -1.39221
VALUES FOR TEMPERATWRE DISIRIBUTION
ETA VALUES
0.000 .100 .200 .300 .400 .500 .600 .700° .800 .900 1.000
THETA VALUES , :
1.679 1.608 14542 1.472 1.391 1.290 1,160 .993 .781 .515 0.000

wlr ats als als ale als ols ale sl abs ale als abs ade Wls als 2ls ale abs Als wls als wis als ale ate als als Wls ats iy afe als ate ofs \‘ o ais o Jo
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

i 3z 3 v sjesie sisie Sheosje sjeosie sheje sl siesiesie siesiesie sie sl sle sl S e e Sl sie 3¢ sie e 33 3 3K 3ot e s ik 3 Ble e s 3k sk sl i se e slesie siejesie e s
PRANDTL NUMBER= «.100
REYNOLDS NUMBER= © 300000.0

PECLET NUMBER = 30000.0

X e Mo ale aleale Al als ale ats e ale ale Sl Seate sle sl ste 3l ale ale sl 8% 2 sz sl aly 3o sts e sl ie'she sbe ale 3z 2T ste sle Al als stz ale st sio ale sle S slo sl o JORIN
e sk el et B3R B g SR sk 3R NE NN 3T NNE NI AR BRI BT AT L AT 5 ST R AR RE 0T S8BT R KT AT T RN 30 RO N AR AL N L3k
S= 116.400
N— 165.120

N " Joale ale als als als als ale ale alo ol 2o wte Wl als Al als Wls Wls als Al obs ade alrale als als b abs Al als ofs be We als wle ate wle ats 3o wte o wle als .
Skl sl s e sk s sl sl sl Sj i sle 30 EE AR ESE RO AT RN R AT HLAT HIN R A R NIRRT KL HTAE KA RIAC AAOCAIIL AL AR e AT AT R RN

ITERATION 1 i
Al=  1.,71079 Bl= -.70027 Cl= «34591 Dl= -1,18143
COEFFICIENTS FROM CURVE FITTING
A2=  .01237 B2=  -.00544 C2= .00412 D2=  -.00969
NUSSELT NUMBER= 137.90175 . :
COEFFICIENTS FROM 1. ITERATION

1. 70611 —.75071 1.56853  -~1,33691

bs‘ b abe oo wls b Ja\‘a o Wi Wby o whe e wte als by als ots o s wle wis wls o,
SH3e 3je 3 38 3 3N 3 NN e e N e 32 2 e xfe e sfesle sesle sl siesi e e shesiosi sk slosie sl sl

3%
3

3t
3¢
%

ITERATION 2 , X
Al=  1.70611 Bl=  =.75071 Cl= .56853 Dl= =-1.33691
COEFFICIENTS FROM CURVE FITTING ' ,



A2= 01242 B2= -.00550 C2=  .00441 D2= -.00996
NUSSELT NUMBER= 136.91001 : :

DIFFERENCE=" 99174 ' :
"COEFFICIENTS FROM 2., ITERATION

1.70142 -.75365 60417 =1.36447

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES S ,

0.000 .100 .200 .300 400 .500 .600 .700 .800 .900 1.000
THETA VALUES '

1.701 1.630 1.563 1.492 1. 409 1. 305 1.172 1.001 .786

.
als wts ols \‘o\ld e -le J
SRR ISR AT R T AT AL AL AL AL 348 30 K¢ 32 e 2l e 3k e e e s e slesie s e sje siesde sie sjesle sl sjeslesiesic sjesosiesksie s sgesie sy

517 0.000

s ohs ale Who o, to mls
AR E SR AR

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATUR E

ale als als ate o

r—r.=rvr'v <312 30 2T 238 313 30 Sle e ole e Sizsle sle e sie sl sl sl sk siesk sk s sl e sjesle sl ool e sie sje slesle skl sk e siesle < 3123l Sk sje s skesie sk skesiesie s sie e
PRANDTL NUMBER= - 050

REYNOLDS NUMBER = ‘ 3G00.0

PECLET NUMBER= 150.0

sttt st sl ettt sttt stk s sl ottt el st sl el skl el i Rl sl S sl
S= 2.860

N= 3.310

S e 3 s Sl ikt sk s skai sk s e s st e te s s s s ik 9 s e s s s e e sk sl s i e s st i i s e e e s e 3 sk et sk o

ITERATION 1 : : ,

Al= 1,59743 Bl= «17799 Cl= =1.72402 Dl1= -.06799
COEFFICIENTS FROM CURVE FITTING -

A2= " «32434 B2= «04640 C2= -+.48174 D2= .10823
NUSSELT NUMBER= 5.20776

COEFFICIENTS FROM 1, ITERATION

A3= 1.68911 83- «24168 C3= -2.50879 D3= .56366

ale by o s“\‘d;a#;\; als als ale als oI \ o e at, wts ~b~'« ats Wis wts Al o s ate ats WJ whe b wl, e ade ale als Wle ofe Wl ofs
3l sl sl slosle sl sl s siosk st s s 3ol sl skoaie i sl sje sasfesie ole it sie e s e He e e s e Al el Sjeae 3R N Skt sje se Sie s sl e sl siesle e e i ck Bk Sasie

ITERATION 2

Al= 1.,68911 Bl= +24168 Cl= =~2.50879 Dl= «56366
COEFFICIENTS FROM CURVE FITTING B
A2=" =~ 433074 B2= . «04648 C2= -.50558 D2= «12569
NUSSELT NUMBER= 515352

DIFFERENCE= «05424

COEFFICIENTS FROM 2. ITERATION

A3— .70450 83‘ «23954 (3= -2.60552 D3= 64714

« st 1, ube ale ale als olr wle she sls sl alo ofs 2o wis sle als als o
2 ahe sle Mo ate wieSle e o e stz wie o e »f si2 zsle Sl sk sk sl sl sk

ITERATION 3 ' | ‘

Al=  1.7045C Bl= 23954 Cl= -2.60552 Dl= 64714
COEFFICIENTS FROM CURVE FITTING :
A2= . .33166G B2= 04640 C2= -.50896 D2=  ,12821
NUSSELT NUMBER= 5.14579

DIFFERENCE= .00773 :

COEFFICIENTS FROM 3., ITERATION

A3= 1.70684 B3= .23879 C3= —2 61903 03= .65976

' sie M2 e We abs e wts whe e ale Wb, ahe o e Az wle ats whs ale whe als ale
Sk e she e ol sesde stesle oo sje sl skoslesie sl sjesie e 3 e Sie3e i sig Sl 3 32 S 3K N2 HEAE 3 S0 R S 3K e e 3r e AT Se e e e sje senie dje s i sesie B sl sle N e ek

ITERATION 4 : ' .

Al= 1.70684 Bl= .23879 Cl= =2.,61903 Di= 65976
COEFFICIENTS FROM CURVE FITTING :

A2= +33183 B2= 04639 (2= -.50946 D2= .12858
NUSSELT NUMBER= 5.14466




DIFFERENCE=
COEFFICIENTS FROM
A3= L. 70719 83—

ot s ats sle st
SRARNA AR 3R SR Hesesie s

ITERATION 5

Al= 1.7071¢ Bl=

COEFFICIENTS ‘FROM
A2= .33185 B2=
NUSSELT NUMBER=
DIFFERENCE=
COEFFICIENTS FROM
A3="  1.70724 B3=
VALUES FOR TEMPER
ETA VALUES

0.000 .100 .200 .300 .400 .500 «600 .700 .800

THETA VALUES
l 707 1.705 1.65

s Wy sle she sheste sle

- .00113

4. ITERATION (
123867 (3= -2.62100 D3

alr ale wle als abe afe ats

P d aly red
vr'n'wrvrr'. g e 3y sl s e sl s siesie sfe e sk sl sl e sk S

3t

e whs wle wls als wlo wip abs s afs Wie alswls b oo o, s wle abe
W 3% BRSNS A iR AR A AT RIS,

.23867 Cl= $ 66152
CURVE FITTING
.04638 C2=

5414449

-2.62100 D1=

~.50953 D2= «12863

.00016 : |

5. ITERATION
«23865 C3= =2,62129 D3=
ATURE DISIRIBUTION

«66178

5 1.560 1. 425 l 253 1. 049 .816 5 59 «281 ~.013

el obo als abs o ale s ale s ohs s st b wle slo o s ois we ol

R 38 SR NS L NIRRT R RN N ATICA N AR N2 3 AL 2 K22 A2 N e 2% e e sk sk sl e st i e sk e s ek e sl sese e e siese sk sk sk e sk

CALCULATION OF NU

SSELT NUMBER

FULLY DEVELOPED TURBULENT FLOW IN PIPE

CONSTANT WALL TEM

44 Jo 2 ale o

PERATURE

PRANDTL NUMBER= 050

REYNOLDS NUMBER= 8000.0

PECLET NUMBER= 400.0

S 6 .430

N 9.000

ITERATION 1

Al=. 1.80733 Bl= =-,33245 Cl= -1.20645 Dl= -e24303
COEFFICIENTS FROM CURVE FITTING ' ‘

A2="  .24588 B2= -.04118 C2= -.16804 D2= -.03427
NUSSELT NUMBER= T1.27847 ‘

COEFFICIENTS FROM 1. ITERATION '

A3= 1.78965 B3= -e29977 C3- -l 22310 D3— - 24945

whe sle ats ale absabs ws sl wls als ale afs alsate abe ole ol
SESR AR PR SARR SRR SRR ST ORAR 3 X 58

ITERATION 2

Al= 1.78965 Bl=
COEFFICIENTS FROM
A2= 24432 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3— 1.78928 83—

als ats als ade

ok 2 312 3K %
e s sk isie sk sleiese sie Sl I RER SRS

ITERATION 3

Al=  1.78928 Bl=

COEFFICIENTS FROM
A2= 24432 B2=
NUSSELT NUMBER =

DIFFERENCE= .0

~-.29977 Cl=" =1.22310 Dl=

CURVE FITTING
-.04059 C2=
1432333

~e24945

-.16759 D2Z2= -.03378

«04486

2. ITERATION

—+29728 C3= =1.,22731 D3= ~e 24743
e 35 33 3 e e i 3K 0 S s ik sl S s sl s ok sk 3k s e ok e e s skt s s stk sk e s sk o

-.29728 Cl=
CURVE FITTING
Te32324
0009 -

-1.,22731 Dl1= =e24743

~«16761 D2= =.03377

.900 1.000




COEFFICIENTS FROM 3. ITERATION

A3= 1.78926 B3=  ~,29717 C3= -1.22750 D3= =-.24734
VALUES FOR TEMPERATURE DISTRIBUTION :

ETA VALUES

0.000 .100 .200 .300 .400 .500 .600 ..700 .800 900 ‘1.000
THETA VALUES ' '

1.789 l.747 1.678 1.582 1.458 1. 302 i 115 894 .639 347 L017

wle oo o ek o < s sl . o
ol

SR TN BT NN 3 N2 e SRR e e B e s skesk e seske R < 3SR SR NN K K3 SR Bk

ale als ots sl al,
3o NE 32 33 k3 SR S B3N 30 38 Besle e ok S SiE SRR NS sl Rk B R 3R

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CDNSTANT WALL TEMPERATURE

PRANDTL NUMBER= «050
REYNOLDS NUMBER= 10G00.0
PECLET NUMBER = 500.0

s o ats als wls als als ads als als wls alsats » trate als ale als als wloale abs ale Wby afs ale ol e wlaals wle wty alsats als oy ofs
SROSERISRNE SRR AN SR BE ST SR SIS N2 SR OSSR SRS SR BT S R SR S SRk s NS s sk NI RS e e e e s sl s e slask SR slesiene e sk

S= . 7.560
N= 10.930

s als als bs als als wirnle ois als o Jo ale ats ala ale als ats als als aty ats als ol als ale als als ale ale Wls wle Ao ale Als Wl als s Al alo ale als als olo Wle alr oo als ate als alsale Wiy als als wls als oVs
SR AR SRS NS AR SR AR SRR SRASR AR AR AR AR PR SASR SR SR SR SR SRR SR AR SR AR AR PR AR SRR SR AR PR SR SRNRIR A S AR SR A AT AN IR ZR AR L5351

ITERATION 1 :
Al= 1.68665 Bl= ~e57783 Cl= «17508 Dl= =1.24026
COEFFICIENTS FROM CURVE FITTING

A2= «22118 B2= -.04150 C2= -+12797 D2= - .04859
NUSSELT NUMBER= 8.04985 = :
COEFFICIENTS FROM 1. ITERATION

A3?; 1 78052 83— ~.334ll C3— —1 03019 D3— -¢39120

ITERATION = 2 '

Al= ' -1.78052 Bl= -¢33411 Cl= -1,03C019 Dl= = -.39120
COEFFICIENTS FROM CURVE FITTING

A2= 22123 B2= -.04167 C2= -+14883 D2= -.03353
NUSSELT NUMBER= 793249

DIFFERENCE= 11736

COEFFICIENTS FROM 2. ITERATION

A3= 1.80251 B3= ~=-.33058 C3= ~-l. 18059 D3= ~.26604

et skl s stk sl sk ssia sl Lo ale ste als abs sle ale ats ls sts'sle als Ao 2ie o ig sle o e als stoals e ot o
sie3jesie sjesie siesie sl sje sl Bl 3 Sl ARSI NE SESR N BARTSRENT IR NI H AASR AL AL AL NI ALAIR A, <308 IR 2 SR NESENE BN SNT N T A AR A AR 3

ITERATION 3

Al= 1,80251 Bl= -+33058 Cl= =1,18059 Dl= ~+26604
COEFFICIENTS FROM CURVE FITTING - _

A2= 22822 B2= -.04194 (2= -+15189 D2= -.03116
NUSSELT NUMBER= = 7.91572 ’ '
DIFFERENCE= 01676

COEFFICIENTS FROM 3. ITERATION. ,

A3 = 1.80652 83— .33205 3= ~1. 20236 D3= .24673

" SO 3t ¢ sk el < sl ste 3k 2 st ste e ste s 2l s ol sl ale ale als o o e e e sl
e slesio siesie sleale shesle s sfo s sie sl shesle j¢ sie sl sesie s aie se sl sie sjeie Sie sie sie sie sie sl sjesle e e sie sle sl siesje siesie sje s slesle slesie se sl ek Ajesiesiec S5

ITERATION 4

Al= 1.80652 Bl=  =.33205 Cl= -1.20236 Dl=  =—.,24673
COEFFICIENTS FROM CURVE FITTING :

A2 = .22838 B2= -.04200 C2= -.,15239 D2= -.03077
NUSSELT NUMBER=  7.91297

DIFFERENCE= .00274

COEFFICIENTS FROM 4, ITERATION



~1.20586 D3= .24356

A3= 1.80721 83" —+33239 (3=
32 SRR AR R0k e se s e sk ek r—********'f*“‘r******" S oia 23202 31 3y S sie S i S g e s seale e i e s s A NENS KKK

ITERATION 5 : .

Al= 1.80721 Bl= = -.33239 Cl= -1.20586 Dl= ~+24356
COEFFICIENTS FROM CURVE FITTING )
A2= « 22841 B2= -.04201 C2= -.15247 D2=  =-.03071
NUSSELT NUMBER= 7.91251 -

DIFFERENCE= «00046

COEFFICIENTS FROM 5, ITERATION

A3= 1.80733 B3= —e33245 (3= -1,20645 D3= —«24303
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES
0.000 .100 '.200 «300 .400 .500 .600 L.700 .800 .900 1.000
THETA VALUES :
1.807 1.761 1. 690 1 592 1 465 1. 309 l 121 .900 «644 353 .025

als by o by als abr wly o l, wls wbs \’ b d J e \r ats wls s iy wls ale als ats wis
Sie s SR B et i3k sl ae s s sk sie sk 3 318 BN NE AR i 34 e 36 34 38 Bk sje 3l 3l sie e sle e Sfksje st e sie sl Sk e it s sie 3je e s ke e slesle e e sie sie s ok

CALCULATION OF NUSSELT NUMBER ‘
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

s ale oty »" Jr |¢ alr ats als \‘ ‘.4 J e 1o ale ate by als ale als als wle als aly wls als by als als ale ole afr als als wls Wl ols alo als als wls ale ols abs ol abe als als als alsals Aty obs
AL R < ST 3R 218 I 30 BT S ST A ARt 2T S8 NE B AR 4% 3o e 28 e A% BT R e a2 e 3k e g3 2lasie s 3t 3t i 23 N A 3 e sfesle sjesie s sie Bk

PRANDTL NUMBER = .050
REYNOLDS NUMBER= 30000.0
PECLET NUMBER= 1500.0

e ale als alr als wls wle afs als s >:a als alsals als wby Wo als ale als als ale b als of : : ale . e als J s wle wle als als ais wbs aly
330 SR ACARAE 2R3 A AR A 20 RO AR HOIL AL A AT R LT HOHCAL AT AL AT RO N e AL A N2 AN RN (L R NN K

3 slksfe 2 3 2ol e sk oie 3k afeade sie S sl i e e sfesle sl ale s o siesfele sjeafe ik sl sl sfe s o sheste ok ajesie st s i s st e o Teale xk o sk sk i ook ok koK
ITERATION 1 ,

Al=s  1.86553 Bl=  =,43631 Cl= -1,01193 Dl= -,36458
COEFFICIENTS FROM CURVE FITTING -

A2= .13055 B2=  -.02303 C2= -,10182 D2= =-.00291

NUSSELT NUMBER= 14.44027 '
COEFFICIENTS FROM 1. ITERATION

A3= 1.88521 B3=  -.33265 C3= -1.,47033 D3~ .04210

sie sk 3l she stee se sl sloal i s Shesle sl sl siesle sig sl 3je e Sk 3¢ e it sle Sie 3K 3e 30K 3 e 2l KT 3 32 K 3 e sl sl e 3ig 3T 34 e Bl e s sfe el e e slesi s sie s s sk
ITERATION 2 :

Al= 1.88521 Bl= = =.33265 Cl= =-1.47033 Dl= =-,04210
COEFFICIENTS FROM CURVE FITTING .

A2= .13075 B2= -,02276 C2= =-.,10600 D2=  ,00078

NUSSELT NUMBER= 14.48770 ~

DIFFERENCE= 04743

COEFFICIENTS FROM 2. ITERATION

A3= 1 89436 53- —.32981 C3= -1 53581 03— .01137

ITERATION 3 . : :
Al= 1.89436 Bl=  =.32981 Cl= -1,53581 Dl= 01137
COEFFICIENTS FROM CURVE FITTING

A2= .13099 B2= -.02282 C2= =-,10678 D2= .00137
NUSSELT NUMBER= 14.47439

DIFFERENCE= .01330 '

COEFFICIENTS FROM 3, ITERATION . o

A3=  1.89613 B3= —-.33036 C3= -1,54558 D3= .01995




wls abs wlo s— als wls als als alr ls alo ats sle abs ale abs iz slrals 2le ale sl als ais ole
3O L AN T A ALAT AL LT 3 A A1AG AT 3N AL N e sy sfesye e s sk sk e sfesie e aje e diesie sjesie sfesle sie sl sl i sl sl sy 3¢ siesje e e siksie e sl el

ITERATION 4 : : ' '

Al= = 1.89613 Bl= ~+33036 Cl= -1.54558 Dl= «01995
COEFFICIENTS FROM CURVE FITTING -

A2= «13104 B2= -.02283 C2= -.10691 D2= .00148
NUSSELT NUMBER= 14.4721% '
DIFFERENCE= «00225

COEFFICIENTS FROM 4. ITERATION

A3= 1.89645 B3—~ —e 33050 C3= -1.54722 D3= .02142

wls alsals nls J s . \ aly e ale wle ale abe als Wle als als wle 2l abs als als als whs abs als abs ol - als wls wls aly als als wle wlr ats als ale aloafs aly ale afs als ale wbe
SeNg R RN R SN0 e 2 BT e 3w e N N e e lese e siesle sl sl s sl sie sk sie sieslesie slesie sje sk sie sl s sje ok ofe sl e Sjesje sl sl Sl e i Sl st 3R

ITERATION 5 : ‘
Al= 1.89645 Bl= -«33050 Cl= -1.54722 Dl= .02142
COEFFICIENTS FROM CURVE FITTING

A2= «13104 B2= -.02284 C2= -+10693 D2= «00149
NUSSELT NUMBER= 14.47173

DIFFERENCE= « 00040

COEFFICIENTS FROM 5. ITERATION .

A3= 1.89651 B3= -e33053 C3= =1.54751 D3= .02168
VALUES FOR TEMPERATURE DISTRIBUTIUN

ETA VALUES

0.000 .100 .200 300 400 .500 .600 . .700 .800 .900 1.000
THETA VALUES '

1.896 1.848 1.768 1.658 14518 1.347 1.145 4914 .652 361 .040
je slesle sl se sk sle slesie sie sie Sjesfe sfesle e sie hesie sfe e sje sjenleosie sl ol sie sie s sle e e sl 3ie sie sie sje e e slesle siesie she sl ool slesje slese sje e sl sl sese sl siesisie sl sie sk

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

CALCULATION 0OF NUSSELT NUMBER :

FULLY DEVELOPED TWRBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATUR E

32 SRS AR BN RN AR S AR AT IR AN RUARTAT ST AR TN IR A AT AT AT KA IR AAEAT SR 3T NIRRT N RN NN LRI AR K
PR ANDTL NUMBER= «05C

REYNOLDS NUMBER= 50000.0

PECLET NUMBER= 2500.0

I8 342 32 SR NE 3R 38 TR AN NI AT REH AR AL A IR B R R G e R R e R R SRR R AL R R R R
S— 264620
N= 39.910

Ay als e als ate e wls als als abs als ale als ats als als ats als als als wls wle wle wis wle als ale by ate ols wle alo alr als oo alo le 2o als Wls als ats Woals ale s ale oo wbs wls
SRR n- 33 ARR B R R R R R R R R R R R R R A S R R R R R S SR P e A R R S S

ITERATION 1

Al= 1.86553 Bl= -e43631 Cl= -1.01193 Dl1= —«36458
COEFFICIENTS FROM CURVE FITTING

A2 = .09486 B2= -.02037 C2= -.06299 D2= -.,00651
NUSSELT NUMBER= 19.61533.

COEFFICIENTS FROM 1. ITERATION

A3= 1. 86076 B3= -+39973 C3= -1. 2355' D3— =e12787
esle sk ,\., sie s siesfesie sl s o Sesie shesie sie oIl 3 e e s Sl e SlE BE Sk i 3 3K K 3T BRI N AR A NN A N Rk q~q~vr>r SR rn SRR BRI
ITERATION 2

Al= 1.86076 Bl= —.39973 Cl= =1.23557 Dl= —e12787
COEFFICIENTS FROM CURVE FITTING

A2 = L09446 B2= —.02070 C2= -.06169 D2= ~.00707
NUSSELT NUMBER= 19.69719 o
DIFFERENCE= 08185

COEFFICIENTS FROM 2. ITERATION ;

A3= 1.8606% B3= -.40783 C3— -l 21515 D3= .13935

e uls ale alsale sls ale sls stz stz ste ste abe of Lot o alosle slo Wo wle sle o e ale
e sisie Sosk siesl siesle sk 5,":;::;::,'.,:\2‘,.',~q~v.~'r~'m't~'v'r'r-rﬂ < 318 30 HE NIRRT RS N NN A BTN NI AL AT 2 3 e 3 ik e el el sk ve ko e diksk



ITERATION 3 ,
Al= . '1,86063 Bl= -.40783 Cl= =1,21515 Dl1= -.13935
COEFFICIENTS FROM CURVE FITTING - ~
A2= .09443 B2= -.02072 C2= -.06156 D2= -.00715
NUSSELT NUMBER= 19.70127% )
DIFFERENCE= 00408 _
COEFFICIENTS FROM 3¢ ITERATION
A3= 1.86043 B3=  -.40822 C3= =-1,21293 D3= -,14098
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES . -
'0.000 .100 200 - .300 .400 «500 .600 . .700 .800 .900 1.000
THETA VALUES : ‘ .
1 860 1.807 1.729 1e624 14494 1.335 1,148 .931 ,685 .407 0.000

s';d ‘¢J4 ale abs ol s l» e wlr wle e ale als wls b als ale afs sl als als als afs wte abs wls abs als wis - who wb, s wis ale als be ol als o 5, Sr wle wle 2o ohs nis whs s wls
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE
34T RAE AL LA JENE AT L RO [T AT N2 e e e N2 S e e e e sia s sje s sie 38 e sje sk e siesie e siese sfesle sl sjesie s sie sfesieale e sjesk el sjesiele s e e
PRANDTL NUMBER = 050
REYNOLDS NUMBER= 70000.0
PECLET NUMBER= 3500.0
35 040
. 52.180

S
N

JJ o ale ls
i 20 3K 38 S e S 38 3 ST Sl TR 3 3 g e e SiE SiRE B R NE IR N3

e ale sl ols als als ats wle alsabs ale aho als sle sls als ade sbo ale sle sbe als oty slo ole
SRR SRK 'p SR OSICSE AT N S AT SIS BSR NE STAE 3E SR e e sk,

ITERATION 1 :

Al= 1.86553 Bl= ~e43631 Cl= -1.01193 Dl1= —¢36458
COEFFICIENTS FROM CURVE FITTING

A2= «0729C B2= -.01390 C2= -.05550 D2= .00026
NUSSELT NUMBER= 25.82229

COEFFICIENTS FROM 1. ITERATION

A3= l. 88269 B3= .35907 C3= —1.4331" Pp3= - .00680

’d J r ats \I\ Vs als wls als als al, e whe ale alsals als ats
SR AR sk sk 3 sieslk e Sesle e siosle s siesie sl slesiesk s siaie st sjesie skl siesie sl ek .n’-'r'v—cr < 38 38 SR SRS e Bk Bk e

ITERATION 2 |
Al=  1.88266 Bl= -.35907 Cl= =-1,43317 Dl= 00680
COEFFICIENTS FROM CURVE FITTING o
AZ= .07324 B2=  -.01425 C2=  -,05566 D2=  .00048
NUSSELT NUMBER= 25.74581

DIFFERENCE= 07648 .

COEFFICIENTS FROM 2. ITERATION

A3=  1,88568 B3=  —.36694 C3= —1.43315 D3=

*
3¢

********************‘»«. < 52 SIS 38 SR B AERET BT S AR BT AT AL SN HOALLAL 2R i iR SeNg s Sle skl i sl vy
ITERATION 3 A )

Al= 1.88568 Bl= ~«36694 Cl= ~-1.43315 Dl1= «01240
COEFFICIENTS FROM CURVE FITTING

A2= 07326 BZ2= -.01427 C2= -.05570 D2= «00052

NUSSELT NUMBER= 25.74376

DIFFERENCE= .00205 _
" COEFFICIENTS FROM 3., ITERATION v

A3- l 88607 B3— .36756 C3= —1.43399 D3— 7.01348

ITERATIUN 4 _

Al=  1.88607 Bl= =+36756 Cl= =-1.43399 Dl= .01348
COEFFICIENTS FROM CURVE FITTING

A2=. .07326 B2= -.01428 C2= .-.05571 D2= .00053
NUSSELT NUMBER= 25.74312

'DIFFERENCE= " .00063
COEFFICIENTS FROM 4. ITERATION




A3= 1.88613 B3= —e36761 C3= -1.43423 D3= 01371
VALUES FOR TEMPERATURE DISTRIBUTION ~ :

ETA VALUES ‘ . '
0.000 .100 .200 .300 .400  .500 .600 700 .800 .900 1.000
THETA VALUES

1.886 1 835 14755 1le647 1.510 1.345 1.152 f.930 681 .403 .098

Ao als als aly als Al wls abe abe J, 1y ats Al W, ,
'rﬂ~'r'ofq~—| 30 NIRRT AR S AR AORT HNE A 35 K2 2N 30 e dele s e e e sfe sk sl s sl il e ik sie sk i s e aje i 30 ok sl sk SRl e S ks

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW .IN PIPE
CDNSTANT HALL TEMPERATURE

als s als ale ol o d ale wle wte ale Whe wls als abs wls 3,
e 38 e e sieie Al Ne BTNt e Sie e Sk e s Ne e it sieske e sjesieie sk sle i sl skl sl skl sl sie sk sk

PRANDTL NUMBER— .050

REYNOLDS NUMBER = 1000600.0
PECLET NUMBER = 5000.0

Wor abs als ale als sl als wis wis abr e abs als bl wlo als 2ls abeals wis Wl ale als abs als wts al,wl, e o ale wle als ats als als ale ale alsals sl abe s wls wle o,
S SRRE AT SN HOAT 3T AT HIA AR K AL A AN HOAIAL 38 R0 A AL RCAIRE RN S AN e A2 RO NTHCNTR AL AL AA AR AR SR e

S= ' 46,970
N= 69.270

ITERATION 1 ‘
Al=  1.83084 Bl=  -.47589 Cl= -.84826 Dl= =-.37968
COEFFICIENTS FROM ‘CURVE FITTING
A2= 05745 B2=  -.,01586 C2= =-,02277 D2=- ~,01461
NUSSELT NUMBER= 31.64911 , ’
COEFFICIENTS FROM 1. ITERATION

1.81853 ~,50200 -.72092 .46267

e 2 ‘uld e ala s J,\‘J atr als ols J\»L ‘\'-J-J J\ als
ssjesle sjesk e sie il sie e sesie siesiesie sie Sjesie N esie sle s sie s e o Sl sfe iz 3o 3l g 3 g e Aese SRR RO R AR

ITERATION 2 |
Al= 1.81853 Bl= =-.50200 Cl= -.72092 Dl= —.46267
COEFFICIENTS FROM CURVE FITTING . A
A2= .05725 B2= -.01587 C2= -.02207 D2= =,01510
NUSSELT NUMBER= 31.71179 »
DIFFERENCE= .06268
COEFFICIENTS FROM 2. ITERATION
'1.81573  =.50344 -.70008 —.47909

VALUES FOR -TEMPERATURE DISTRIBUTION
ETA VALUES »

0.000 100 200 300 <400 4500 .600 4700 4800 .900 1.000
THETA 'VALUES ’ A
1.815 1.757 1.683 1.588 1.471 1.329 1. 158 +955 719 .446 0.000

Ne sl sk . o1 s .,«. sto st 3 st Slosle 3z ale slesfe sl ale ho be sleals ale sl ate ule aloste Sle ale wle ol ste ate sty
pAR P i Nk , ek ', ,‘.., b3 2585 —,- b , ek 4\., , PEP A AP 12 55 Sie i sl ok \r‘ b3 SRR ST SRR SRS AR 35T RIS RIS

aheals als sl ale ats als ale obe
1 e X b KPP KPP Kb FIPR P

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

e st sle st i she st kst ik sk sk e st sk s lesle s 3l 3 2 3k 2 sjesle s sjesie e sde s e s e sfese st sl sfesle e s siesie e sfe sieslesfe st sesle il sfesfesiesie sk
PRANDTL NUMBER = .05C

REYNOLDS NUMBER= 300000.0

PECLET NUMBER= 15000.0

she st sk st stk st sl e ste sl sfe steole e sl siesie sk ke sk sl 3 Sl sl i 3je Sl 3 e sie sl sl sl e sl sk s sl sk sk sk e sl sl s * s se e sie e s siesle sk Sl sieslesle sl

S= 116.400

PORKSISTH o ale ale ahs ale sls abe sbs ale sle sbe ale she Stz oie 1o ule sle sty olz obe als sle 220 Wby ale ale ale e ohe
e ot sieslesiesie slesle S Aeslesle sl e NI RISR BEIR AT A0 AR AR ARIR IR AL AR AT IR 3030 0 2% 08 3% SR SR SR 38 Ak

ITERATION 1 : '
Al= 1.82888 Bl= ~+51325 Cl= r.6§830 Dl= -.52106

COEFFICIENTS FROM CURVE FITTING

e als \—~—\I:J.- as‘slod wle alr sto wionis als ale oo als als wls
GRS AR B R R R R R R GRGEOR R



A2=  .02252 B2= ~-.00637 C2= -.00790 D2=  -,00657
NUSSELT NUMBER= 81.14624
COEFFICIENTS FROM 1. ITERATION

1.82781 —.51691 .64113 .53367

ITERATION 2
Al=  1.82781 Bl= -,51691 Cl= -.64113 Dl= -.53367
COEFFICIENTS FROM CURVE FITTING | L
A2=  .02251 B2= -.00632 C2= =-.00803 D2= =-.,00648
NUSSELT NUMBER= 81.17696 o
DIFFERENCE= .03072
COEFFICIENTS FROM 2. ITERATION
- 1.82785 . -.51318 -.65211  -.52625
VALUES FOR TEMPERATWRE DISTRIBUTION
ETA VALUES
0.000 .100 .200 L300 .400 .500 .600 4700 .800 4900 1.000
THETA VALUES , |
1.827 1,769 1.694 1.600 1.484 1.342 1,171 968 .730 .454 0.000

e wls ole ate als abe ale wle wie wls wis ole als als wle wie ale ale b afs ale ols als wle ale ale abr ol oo ale ofs o 3l ats b\»* e wis nis whe ole
SRR RS NENT AT HC ALK R R A AT ACRLAE A IR AT R RN e WA HTRCAANL Ae 3o 3ie 2ege dese sesle N Aol BT N N AN AL R

abs als alr als alp als als
LR R R SRS

3

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

she she she ote Mo ste stesie sk skale st sl sl sle oo sie shosie sie sikaleale 2t et 3 sl st sl slo ok sk ol sfe sloale sk
BN s R ek e ARSR SR SESR AL SN SR SIBR SR SRR BR SR ST SR SRS SR AN AT 3E SR 55358 51,

PRANDTL NUMBER= 050
REYNOLDS NUMBER = " 500000.0
PECLET NUMBER = 25000.0

e Vo wle ale wle als odo 'a s o ats als als whe abe als als als ols ale als ale e abe als ale als afe ale als ale als als s abe oo ale e Wle aly 2o alo aleads wls als als als ol ols Wls
SR PRIR B R B NE B AR SR ALK SIACE I SN A AL TR 3 AL N A0 A NI HERC AR A ROIIRC A [0 AR REA0RAH B AR BT R R AWM AR %

S= 177.830
N=.  247.000

2 31 sle e sk e e Sl sl el sl Be sk Jo abz als slo ale ale ale sho ale
£ .,"p Sle st sk sie sk sl st e sl st Sheslo sie 3k Siesie e siesie sl sie sz sl Slesie st

ITERATION "1 -
Al= 1.83084 Bl= ~«47589 Cl= ~+84826 Dl1= —+37968
COEFFICIENTS FROM CURVE FITTING :
A2= 01389 BZ2= ~-.00367 C2= ~+00595 D2= -.00327
NUSSELT NUMBER= 133.12128
COEFFICIENTS FROM 1. ITERATION
184977 - 48960 ~e19274 -«43606
ITERATION 2
Al= - 1.84977 Bl= ~«48960 Cl= ~e 719274 Dl= - «43606
COEFFICIENTS FROM CURVE FITTING
A2= .01408 B2= -.00373 C2= -.00594 D2= -.,00339
NUSSELT NUMBER= 131.22029 : :
DIFFERENCE= 1.906099
COEFFICIENTS FROM 2. ITERATION
1.847186 -.48986 —« 18043 ~e44611

VALUES FOR 1EMPERATURE DISTRIBUTION
ETA VALUES :

0.000 .100 .200 L300 .400 .500 .600 ,L,700 .800 .900 1.000
THETA VALUES :

1.847 1.790 1.115 1.618 1. 498 1.352 l.176 969 ,728 .449 0,000

o Wiy abs Wi ahe wle als ale wle als ale ats als ol ale ale slo wte ale als ale ale e wls o ale
ke ,,.,..,. slzste sl s sl sl 3je sl S Sl SISl e 3R e SR B 3k 3 < 33 3 SIS T HONR 3R 3T 3 BT A T 3ee esje wg e e e sk seae de s e ek e feski desksk

ale wls abs ale ale wle als wls wds s ats abs ale als als als Wle lo als wls \l a Ao als wlo Wl o als
3123234 23 A ¢ R 2 AR NTNE (N2 3T RN AT K S ROR HIA L AL AN N ek

CALCULATION OF NUSSELT NUMBER .
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATLRE |



e

bs‘ 1o wle alsals ale als als ale afs wls of,
SRR NN -« SRHERNC B e NN sk

PRANDTL NUMBER=
REYNOLDS NUMBER=
PECLET NUMBER=

S 38 32 3¢ 3 Sk B8 38 SRR AT e i e SR

Pl >|¢ ats ~l’
R NN B 3

ITERATION 1

Al= 1.70724 Bl=
COEFFICIENTS FROM
A2= «39401 B2=
NUSSELT NUMBER=
COEFFICIENTS FROM
A3= 1.84025 B3=

slesle sl st siesic i sl sie stesle e stesle e sto sk Sledesia e <3 M sk oz ale absols

SRR ERARSASR BRI R

ITERATION - 2

Al= 1.84025 Bl1=
COEFFICIENTS FROM
A2= 40496 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3= 1.86473 B3=

ale alsals o

ale sl Wo ale abs als b, \l‘a e als alr ale wte ale aleials ale ol als als wte als wls ol als aly Al ole als oty als sbs ot .lg ale ale wloals sle e als als ais ols
SOAEARI SR STSE R 3R SRR BT TN SR SR SE TR R B SR AR S AT 3R 58 SRS SR SR 28 3R 3R RX 3R 38 FRAA AR IR AE RIS R

010
3000.0
'30.0

3z stz she S aloate Al ale sl ale ats ate ale ale ale als sl wio als ale afe afs s whe als ale abs aly oo sle ale ale ale ale wlo o,
Bk SRR SE SRR NE SR ISR BT E SR RASE AL SRR SESE SRR SRS TSI RS NE SRS o2

Mo s

ate wls ale als te nle ale by s ol b ats wls by ale alo oty wbs ale yio als wls ofs ale
<% 3I 30 3E 30 30 e 3 e sl e e siesie sjesie e st ste slesle sje sfesie sl sl sesie slesie 2k sje siesle e e sjesie slesle se sl e sk R

23865 Cl= =2.,62129 Dl1=
CURVE FITTING
04656 C2=
44,67045 »
1. ITERATION
« 21748 CB“ "—3.45366 D3=

.66178

~« 13947 D2= 29740

1. 38900

ale ol R s ats
SRR S 3% 3T SESIE SR 8 5IE 333 3 3 e 2e sl Se i iR 3¢ Sl e BT e sl 3t Sl e e S Sk sfasje 3¢ 3

«21748 Cl= =3.45366 Dl=
CURVE FITTING

.04330 C2=
4460463

1.38900

-77474 D2= .32522

.06582

2. ITERATION ,
. 19940 ca- -3.,56740 D3= 1 49754

e sle ale sle ot JJ«J

- wls rs e wls als abe wbe als ots
SE 3R 3% SRS TSR RN NR ST 3 Sl AL NN MA SR B 31 350 SR 3R 3R 3K 3 3l e Sk SR BT K 3R BE B 3¢ S Sl SR e 30 SR SRR S B e s ST e e AR RRR R

ITERATION 3

Al= 1.86473 Bl=
COEFFICIENTS FROM
A2= 40681 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3“ l 86889 B3=

ITERATION 4

Al= 1.86889 Bl=
COEFFICIENTS FROM
A2= 40712 B2=
NUSSELT NUMBER =
DIFFERENCE=
COEFFICIENTS FROM
A3= 1.86958 B3=

32 sle ate wle oloat by

- als als als oty als als als als Wi
132 B BE SRR NS NIRRT [T AR 38

ITERATION 5

Al= 1.86958 Bl=
COEFFICIENTS FROM
A2= 40717 B2=
NUSSELT NUMBER =
DIFFERENCE=
COEFFICIENTS FROM
A3= 1.86970 B3=
VALUES FOR TEMPERA
ETA VALUES -

4459396
«01067

19940 Cl= =3.56740 Dl=
CURVE FITTING
«04261 C2=

1.49754

~+.78041 DZ2= «32978

3. ITERATION :
«19577 C3= -3.,58518 D3=

ale ats wts als oo sle alz sl abe als als als als wts als sle sle ats als ole ale afe obs ofz sl o sls
SRR SR SRR SRR SR SR SRR SR RIBR SR SR SR S B SRS ST 83

1.51500

o sl wle als abs als wls wls ol s ol s aloabs sie ale wls als obs oo
SRR ZERTR 51 38 3R RS 3R 3R 338 38 A8 L3838 3%

«»19577 Cl= -3.58518 Dl=
CURVE FITTING

«04249 C2=
44.59220

1.51500

~« 78134 D2= | « 33053

.00175

4o ITERATION
«19514 C3= -—3.58808 D3= 1.51787

o als Al ale wls abs als ol als als als wls afs Wl abe wbo als Wls ale wls afs als alo als WIs als afs ats 2l wbs whe ale als als als U afs ale alo oty It. wlo abe by ols wls
SR SRS A AT L HAAR ST AN A RN S SR SR T SRS RSE S B BN A8 R 5SS AN BRI SR SR SRR

.19514 Cl= ~3.,58808 Dl=  1.51787
CURVE FITTING
.04247 C2=

4459191

-.78149 D2= .33065

.00029

5. ITERATION |
.19504 C3= -3,58856 D3=
TWRE DISTRIBUTION

1.51834




0.000° .100 .200 4300 .400 .500 «600 .700. .800 .900 1.000
THETA VALUES ' T

1.869 1.854 1777 1.646 1 470 1. 259 1.022 4768 <506 4245 =-.,005

e ate

s s so sle sl e oo sle
8 SR 3% e e Sl s Ne e s Scoose e skl SRR R 3 3SR S e e 3K g 3¢ v 3 e e e et Ha e NN SRR BRI AR

s wlo ate wls
SRR K

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT.FLOW IN PIPE
CONSTANT WALL TEMPERATURE

whs e ads o als Wl als Al als We ale wls als abs abs ats ale wloals als Al als Wis wls als ab, ale abs abs Vo ale alr oty als abs als als als oo afr als ofs ots o ale wbs wls ale whe ale wie alr afs alsals als ws wls wie Al obs i
5NN ATSE BT NTHC A A AR AT IR BTN TN AR 32 A 34 KT e 3¢ 32 N2 303 2 3 A< 32 3¢ s e sese Heoie g N8 Sl 3 AT 38 N AN AR N AR

PRANDTL NUMBER= - 010
REYNOLDS NUMBER= 8G00.0
PECLET NUMBER = 80.0

S= 64430 !

N= 9.000

St 3 aje s speie 3 s sk sfesfesie afesie s s e sfe iesiesle st s 30 sjesieafe sl siaje sl siesie sfesiesie sl e ek ke s s sfe e 3ieafe e sl sjesie siesis s sl sl sk e ekl sk
ITERATION 1 L

Al=  11,99591 Bl= -«00024 Cl= -3.,24915 Dl= ~1.25874
COEFFICIENTS FROM CURVE FITTING

A2= «37045 B2= «00275 C2= -~ 60744 D2= &  .23466

NUSSELT NUMBER = 5.34287 : .
COEFFICIENTS FROM 1., ITERATION : K

A3= 1.97932 B3= .01470 C3- ~3.24549 D3= "1, 25380

3'-'p-| stesie iR esie 318 e el 3o sie sle el i 3o sie 332 22 e sjo 3 3 3e 33 e 2 NE L A 38 T e Sk SR sk Re e e N s el sk e siesik sk ke ckok
ITERATION 2

Al= 1,97932 Bl= «01470 Cl= =3.24549 Dl= 1.25380
COEFFICIENTS FROM CURVE FITTING -

A2= 36783 B2= .00294 (C2= -.60362 D2= «23327

NUSSELT NUMBER= 5.38079

DIFFERENCE= .03(91

COEFFICIENTS FROM .ITERATION _

A3= 1.9792:= B3= .01584 C3= -3 24798 D3- 1.,25521

e wle by wls o,
e sk sl e sleae sleae sie sfe siesle sjesle e e sjesfe sic 3e sje 30 3 3k 20 e e e ek NN R ARk < 3% 33 r'rﬁmmo-rrm'p.-m'r—»’r KA

ITERATION 3 | . |

Al=  1.97923 Bl= 01584 Cl= =-3.24798 Dl=  1.25521

COEFFICIENTS FROM CURVE FITTING

A2=  .36783 B2=  .00295 C2= -.60366 D2= .23330

NUSSELT NUMBER=  5.38071

DIFFERENCE=  .00007

COEFFICIENTS FROM 3. ITERATION .

A3=. 1.97924 B3=  .01589 C3= =-3,24815 D3=  1.25532

VALUES FOR TEMPERATULRE DISTRIBUTION

ETA VALUES -
0.000 .100 <200 +300 +400 +500 +600 700 +800 .900 1.000

THETA VALUES |

1 979 l 949 1 862 l 725 1 546 1.3 2 l 090 .829 «555 L2777 4002

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE |

ats als als als abs wle als als ats abs b als wls als by als wle ols o e s als als abe wisals abp
3¢ st heostoslenk Siole st sie ke siesie s sk sk 3 Sl 31 32 3l sle sie Sesie 38 3k 3 sie 3iE Sl 3 N7 3¢ 32 34 e e N e S e se ol S e sl e sl ol sl sl e siesiesle sio sk "r’r“'r



PRAANDTL NUMBER= - «010 - L

REYNOLDS NUMBER= 10000.0

‘PECLET NUMBER= 1006.0

/** 23R 3RS ST AR BN HE NS N3 N N AL e sk «J‘r*****=:<*****=:<=:‘*"‘ b r—o‘ 3ic 3l s sfesiesie sje sl e sy s sl Sles BR SR AR NEE R
S= T1.560

N= 10.930

SRR 0 R AT LA 30 AL AR ALHTAL H AL AL 2R (2 2e 3¢ g e e e sl e e e 3o N e e sie el esle e ek e sie e e s sl sesie e speskesls Selesk

ITERATION 1 '
Al= 2.03178 Bl= «05649 Cl= ~-3.62480 Dl= 1.53867

COEFFICIENTS FROM CURVE FITTING
A2= «36364 BZ2= -.00041 C2= —+59809 DZ= +23583

NUSSELT NUMBER= 5451022
COEFFICIENTS FROM 1., ITERATION ' '
A3= 2.00374 B3= -.00228 C3- -3 29564 D3— 1.29948

als als wis wis ol ada~b~‘o e ale oty wle ate wle o e wls wls o e Wl
SR 3 3R 32 3 3e B g 3RS 38 R 30 Se el e e By e 3¢ Sle g sl 3¢ i sie e B oie e e s Sk sk Sie 3k PR SR AR ~-~ K SR SR B SRR e R sk

ITERATION 2

Al= 2.00374 Bl= -.00228 Cl= =3.29564 Dl= 1.29948
COEFFICIENTS FROM CURVE FITTING . -

A2= «36084 B2= ~-.00022 C2= -.58828 D2Z= 22858
NUSSELT NUMBER= = 5453478 '
DIFFERENCE= «02456

COEFFICIENTS FROM 2. ITERATION

ole oke
SRR

A3‘ l 99717 B3— .00125 C3— - .25601 D3= l 26518

ITERATION 3 » .

Al=  1.99717 Bl= =-.00125 Cl= =-3,25601 Dl= ~ 1.26518
COEFFICIENTS FROM CURVE FITTING

A2= .36036 B2=  -.00007 C2= -.58682 D2= .22744
NUSSELT NUMBER=  5.53853 |

DIFFERENCE= .00374

COEFFICIENTS FROM 3. ITERATION

A3= l 99591 B3— .00042 C3— -3. 25014 D3— ' l 25968

ITERATION 4 : ' ’
Al= = 1.,99591 Bl= -.00042 Cl= -3.,25014 Dl= 1.25968
COEFFICIENTS FROM CURVE FITTING

A2= +36028 BZ2= ~.00004 C2= -+58657 D2= 22724
NUSSELT NUMBER= ~ 5.53918

DIFFERENCE= .00064

COEFFICIENTS FROM 4. ITERATION ‘
A3= 1.99569 B3= ~.00024 C3= .-3.24915 D3= 1.25874
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES

0.000 .100 .200 +300 .400 .500 .600 .700 .800 .900 1.000

THETA VALUES .
1.995 1.964 l 875 1. 73! 1.556 1.340 1. 097 835 .560 .281

o b

e abs als Wl als als als wis l,\ als als wis ol
50 ek sl sle e se slesig s sk Sl e e SR BRR r'- S 3je e 3¢ 32 3ie e S e B e i 3k Siesie 3jesie slase sje se e Sle SN T e S 5T e

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN FIPE
CONSTANT WALL TEMPERATURE

[ORR

. s abe als wls o s wle of JoJ s ats ale als ade abs als oty abs ot Rl o atsals ats
3t sosie she ol sl sle siesie 3¢ s sjesic sieatesle sl SRR R 3831 35 3% SIR3IE 3K S 33K HENE A AE N HT ALK NEE NN e N NTIARE 32 3¢ 23R e e e N sy R ek

EPRANDTL NUMBER = L0100
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REYNOLDS NUMBER=  30600.0
PECLET NUMBER = ~300.0

ale sle ste shests sle sbe abe e sle whe she als afoals ale sl ale ste abs oo ol 8.
SR 3K HE 2 3IE 3TN B N T TR S e e sl e sl sfenie s S o %

3

s als wls s ale o e ats whe wls wle oty ale of wte L,
3t 38 2R ¥ 3R 2 3l Sle 3% Sl SR e NE e 3 e e e SR e it R AR K

ITERATION 1 ,
Al= ~ 2.08447 Bl= -+01529 Cl= -3.39742 Dl= 1.34054
COEFFICIENTS FROM CURVE FITTING

A2= «29211 B2= -.00093 C2= -.48096 D2= 19124
NUSSELT NUMBER = T.07422 ’ '

COEFFICIENTS FROM 1. -ITERATION
A3= 2.06645 B3=. =.,00664 C3= =3,40246 D3 l 35289

als als als oL, als ‘wlo\ e als ats als ale als als als ats als J L‘JJJJJJJJ T o nd , wle als
3020k e ot He 3 St v 30 3 3RS SE g N el i el S i Sl e sl s S AR AR AR S G < 20 348 Sig 38 i s sle 3 e ke i SRS B R a3

ITERATION 2 o )
Al= 206645 Bl= ~.00664 Cl= =-3.40246 Dl1= 1.35289
COEFFICIENTS FROM CURVE FITTING

A2= «2894C B2= -+.00090 C2= ~«47716 D2= «19010
NUSSELT NUMBER= T1.14346

DIFFERENCE= «06923 v

COEFFICIENTS FROM 2. ITERATION

A3= 2.06734 B3= -.00645 C3=" -3, 40862 D3= 1. 35798

als als ats als oo als als :‘» ate als ale wle abs whs als als abs aloabs afe wbe wbe ads wle vl whs aly ade als abs vl o Waals alsale ats ale ats als als i ofs
S SIS 3 38 33 3R Ol 3T B SR Sl S Bt Sie 3 BRSO A AR SRREA NI AIC AR R r'- 3R SRR N AR NIRRT AR SRR AR AR AR A AR AR

ITERATION 3 B ,
Al=  2.06734 Bl= =-.00645 Cl=- -3.40862 Dl=  1.35798
COEFFICIENTS FROM CURVE FITTING
p2= .28945 B2=. -.00091 C2=  =-,47733 D2= .19023
NUSSELT NUMBER=  7.14275 |
DIFFERENCE= .00070
COEFFICIENTS FROM 3. ITERATION
A3=  2.06751 B3= -.00654 C3= =-3,40949 D3= 1.35878
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES | - ,
0.000 100 .200 .300 400 .500 .600 .700 .800 900 1.000 .
THETA VALUES
2.067 2,034 1,940 1.795 1,606 1,381 1. 129 .858 <575 290 .010

KOPON 2 3t 3t st sleale sl sl siesle sleskeskc sosloslesleieslosiesi sk sl sl skl siesk o wts ale als als ale ateals ale ale ale ale als abs
a3t s sk sk sl N s sk B BN s sl sl sie sie sie s siesie ST Bjesie 3e 3e mie 3 Sl Bl Sl B8 St HE e Ssie 3R HE 3¢ e AT HE R AN g AR A AR A

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN- PIPE
CONSTANT WALL TEMPERATURE

te o 2 a2 she 3he sle ate abe ate ale w2 aleate de sle ale aly sle abe byl ot

. e sl sk ! stz o ol als ste abe ols ale ols oty als afs als sle nle ale als aloats ale she ste als ate oo
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PRANDTL NUMBER = 016G
REYNOLDS NUMBER= 50000.0
PECLET NUMBER=" ‘ 500.0

e Vs als ale als ofs als abs als als als abs als abs o, Lo ats als ot A o), tr wls wls to wts sl o, Yo of, L} L, T, Jo als wl. ’,
RORCORCR stoste st st sl g st st 3t ste ste sz sleshe a2 3 Sl ate e sl ale She sl sl sl 3 sl sie ot ol st Se sl st Bt sleste s ot sig sk sl sl sle sle Skl sk sl sk sleni it
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S= 26,620
N= 39.910
M3k e sl sl g Siesie et e sie Biesic sie sle slesi ol st sl sl sjenie sl skeslesie sl sle sk

! .- 1. als als als als ale alsals ale ale afs ale ate ale ale abe abe als stz alo wts ats ol
$2 sheste sle st Sle s sz 3l i a0t Sl sl ST SRSl A BT AR AR HE R AXAIRI ST

ITERATION 1



L= Le7900%Y DL= —eUUUZ4 (l= =3.,24910.Dl=" 1edD8 14
OEFFICIENTS FROM CURVE FITTING :

2= "' .23398 B2= -.00145 C2= -+38169 D2= «15053
I[USSELT NUMBER= 8.90573 '
OEFFICIENTS FROM 1., ITERATION

3= 2:08319 B3=  -.01291 C3= -3, 39931 D3= 1. 34064

RO < ate st e sl st st o e st st o s Ao ale sl ste sleate ale abe sha sl alz o
E3E AR SR SR NS Ao s e Hese e sk sk sk sl sk <3k r' 3K 3Ie 3 3¢ 3l 3ie 38 28 3l 380k s Nesie Sk 3¢ 3l e 5l 5ie sl it 3 5 e slE BRSNS i SR

TERATION 2 '
\1= 2.08379 Bl= "-.01291 Cl= =-3.39931 Dl= l.34064

JOEFFICIENTS FROM CURVE FITTING

\2= «24380 B2= -.00177 C2= —¢39737 DZ2=. 15678
USSELT NUMBER = 8454947 :

JIFFERENCES= «35625 :

OEFFICIENTS FROM 2. ITERATION

\3= 2 08439 B3‘ .01514 C3= =3.39735 D3= l 34039

[TERATION 3 ,

\l1=  2.08439 Bl= -,0l514 Cl= -3,39735 Dl=  1.34039
SOEFFICIENTS FROM CURVE FITTING _

\2=  .24381 B2= -,00178 C2= -,39738 D2= .15680

JUSSELT NUMBER=  8.54935

YIFFERENCE= .00012 .

S0EFFICIENTS FROM 3. ITERATION

A3=  2.08447 B3= =-,01529 C3= =-3.39742 D3= 1.34054

JALUES FOR TEMPERATURE DISTRIBUTION

=TA VALUES B , - :

0.000 .100 .200 .300 .400 500 .600 .700 .800 .900 1.000
THETA VALUES ) '

2.084 2,050 1.956 1.810 1.620 1,395 1 141 868 .584 .296 .012

ol ats als als J- \a\ whe ads by ats l e abs als ofs wls aloals als als atr wlo als ofs ol
SR A 3K NE 3R SR 3T B BT E IR LR A 38 N N e AN HIANCAC A RN AR ALY SIS 3830 BRSNS T ST N e SR Ko e siesi B e s sie s s

CALCULATION OF NUSSELT NUMBER .
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

Ao s Al als s o wo ate als als als by alo ols ols oty te aly als ale <, e als ofs ol .,
i SR 3ok sl sl s s i sjesl 3 sl sl si Siesie 3ie sle 3 e e 3k g 3k sl 34 3l Sl 3R A e sk R sie Hesle sk JERIRER 3 R 3R AR SR SRR IR R
PR ANDTL NUMBER = 010
REYNOLDS NUMBER= 70000.0
PECLET NUMBER= : 700.0
e e 308 3le St Sl sl ik e sl B8 SR 3 B e AR SRR 3R e sk i< Sie sjesie 3 s e e sle sl skl e e 323 HOSR A0 R 3R NSRS i NG N e g ARk R R ek
S= 35.040
N= 52.180
i2 310 31 S8 B2 o8 31 Sle 13K ol 3K Sh3le oie Sl Bl Sl i Sl ST BE SRk SR B3R Sk SR S8 3¢ 31 38 3Nt i Sie 342 2kt 3k Se e sk sk Hase sk sie Mesiasie sk sle ik sk e sk siesk sk sl hele s sk

ITERATION 1 .
Al= 2.07491 Bl= —.05293 Cl= -3.,19178 Dl= 1.18592

COEFFICIENTS FROM CURVE FITTING
A2 = «21187 B2= -.00344 C2= ~+33645 D2= «13107
NUSSELT NUMBER= 9.79611 '

COEFFICIENTS FROM 1. ITERATION : :
A3=. . 2,07553 B3=. -.03374 C3= -3.,29592 D3= 1.28407

Mo le sle als ale sls slo iz ats sl ale stz als st sl ale e ale 2l se ale ale sle aly ale als ale ole ale she o ale als ale abs sl ale ot sle sle shoale sl Ale 2l she slo 3o
e sie Shesie shesle sie sl sl e sl sl slesie ) e S esie SIE RIS AT AU AT ISR AT SRR NK SN SE AT RS S BT S8 LS HE N B A N0 AT NI 2T AN N N Hesie e RE e me s Rk

ITERATION 2 .
Al= 2.07553 Bl= -.03374 Cl= -3,29592 Dl=  1.28407
COEFFICIENTS FROM CURVE FIITING .

A2= .21172 B2= =-.00370 C2= —.33594 D2= .13099
NUSSELT NUMBER= ' 9.80688

DIFFERENCE= - 401077

COEFFICIENTS FROM 2. ITERATION



A3= 2.07631 B3T 0$633 C3— —3 29452 D3= 1.28467
ITERATION 3

Al= 2.07631 Bl= ~¢03633 Cl= -3,29452 Dl=  1.28467

COEFFICIENTS FROM CURVE FITTING

A2= - 21173 B2= ~+00372 C2= —-«33595 D2= «13101

NUSSELT NUMBER= | S.80674

DIFFERENCE= 00013

COEFFICIENTS FROM 3. ITERATION - :

A3= 2.07642 B3= -«03654 C3= -3,29461 D3= 1.28487

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES : :
0.000 .100 .200 .300 .400 «500 .600 .700 .800  .900 1.000
THETA VALUES ' '
2.076 2.041 1. 947 1.803 1.616 1, 395 1.145 7 .596 «311 .030

JJ\L%'«J—\\J«' e als wbe als by o el J
SRR e e sk sk kR N3k <312 32 3¢ 34 3 3ie 3l iRl 3k 3ik Sjesje el sie e e sl e sk e <A 33 SR ER SRR AR

Stz sloale st ale st ale abs ahe 3l ale stoale sls ale sle sle sloats slo sle sle sbe slc ste 3te
SRR EAR AR AP AP EP AR APAP AR PARAPIR PP IR EPAE PR R

CALCULATION OF NUSSELT NUMBER

'FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CDNSTANT WALL TEMPERATURE '
PRANDTL NUMBER— .OlO

REYNOLDS NUMBER= 1060000.0

PECLET NUMBER= - 1000.0

-ts sA' 'o als ate o als afs wls wts als stz als als ale ols wls ats stz als ale ke Wb o s ol < ’
SRR R < 31 st sie ol sk Sie s it Biesiesie Sl 3jg Sk ie Ble 3k 3je sl i sje sl 3 e sie sl sie sle sie e slesle sje sle 3 sje sk ale sle sie sla sl By Sle s s s B SRRk

S= 46.970
N=. - 69.270
TTERATION 1 - :
Al=  2.0507% Bl=  =-.09027 Cl= =-2.98833 Dl= 1.07294
COEFFICIENTS FROM CURVE FITTING
A2= 17779 B2=  -.00698 C2= -.26250 D2= .09543
NUSSELT NUMBER= 11.55856 |
COEFFICIENTS FROM 1. ITERATION

‘2 05500 ~-08068 -3.03417 1.10312

ITERATIDN 2 , ' S
Al= 2.05500 B1= -.08068 Cl= -3.03417 Dl= 1.10312
COEFFICIENTS FROM CURVE FITTING :

A2= .. L,17802 B2=  -.00696 (2= -«26331 D2= - .09600
NUSSELT NUMBER= 11.54908 :
DIFFERENCE= '« 00948

COEFFICIENTS FROM 2. ITERATION

2.055%9 —.08043 ~3 04108 1.10879

J b o tr wbs ats abe abs b ot J J Wr als wfr Wl afe ale ol wlrals ale als abr als als ale als afs als abs 2le wis ofy \': alsale afe als ale als sle ale abs
sheiesie sje sl sesik slosle 3je s Sesie slkoslkosie oie siesie sie e e Ne e SRk SRR A SRR RI RIS R 38 33T 33 58 385X 5038 FTRT 3R 23 38 38 338 383K SR SRR 38 33 38

ITERATION 3 _

Al= 2.05599 Bl= .08043 Cl= -3.04108 Dl= 1.10879
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES .

0.000 .100 .200 <300 .400 .500 .600 700 .800 .900 1.000
THETA VALUES :
2.055 2.018 1.927 1.788 1.608 1.394 1.152 4889 .613 .328

1y ol ats
SR RENE S AT R e e AR e e e NN

3t
3
3
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3
3
3%
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000

O.
o abs als wlo i o), Ve wis ats als alr ot s wls wle ale wls alsale als als als Al uls oo wlo who aly alo wls ale wls atoals sl ale als Jaw'
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE o

PYT 3% sl slo ale siz sle abe alz abests shs sl sho ade sfs ste abe
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FRANUIL NUMBER = L016 : - - 4
REYNOLDS NUMBER= 300000.0
PECLET NUMBER=  3000.0

e ule e sl ol

o ale sle ale wle ats Ao ate sl she ale ste sle wle Wo 3bo ale sle ots ale ob b "
BIC 3 HE3E NONT KT RGN TN 3T AL RIAEA N8 e ek e ke 3¢ 3 8 3 31 oKk o o,

b ale als sle o ' S a2 iz slo stz afe als ale ale sizate ate sle slo sl sie e
A AR AR R AR SR R 5 SRR AN NN LN R 'r'u R R b R R SR R SR A R
S= 116.400
N= 165.120
31 3 sk 3l 3l st 3tk sles sl e siose sl sl s sl sk slesk 1o bz ahe ate ale oo wfz ale als sbo alz Al abe She sbe sto o .
—r n‘ - ': o‘ SRS 2SR AT B3R 38 38 5838 'P‘r:r'r:u"w'-"v‘*:r'c~'|‘::~>-‘>‘|*';*':~*':~':‘*#-:'r':‘*—::’:::’ r‘ » ‘n 'r u '- - 'r'- r'r p t\'r:‘th\J b3

ITERATION 1 |
Al=  2.04518 Bl=  =-,13493 Cl= =-2.74437 Dl= .89013
COEFFICIENTS FROM CURVE FITTING I

A2="  .08888 B2= -,00728 C2= ~-.11323 D2= .03438
NUSSELT NUMBER= 22.83165 :
COEFFICIENTS FROM 1. ITERATION

2.02946  -.16644 =-2.58536 78511

ITERATION 2 »

Al=  2,02946 Bl= =.,16644 Cl= =-2.58536 Dl= .78511
COEFFICIENTS FROM CURVE FITTING ‘

A2= .08748 B2=  -,00556 C2= =-.11741 D2= 03784
NUSSELT NUMBER= 23.35807

DIFFERENCE= 52641

COEFFICIENTS FROM 2. ITERATION

2,04350  -.13008 -2. 1425/ ;88392

[TERATION 3 |

Al=  2.04350 Bl= -.13008 Cl= =-2.74257 Dl= ° .88392
VALUES FOR .TEMPER ATURE DISTRIBUTION

ETA VALUES |

0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES

2e 043 2.003 1.914 1.181 l 609 1.403 1. 168 .911 636 <348 0.000

ate ate ale Sho st e 2 3l 3te ste s sadosiesieste slesle < 212 i 3¢ sl sl ie sl sl sl slesle sleskestenk st slosk
e ek sie e sl s siese sje sie Be sl siesle i 2ie Slesie sje siesie Siesie ot ok iRt 3 i 2l g e e s e et ik Slele e se 3t e e e 3 e SR R e ek e R eI R Rk
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CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

PRANDTL NUMBER— \ .010
REYNOLDS NUMBER= 500000.0
PECLET NUMBER= 5000.0

177 830
2477 ,000

non 3

S
N

ITERATION 17 _
Al=  2.0956% Bl= ~.05789 Cl= =-3.15975 Dl= 1.16183
OEFFICIENTS FROM CURVE FITTING
2= .05866 B2= -.00210 C2=  -.08668 D2= .03135.
JUSSELT NUMBER= 35.61276
SOEFFICIENTS FROM 1. ITERATION

2 08924 X .07493 -3.,08726 1.11661
[TERATION 2\ _ _ :
1127 '2,08924 Bl=  -.07493 Cl= -3.08726 Dl= l.11661
OEFFICIENTS FROM CURVE FITTING
\2= . ,05854 B2= -.00212 C2=  ~-.08624 D2= .03104
USSELT NUMBER= 35466251 : _



D N A e . s Ut (4

COEFFICIENTS FROM 2. ITERATION
.08768 —.0(568 -3. 07562 1.10730

: ’ ~' ' wle als Ao wls als ale wis ats uly iy \‘,vd’ ats ate ale whe ste ol ale ;'a ate als als ale als als o als ais ale als als oty ale ol
SIESR AN 2R KT K e sk s Sl ue e SRk ’-.7'.~'.~—.w.~ S 3 34 30 3 e 3ls s e ol e 5K sl 3Tl 3i e BITK 21K 30E ST S 3K SIS ST S RIS SR K 3Kk

ITERATION 3 .

Al=  2.,08768 Bl= -.07568 Cl=" -3.07562 Dl
VALUES FOR 1EMPERATURE DISTRIBUTION

ETA VALUES

- 0.000 .100 .200 .300 400 .500 4600 .700 .800 .900 1.000
THETA VALUES

2.087 2. 050 1.958 1, 818 1. 636 1. 419 lol74 4907 .625 «335 O 000

3¢ sl ale e st e 3l e st 23 3k 3 < 32 e sk stesk . oo steste
3R NS HEHE R A 2 e Keese e ek e ek sk S Nk N NN ey 31832 348 ST ST 3 3ie B3 BT 338 SR K N R AR MRS NER

1.10730

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE -
CONSTANT WALL TEMPERATURE

u' ~ e - \‘ l— W ats ale als Wby wls als Wls Wie o als als Vo s als abs als ale Wb ais wbe abs Wls ats als abs ut, Ly wle wle ats ale als als ale
SN Sl sk <340 34 32 siesic siesie sl e siesle sje siosie Sl ot ol sk Meole ol 3k i sle Sie ke e 3l sie stk e siesic e ste sl sle leale sl ik sieste sle sl ste sk Siesle Slesie slesie sle i s

PRANDTL NUMBER= . 005
REYNOLDS NUMBER= 3600 .0
PECLET NUMBER = ' 15.0

o2 le st Mo al ate o e ste . le ' o,
SR AR R SR PR AT SR AR PR SRR SR AR AR5 LORGRAR AR AES RGOSR AR DR ~ S A A8 R38R PR SR SX SISR SR0R AR AR AR K ~
S= 2.860

N= 3.310

sto ale ahe nle st ate sle ale e ate sl wiz shoale afe she sle whe sle ale ahe afe sl she sle ale sle sl she 3o ale als ste sbe als ste sls st ats sbe ale abeale ahs sls sle 3o sho aie she sle sle ale sbe whe slo 32 slosle sle Yo sie ale she 3le
she sz 303l sle sl 31 sle 3l sl slk sl Slesie sle SiE 3l die sl Bl sz ole sie Ble Meoie St ok Sle ik sl sl ot o2 e sle e oig g sk sl Slesle e ale sl 3t Sl sl 3k ik Sl sl Sk ale i 3ig siksl sk Sle sie slesie sk

ITERATION 1 ' ~
Al= 1.86970 Bl= .19504 Cl= -3,58856 Dl= 1.51834
COEFFICIENTS FROM CURVE FITTING

A2= 41865 B2= .03936 C2=  -,81937 D2= 36047
NUSSELT NUMBER = 4,52492

COEFFICIENTS FROM 1. ITERATION : _

A3 = 1.8943& B3= . .11811 c3- -3,70761 D3= 1.63112

iz sleie sl sl sl sl sl sle i sl sl sl stsie sl 3o ksl sk sl e sk sy e 3tz ale ste ate of
AEARAIAI SR BRI AR 3R 2T 3038 SR T30 28 AR 3R 2R 33 A% 4 < ok Fesa e ok r RS K D

ITERATION 2 :
CAl= 1.89438& Bl= «17811 Cl= =3.70761 Dl= 1.63112
COEFFICIENTS FROM CURVE FITTING : ’

A2= «42061 B2= .03856 (2= -.82528 D2= «36526
NUSSELT NUMBER= 4.51417

DIFFERENCE= 01075

COEFFICIENTS FROM 2. ITERATION

A3=  1.89872 B3= .1140( C3= « 12545 DB— l 64888

ale ale oo als als afs abo sl sle ale shs ale Mo ade alo ale toale ste sl te sk st sk sk to et she ate slo sle
Sesiesie sl sl siosieosk e sie e sesesie e sl e N 38 S0 308 SIS 3 AR 38 AT A 2R AT AN L AL TR AN AT A2 N HTACR KR 33 NE SR e e e

ITERATION 3 .
Al= 1.89872 Bl= 17407 Cl=. -3.72545 Dl= 1.64888

COEFFICIENTS FROM CURVE FIITING

A2= 42094 B2= 03841 C2= -.82625 D2=" .36607
NUSSELT NUMBER=  4.,51236

DIFFERENCE=  .00180

COEFFICIENTS FROM 3. ITERATION

A3=  1.89946 B3= .17534 C3= -3.72838 D3=  1.65184

ITERATION 4 -
Al= 1.89946 Bl= L173234 Cl= =-3.72838 Dl=  1.65184
COEFFICIENTS FROM CUIRVE FITTING :

-




A2= «4210C B2= .03839 C2=  -.82642 D2= «36620
NUSSELT NUMBER= - 4,51206
DIFFERENCE= .00030
COEFFICIENTS FROM 4, ITERATION
A3=  1.89958 B3= «17322 (3= -3.(2887 D3=  1.65234
"VALUES FOR TEMPERATURE DISIRIBUTION
ETA VALUES
0.000 .100 .200 .300 .400 500 600 .700 +800 ..900 1.000
THETA VALUES _
1.899 1.881 1. 798 1,660 1.478 1.260 1 018 .760 «497 .239 -.003

J e \-\ J P> s als ale ale ale WJs als wls ads als 31s als wle ale als wis o
31 3% e 3o e BN A B EaNg ole e sle sl siesie sk sjesle sie sjesfesie sie ol e sl sl sl sie sl sle s ) < 35558 138 SE 3 30 3k SR Sje iR 3T ¢ 3K e st e Ne eSS SR sk R

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATUR&

3% 3 e 3R ST SR e A e Sl ol S RSk sk e sie i shese s ks —:5***********3:5*3:5*'- ¥ '1‘*3‘!"1‘-*9 Siesie sjesie s SR B BE s sR
PRANDTL NUMBER = .005

REYNOLDS NUMBER= 8000.0

PECLET NUMBER= 40,0

:f: 32 sl el s s st st et sl SR e ek sk :::V::: 3 sleslesie e sje e ok 2l 3g 3l 3 e sl 3 sle sle sl slesiz st sl sl 2l slesjesie sl ok sl st sle e e ksl e sl je el sk
S= 6.430

N= 9.000

SR Sie3ie Sje 5je Sje st Sl 5ie e ve s S s it N el e 2e e S e e e AR 31238 212 338 52 S E 8 B8 Sla iz it sje B e 3¢ S sesle sesle S Ne sl Sk
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ITERATION 1

Al=  2.0315& Bl= .05666 Cl= =-3,62394 Dl= 1.53784
COEFFICIENTS FROM CURVE -FITTING '
A2= .39812z B2=  ,01302 C2= -,71286 D2= .30182
NUSSELT NUMBER=  5.06139

COEFFICIENTS FROM 1. ITERATION

A3=  2.01507 B3= ~ .06592 C3= =-3.60806 D3= 1.52767

Yo alo als wls als als ale e als nbe ale ale abe als wls als whe abs als ale ale als s ole wbe ala ale b abe ofs J‘ ale l, s ate wlo alrats als als ol \l;.'a s
St sle 3o sl sl sie ste Sl sl sie 3l Sesle St ST IR Sie B 3K SIK TR SIS S SIESIE ik 31T 340 238 308 32 52 S8 31 ST S8 31T SIS SIS R SR R 3R S8 1T SR IR 38 B 3T Bt et Sl N e sk i sk

ITERATION 2 : -
Al=  2.01507 Bl= .06592 Cl= =3,60806 Dl=  1.52767 -
COEFFICIENTS FROM CURVE FITTING

A2= .39526 B2= .01308 C2= -.70796 D2=  .29974
NUSSELT NUMBER=  5.,09763 :

DIFFERENCE= .03623 ,

COEFFICIENTS FROM 2. ITERATION

A3=  2.01489 B3= .06669 C3= =3, 60896 D3= 1. 52797

B ate abe ale abe slo ats abe als ale wbo abs ale als ale sfs abs o als als als ale als wls ats als als sle o e e ale alrsbs sl ala afs als ate nbs

e sle sia sle sle sl U
SRRk P P4 D AU ISP AP AR AR AAPIP AP LI EREAS SRR skl st P b3 5 b R e 32 sk Nk SRONSSE SR SR SR SASR NS

slesie i
P r. sk b R

ITERATION 3 . -

Al=  2.01489 Bl= .06669 Cl= =3.60896 Dl=  1.52797

COEFFICIENTS FROM CURVE FITTING ‘ o

A2= .39525 B2= .01309 C2= —-.70796 D2= .29973

NUSSELT NUMBER=  5.09765 ‘ |
DIFFERENCE= +00001

COEFFICIENTS FROM 3. ITERATION

A3=  2.01487 B3= «06674 C3= =-3,60896 D3=  1.52794

VALUES FOR TEMPERATURE DISTRIBUTION |

ETA VALUES | - :
0.000 .100 .200 .300 .400 500 .600 .700 .800 .900 1,000

THETA VALUES ;
.014 1 986 l 896 1.151 l 561 l 336 l 085 .81( .540 .265 O OOO“

e ate SN as <3l N i 3le Sje Sesle el sl s 5¢ i
-.~o.\¢so\ P’. , | l Od r p 2 SPAP R , w~¢~¢,~ p




CALCULATIDN OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

ek 1302 312 SIest 12 30 30 310 31 3% Sle St ste she e st ate sle sl 3l sl ste e sty sl steste she sl afe ahe s sk ot she seste o e af als aloats Ao als als als 1, o,
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PRANDTL NUMBER= .005

REYNOLDS NUMBER = 10000.0
PECLET NUMBER = 50.0

alr ats ate ale sl als ats ale ale wis wls olo wls ol wle sl whe wlo b als ale afe ol ale ale als aloals ate ale ale als Wlo als als obs o, s wbs b als o, ;Ia e als st als ale als ol ols o, to wbs slsale sle sl J e J
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S= 1.560

N= 10.930
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ITERATION 1 ’ :

Al= 2.06344 Bl= .« 10572 Cl= =-3.95344 Dl= 1.78410
COEFFICIENTS FROM CURVE FITTING

Az= «39415 BZ2= .01053 C2= -« 70844 D2= .30421
NUSSELT NUMBER = 5.17237% ‘
COEFFICIENTS FROM 1. ITERATION

A3=. 2e 03872 B3= «05450 C3— —5 66432 D3~ 1. 57350

Sz 3t sl ate
>

s s ale afs ote ld’ ale abs wle e als P4 s e al p~|f y whe s o sl wte
3R BA 3R 3 3 3 HT e N s At sie seslene s At e soie Hlesie e 3 sk e 3t el e 373 N e e el sie e sl iesle siesle sle e 3ie sl siasle sl o sjesie sjesie Sig e sie ik Sle ke

ITERATION 2~ : ‘

Al= 2.03872 Bl=" «05450 Cl= =-3.66432 Dl1= 1.57350
COEFFICIENTS FROM CURVE FITTING

A2= «39147 B2=" .01072 C2= —.69899 D2Z2= 29722
NUSSELT NUMBER= 5419299 : ' ' :
DIFFERENCE= 02061

COEFFICIENTS FROM 2. ITERATION

A3= 2 0329C B3“ ,.05569 CB“ —: 62987 D3— L 54348

ITERATION 3
Al= 2.0329C Bl= ~ 05569 Cl= =~3.62987 Dl= 1.54348 .
COEFFICIENTS FROM CURVE FITTING .
A2= «39101 BZ2= 01687 C2="  =.69759 D2= «29611 -
NUSSELT NUMBER= 5.19614% :
DIFFERENCE= «00315 i
COEFFICIENTS FROM 3. ITERATION .
A3— 2 03178 83“ .05649 CB“ —:.62480 D3= 1.53867

ITERATION 4 : |
Al=  2,0317& Bl= .05649 Cl= =-3.62480 Dl=  1.53867
COEFFICIENTS FROM CURVE FIT1ING |
A2 = .39093 B2=.  .0l090 C2=  -.69735 D2= <29592
NUSSELT NUMBER=  5.19669 : -
DIFFERENCE= .00054
COEFFICIENTS FROM 4. ITERATION o
A3=  2.03158 BB3= .05666 C3= -3.62394 D3=  1.,53784
VALUES FOR TEMPERATURE DISIRIBUTION |
ETA VALUES , , :
0.000 .100 .200 .300 400 .500 .600 .700 .800 .900 1.000
THETA VALUES - o
2.031 2,002 1,910 1.763 1. 572 1.346 1, 093 822 544,268

.
\A\f\.f 'd ~‘ ale e ale ale wis alo 3o e Wie wls ooty ol s s ale ale ale o
sk sie sle i slosie ok sk sle siesle 3k slesie sl slsieng slesksie Sl e AR SRR ASRIR3 SR RN pr S PR SR RT NSRBI AT 5 Ao 5 ksl e sie R SR o e s




CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

e bs 2 32 3%

A J‘ wle ' A wto ol J b s , nts
31 3R A3 AR SR 3 A Ree 3R e e sl sl iesiok < 3R 3R 3 AR 3 sl vie N s s v e sfesie slesie siesie s slesksiesie sk r'r*'pﬁ SR HE NS

PRANDTL NUMBER = .005
REYNOLDS NUMBER= " 30000.0
PECLET NUMBER= 150.0

"N= 264,510
wle als ale als wls ws e sle ate sl ade wle by wle ale b ale ale abs als als als ate sle ol wie wbe als abs abs ale whs wle als afo ale als wls abs als abs ols > sty als als aty
SRS RTIR ST IR AEHT IR A AT REACITHT AT 1T KA 3L AL e 38 BE 2o e 2 el sk e s sk sie sjesie Hesle s sie s sje s sies

ITERATION 1 . ' o ‘

Al= 2.09955 Bl= «05116 Cl= =~3.75207 Dl= 1.60656
COEFFICIENTS FROM CURVE FITTING :

A2= . e34443 B2= 00839 C2= -.61582 D2= .26380
NUSSELT NUMBER= 6.09567 ~
COEFFICIENTS FROM 1. ITERATION

A3= 2.09982 B3= «05119 C3= =3.75384 D3= 1.60804

sl Shesie i sl sle sk als o o ats abe wbe sl atr als ale wbo abs P sl s

ats wts als als ats who wls wbs als ol I e wle ' wlo wls wl.
ke sie 51 3 Slesie sia sie Ao sie e i slese sje slesjesle sjosie sie sle st sl sje sl sin e sl sie sl sl sle ol sle sie sle oo i sle sle sheste slesie e sle Sl ste sl sk e sl sl sl sl

ITERATION 2 :

Al= 2.09982 Bl= «05119 Cl= =~3.75384 Dl= 1.60804
COEFFICIENTS FROM CURVE FITTING

A2= «34449 B2= «00839 C2=" -,.61588 DZ2= « 26384
NUSSELT NUMBER = 6.09544

DIFFERENCE= «00022
COEFFICIENTS FROM 2, ITERATION

A3= 2.09987 B3= .05116 C3= -3 75408 D3= 1.60826
VALUES FOR TEMPERATURE DISTRIBUTION

ETA "VALUES : »

0.000 .100 .200 .300 « 400 .500 «600 700 .800
THETA VALUES

2 099 2.069 1.972 1.820 1. 622 1 587 1.126 .847 «561

sk e ats 2 whe ste ste sle Al o 2 st sieale sl sk

abe
o~

sle slrate als she sls obs sle abs
SR SRS SE SRS SIR R

«900 1.000

.277 «005

als wts als ads o '4 e wlr ate wls ol
31 2jesie sl sie sje sl slesie sl s e s Sjeaie sie S TN e ST AT A0 K AT AL RO L NI AN AT A KL A2 RN AR 'u.'vrrr-'-mnn = 383K 303K

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

she sje i sk 3je st sle slesle sie e sl sl sl sl sjesie sie sje sle i sle 3ie sie A< 3 e Sl B0 3% B R BT N2 3k A A Nl R Ak e e wese e e sjesie ek s sl kol e sk
PRANDTL NUMBER= 005

REYNOLDS NUMBER= 50000.0

PECLET NUMBER = 250.0

Sl siesie st sl slesie slesle sl sl sl sl s sl sk st sk sl sl sl sl sk sl sle sk Sk 3l 3ie 3je 3k sk e sle e Sjesie ajesle sjesi e sl e sjesle sle sl sl oieole sk sl sk ke sl sk ke

S= 264620
N= . 39.910

e ats Ao ale als ale ade ale ale afe v abs ste als wbs sl ale ale ols ah Nle ale whe als whs ate ale wis ade als ale alp ot 0 s,
sl sl sl sie st sle e sl sle sl se sik slesle s 3 Siesie sle e sl TS S SIATIR B BTN T ALHL N AT AL I K A RN RN (LA AN

ITERATION 1 | |
Al= 2.03158 Bl= « 05666 Cl= ~-3,62394 Dl= 1.53784

COEFFICIENTS FROM CURVE FITTING = - :
A2= $ 296717 B2= .00723 C2= —.52961 D2= = ,22645



NUSSELT NUMBER =

"COEFFICIENTS FROM

ITERATION 2 ‘
Al=  2.12142 Bl=
COEFFICIENTS FROM
A2= .28226 B2=
NUSSELT NUMBER =

 DIFFERENCE=

Telbti6
1. ITERATION

A3= 2.,12035 B3= .05165 C3= -3,78398 D3= 1,61797
m%%?%*‘#.r«?ﬁn*\érk****************** 1€ 33 sicsis sl slesle ool sie e ek e sl sleage sl e se slesie sk sk
ITERATION 2
Al= 2.12035 Bl= .05165 Cl= -3,78398 Dl=  1.61797
COEFFICIENTS FROM CURVE FITTING
A2 = «30936 B2= .00735 (2= -.55189 D2= «23602
NUSSELT NUMBER=  6.85437 '
DIFFERENCE= «29039 :
COEFFICIENTS FROM. 2. ITERATION .
A3- 2 12068 33- .05042 c3— —3.78286 03- 1 1780
ITERATION 3
Al=  2.12068 Bl= 05042 Cl= -3,78286 Dl= 1.61780
COEFFICIENTS FROM CURVE FITTING - '
A2= 430939 B2= 00734 C2= ~ =,55190. D2= = ,23603
NUSSELT NUMBER=  6.85431
" DIFFERENCE= .00005
COEFFICIENTS FROM 3, ITERATION
A3= 2.12072 B3= . ,05034 C3= -3,78290 D3= 1.61788
VALUES FOR TEMPERATURE DISIRIBUTION ‘
ETA VALUES o . '
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000
THETA VALUES ,
2 120 2 089 1 992 1 839 1 639 1 402 1 138 .857 .568 .281 .006
CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE -
CONSTANT WALL TEMPERATURE _ _

PR-ANDTL NUMBER = .005 ]
-REYNOLDS NUMBER= 70000.0

PECLET NUMBER= 350.0

S= 35,040

N= 52.180

ITERATION 1 :

Al= 2.1215C Bl= «03176 Cl= -3.68677 Dl= 1.54150
COEFFICIENTS FROM CURVE FITTING

AZ2= «28227 B2= 00423 C2= -«49050 D2= 20506
NUSSELT NUMBER= 7.51556 -
COEFFICIENTS FROM 1., ITERATION ‘ .

A3= 2.12142 B3= +03182 C3= =-3.68645 D3= 1.54119
sl st et el st e s st e st ottt el sl s et s sl e el s sk e st sk st etk sl sl stk sk

.03182 Cl= -3.68645 Dl1= 1454119

CURVE FITTING
«00423 C2=

-+49049 D2= «20505

0.00000




‘COEFFICIENTS FROM 2. ITERATION
CA3= 212141 B3= 03183 C3= -3,68638 D3= 1.54112
VALUES FOR TEMPERATURE DISTRIBUTIDN
ETA VALUES . - B
0.000 .100 .200 .300 «400 .500 +600 « 700 .800 .900 1.000
THETA VALUES ‘

2.121 2. 089 1. 992 1 840 le642 14408 1.146 ,;865 .576 287 007

als wte wis \aJ il s als alsats .;sa e oty - o af ale e ol
AR AR R 2 n—\'u'n 3% 2SR e sk e sl B sl sl sl sjesionye sl sje sl sl e s sl siess 32 s ek s ok r::'v‘ < 3¢ ok Sl st siesle SRR B Mk

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

e siesfe sl sfe e et st sl sl siesieslesle sl s sk sl s o e s sk afe e s sl e e e i st sl sk stk sk sl e e sl s s sk el sl sl e ko)
PRANDTL NUMBER = <005 '

REYNOLDS NUMBER= 100000.0

PECLET NUMBER= 500.0

5ok s sleste e sje skl ok s 03330 3ok S ks e s st 3 sl e kst s Sl e e e oge s sl s st el skt sl ok s e sksle skl sl Sl e il e i
S= 46,970

N= 69.270

e 34 34 3 s 365t S s e i sl e el S sfe ol sl e e sl e sfe sk sk sk o oo sle sk sk sik St s ok 3k e et e s s ol s e sl e sl skslesie ok

ITERATION 1 ' :

Al= 2.12141 Bl= .03183 Cl= -3.68638 Dl= l.54112
COEFFICIENTS FROM CURVE FITTING ‘ :
A2= « 24763 B2= 00578 C2= -+43950 D2= .18785
NUSSELT NUMBER= 8.61848

COEFFICIENTS FROM 1. ITERATION

A3= 2413425 83— «04983 C3=" -3.78784 DB- - 1.61906

L ol of skesiesk sl st 3 sk i sie sl sl ale e e sie siosle oale sl ale e sl e sle i sio shoske slesle ok
SRR EAR AR

wte Jo wis oo als
e 3t s Sie i sl i Al s sl sk s siesie s esiesk 383 <SRN N < SRR ek < SIS 3 SR S Sl e e BNk SRk et e 3R 'r>-'r'n~=.~

ITERATION 2 y
Al=  .2.13425 Bl= .04983 Cl= =-3.78784 Dl= 1.61906
COEFFICIENTS FROM CURVE FITTING - ;
A2 = .24900 B2= 00566 C2=  -.44197 D2= .18910
NUSSELT MUMBER=  8.57427 :
DIFFERENCE= 04420
COEFFICIENTS FROM 2. ITERATION ,
A3=  2.13502 B3= :04856 C3= -5,78963 D3= 1. 62147
ITERATION 3 ‘
Al= -~ 2.13502 Bl= \04856 Cl= =-3.78963 Dl=  1.62147
COEFFICIENTS FROM CURVE FITTING |
A2= .24903 B2= .00564 C2=  —.44204 D2= .18916
NUSSELT NUMBER=  8.57387 ,
DIFFERENCE= .00039
COEFFICIENTS FROM 3. ITERATION -
A3=  2.13515 B3= - .04839 C3= =3.79001 D3=  1.62190
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES | ' '
0.000 .100 200 .300 400 .500 .600 .700 .800 .900 1.000
THETA VALUES
2,135 2.103 2. 006 1. 852 1,651 1.414 1. 150 .868 .5

ek < st slesle sl 2 st
shesleshe slosle siesle sl se sl ste e e sjesieaie sl Sl S sl sje s 38 38 e e e N SN R K NS SN sk

:n_\!

8 .291 015

o sl slesle M2 sle sle als b als
"~ o ,, 3R Rk pAS A X AP

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT NALL TEMPERATURE o

s Sesio sl sleslents o 0
s P AP RIAP AP AP I ESAPAP I AP AP AP R AL LS X c P 44 < < 2 SNR SINE STy
Sk .P., 3 2 3438 22 oS ',\'| b Siesie sk S ek 3R 1N T TS SN AN TS AR SN PN SR AN SR SR AR S R R SR 2SOR SR SR SRR SR BT SRR SRR 38 5

PR ANDTL NUMBER- , .005
REYNOLDS NUMBER= . .360000.0



PECLET NUMBER = 1500.0
's= 116 400
N=  165.120
ITERATION 1 :
Al=  2.14039 Bl= © J03693 Cl= -3,67179 Dl=  1.51367
COEFFICIENTS FROM CURVE FITTING
A2= 14343 B2= .00258 C2=  -,24857 D2= .10384
NUSSELT NUMBER= 14.,97215 -
COEFFICIENTS FROM 1. ITERATION

2. 14758 _+03866 -3, 72172 1 55478

ITERATION 2

Al= 2.14758 Bl= .03866 Cl= -3.72172 Dl= 1.55478
COEFFICIENTS FROM CURVE FITTING . ' :
A2= 14364 B2= 00252 C2= -.24924 D2= .10435
NUSSELT NUMBER= 14.96024 '
DIFFERENCE= .01191
COEFFICIENTS FROM ~ 2., ITERATION

2.14903 .03780 -3. 72871 56122
e sfesle e st et sl 3k i besi ki 3 steste st sk ol 3k 3 e 3 s ke sk s sk sl sk st ks st et skt sl s e sl stk ok ssokok %ok
ITERATION 3 -
Al= 2.14903 Bl= .03780 Cl= =-3.72871 Dl= 1.56122
COEFFICIENTS FROM CURVE FITTING - :
A2= 14368 B2= .00251 C2=  ~-.24935 D2= .10444
NUSSELT NUMBER= 14.95825
DIFFERENCE= ' .00198 .
COEFFICIENTS FROM 3, ITERATION -

2.14930 03759 -3, 72985  1.56233
st 3 e sfeste e st s sfele s st seafe sk e s sfe el s e sl eslesie siesiesteste sk siesfeste stoste teste el etk soloslok ok ol deokokok
ITERATION 4 . .
Al= 2.1493C Bl= 03759 Cl= =-3.72985 Dl1= 1.56233
COEFFICIENTS FROM CURVE FITTING
A2= .1436S B2= 00251 C2= -.24936 D2=

NUSSELT NUMBER= 14.95790
DIFFERENCE= .00035
COEFFICIENTS FROM 4. ITERATION 1
1.56252

2.14935 .03754 -3.73C04
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES

0.000 .100 .200 300 .400 4500 .600 .700

THETA VALUES

20149 24117 2,020 1.867 1667 14430 1.166 ;883'

<005 300000.0 1500.0
14.95790 -5,29831 12.61153 7.31322
VALUES FOR WEMPERATURE DISTRIBUTION :
ETA VALUES .

" 0.000  .100 +200 300 400 .500 .600 4700
THETA VALUES :
2.149 2,117 2.020 1 867 1. 667 1 430 l.166 ‘.883

I e sheste sl o)

J
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CALCULATION OF NUSSELT- NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

e

‘ wle ats oty Jod‘\"\"
sie siesie sie sie sie sfe ste e sfe sie sfesie sl N ke ok Sisle sie sl 3 3% 23 e S AT AT RIAE S R RN sk Ne Resleeak

PRANDTL NUMBER = .005 B
REYNOLDS NUMBER= - 500000.0

J e
HEHCRBE A A SRIE R SR

«10446

.800 .900 1.000

.592 .300 .019

.800 .900 1.000

.592 300 0.000

ste ste sl sl sl she ste e
3831 sl g sie sk sl ol



PECLET NUMBER= 2500.0

2 Me o Sk S22 she Mo ate als alo ste ate ol 2 wbe she slo st ats o sls she oo ot e ale wbe she . o,
¢ 3 34 3 e e s e et sk s e ek S sl S s sk s s et s s e 3 s e sk sk s st sl 3 e i sl e sk sk s e sk sl i sl skl
5— "177.830
N= 247.000
wlr ale ats of b, w! e ot ‘\‘ \.4 \—J‘\‘\ e ‘v# 1, als als als als ale wis wls s Wte als e als wls als als abs abe wbs als als als o Jr alsats ats ate ols ot
3EHC 3T IR AR AT AT H AR SR R e 3 N ek Reolesie sesiesic seosiesie sie shesle sk sl sle sle sie slesle e slesde slesie ste sie sicosiesie sie sie sl sjeaie siesie ssjesie sesiesiesk

ITERATION 1 .
Al=  2.13515 Bl= .04839 Cl= =3,79001 Dl=  1.62190
COEFFICIENTS FROM CURVE FITTING
A2= 10137 B2=  -.00003 C2= =-.16858 D2= 06855
NUSSELT NUMBER= 21.13531 o
COEFFICIENTS FROM 1. ITERATION

2,14264 = -.00073 -3.56306 1.44898

wle ale wle wls s i ol \‘ ‘t J J als r ats als abs aly wf L als o s atr wle wis als ale wie als wls b abs obs Ve wls o oty e
R SRR AR AR N AN e 2es A0 ARk g e e sk seslesic sie sk s sl sl sfosieosk sl sl sl el sl ek

ITERATION 2 : :
Al= 2.14264 Bl= -+00073 Cl=" =3.56306 Di1= 1.44898
COEFFICIENTS FROM CURVE FITTING SRR :
A2= +10236 B2= -.00006 C2= -.16855 D2= 06757
NUSSELT NUMBER= 20.85919
DIFFERENCE= 27612
COEFFICIENTS FROM 2, ITERATION '
'2 13535 —.00128 —3.51583 1.40951

e s wls ale ats ats als afsals ale wle als ots
IR AT AR AE AR SRR SR AR SRR AR AR AR 5k

3¢

e ats stosloste o 312 300 SN she sto e 3t st Sl st sl se sl slesi sk st st sl sle sl sl ke sk sl S ot

ITERATION 3 o
Al=  2.13535 Bl= =-,00128 Cl= =-3,51583 Dl=  1.40951
COEFFICIENTS FROM CURVE FITTING : g
A2= .10222 B2=  =-,00002 C2= -.16808 D2= 06721
NUSSELT NUMBER= 20.87522 ' :
DIFFERENCE= .01602 | -
COEFFICIENTS FROM 3. ITERATION

2 13390' -.00045 -3.50889  1.40313 |
ITERATION 4 | : . ‘ |
Al=  2.1339¢ Bl= -.00045 Cl= ~3.50889 Dl=  1.40313
COEFFICIENTS FROM CURVE FITTING | ‘
A2= .10219 B2=  -.00001 C2= -.16801 D2= .06715
NUSSELT NUMBER= 20.87789
DIFFERENCE=  .00267
COEFFICIENTS FROM 4. ITERATION

2.13363 ;.00026 =3.50769  1.40201

ITERATION 5

Al=  2.13363 Bl= -.00026 Cl= =3.50769 Dl= 1.40201
VALUES FOR TEMPER ATURE DISTRIBUTION

ETA VALUES o

0.000 .100 .200 .300 .400 .500 +600 .700 +800  +900 1.000
THETA VALUES - ‘

2.133 2.099 2.004 1.855 1.662 1.431 1,173 .895 606 .314 0.000

- CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

e whe als abe alr wis wls o ds oty e w)p \ als wts ats 2l ols s ale alswls sie als ads ats ads o,
e 3 s s siesie sesie e sleoslie sl sleslk s ssiesi Sesie Sie SlE 3 B SRR IR AR AR 512 3 HEACAE AT AR AN NN N N RN e ek Nesk PRATARRIIIIRIRIRI R

. PRANDTL NUMBER = .001
REYNOLDS NUMBER= 3000.0
PECLET NUMBER= 5.0

. . ol o Al als ale ale ale ste s ole sle wle sie sbe ot o
te ste stz ste Sie st B¢ Bl ale e Sle sl S AR RIS RI BT RTNIR



ITERATION 1

Al= 1.8697C Bl=
COEFFICIENTS FROM
A2= 42864 B2=
NUSSELT NUMBER=
COEFFICIENTS FROM
A3= 1 91592 B3=

- y who oS, iy ale ale aly alsabe abs ahe o
"~'|~'u~': 3R

ITERATION 2

Al=  1.91592 Bl=
COEFFICIENTS FROM
A2= «43242 B2=
NUSSELT NUMBER =
DIFFERENCE=
COEFFICIENTS FROM
A3= 1.92422 B3=

sk ok ‘e als ol abe ale ols ok,

ITERATION 3
Al= 1.92422 Bl=

COEFFICIENTS FROM
«43307 B2= -

A2=
NUSSELT NUMBER =
'DIFFERENCE=

COEFFICIENTS FROM
A3=  1.92565 B3=

e s ot e
'l‘lbl‘l""‘d‘l‘l"l'l'

ITERATION. 4

Al= 1.92565 Bl=
COEFFICIENTS FROM
A2= 43319 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3= 1.92590 B3=

3K BR B NE 3iE Seg S sgse s sk sl ek sk sieiesk s

s wls i als wle als als als ate abe als als als wls als als of,
bR R R R R R S R A R GRS SR SR e s

ats ats ate W als
S SRR3R

\'; e als als als ofs 1 wle ale als wls o ' wls s als ats sl wle wbe als ol ols wis wie
10 38 83T 3 el S ie e ST 38R ST NT NN N AN R AR AW AR

.19504 Cl=
CURVE FITTING
.03602 C2=
4,46973
1. ITERATION
-16100 C3=

e ale whe ala o

-—3.58856 Dl1= 1.51834

-.85130 D2= .38604

1;72550

ale uts als wts als als als x— als aloals als abs oo als wls wis
SRR3R AR IR IR AR IRNR ST AR 3R 3357 5%

-3.80510 D3=

< sho e siesle Fasle sk
2SR

JJJJb s aty ats sle ahe of
3R AT ROR N e

SR

.16100 Cl= -3.80510 Dl=
CURVE FITTING

«03432 C2=
4.44982

1.72550

-.86244 D2= .39518

.01991

2e I1TERATION .-

«15273 C3=

2 sie sl sl sl sle ik sl ok 3]
SOESE SRR E 558

~3.83770 D3= '1.75851

abe wis wte : el e als alo alrals afs alo ats aie als Ao
SRR SE N NS AR S ST NG AL AR N2 BRI NER NIR A BTARIN

«15273 Cl= =-3.83770 Dl=

CURVE FITTING
.03400 C2=
bobtb43

1.75851

-.86431 D2= .39674

«00339

3. ITERATION

«15122 C3=

ale afe s sl als als Al alo.ats sbe s ale
e le e sfesie e sksiasie Sl sl ol

—3 84311 D3— l 76408

\'4 s wo aly ods J Jo aloals oy wle wls als ols ol
< S 3 S8 312 38 Be REE NN ISR AT B kM Ne ey ok <3 5 < > 2R3

.15122 Cl= 1.76408
CURVE FITTING
.03395 C2=

4.44585

~3.84311 D1=

~«86463 D2= «39700

.00057

ITERATION
«15095 C3=

44

~3.84403 D3= 1.76503

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES
‘0.000 100
THETA VALUES

1.925 1.904 1.816 1. 672 l. 484 l 260 l 013

Se oSty slo te ste oo
SR AR AR

.200

POSY
'a"l‘rh'c': rrr:ﬁ't‘«"u'hr‘n't‘

.300° .400 .500 .600 .700 .800 .900 1.000

.753

Ja# J,J P >) L o abs abs ol ols Wds by o
<R 3R < RIR SRR AR AR

SRR LS

whe ats ~ e Aty o,

ARk SR N Nk

‘CALCULATIDN OF NUSSELT NUMBER -
FULLY DEVELOPED TWBULENT FLON IN PIPE

CONSTANT WALL TEMPERATURE

bbbd—d-ds‘o J—;l b

RO S R < SRR

PRANDTL NUMBER=
REYNOLDS NUMBER =
PECLET NUMBER =

Sle le sl he ale sle sle ale e sbe
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6430
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als by ale abs als Wls als als ol als als o !,
023 oI 3ie slesle ik oo et slesk

001
8C00.0
8.0

ss st ate ol
Seenes



N= °  9.000

. ale gbo wls als ale e afs tr abe nts ule o s ale ols als
SR iR sk e s e sk e e maie

ITERATION 1
Al= 2.06344 Bl=
COEFFICIENTS FROM
A2= 42406 B2=
NUSSELT NUMBER =
COEFFICIENTS FROM
A3= 2.046173% B3=

Jo alz she slo slo o I sle aly
ISR SR SR N N N N e T sk ek

ITERATION -2
Al= 2.04673 Bl=
COEFFICIENTS FROM

AZ= «42089 B2=

NUSSELT NUMBER=
DIFFERENCE=

COEFFICIENTS FROM
A3=_ 2.04648 B3=

o e wle o L, Wi l L, als s ot by
SIE AR NE 33 N AR 348 38 3T e 3 e e e e e e e S Ng e e N e 3 < SIS 208 3T NS T e e e e Nesk

ITERATION 3
CAl= 2.04646 Bl=
"COEFFICIENTS FROM

A2= «42088 B2=.

NUSSELT NUMBER=
DIFFERENCE=

A3= 2.04644 B3=

' 1o wbe wte
Bt R F S i

' 4.86218
03571

«10572 Cl= =3.95344 Dl=
CURVE FITTING
+02265 C2=
4.82647
e ITERATION o
210934 C3= -3.,92457 D3=

e o s sl s sho st 3l e 32 sl sk ol e die sleale o e
LR L AR h’h’r’r’r«‘rrrr"

1.78410

~+81313 D2= 036628

1.76784
s J4 ate wle ale wlo ale Wi wleaks ste she uls wis als ale afe
SRS ARIRARIA SR RTIR S AIR IR R

«10934 Cl= =3,92457 Dl=
CURVE FITTING
02257 C2=

1.76784

-.80707 D2= = .36345

2.. ITERATION ' _
.10977 C3- -3 92413 D

\ J LJo

.10977 Cl= .-3,92413 D1=
CURVE FITTING

02258 (2=
4,86227 '

1.76720

~.80702 D2= .36342

.00008 .
COEFFICIENTS FROM-

3. ITERATION

.10982 C3= =~3.,92399 D3= 1.76706

VALUES FOR TEMPER ATURE DISIRIBUTION.

ETA VALUES

0.000 ~.100 .200 .300 +400 .500 .600 700 800

THETA VALUES

2.046 2.019 1. 925 1. 773 1.575 l »341 l 081 «806 .527

J»\b als ats . l, whe ats l-\.
b wrﬂ'r'-'p'.'rrm- EARARY

Sl ,~.w- e wla o8 sls wis

st ste o 3 2 ois sie 2 o
sl sl sl slsle 3je siesiooie stk sjesie s sfe ok st sje sl 3 e 3 ke sl s ale 22 38 2E R N sl e e sk SR SR NE R el

CALCULATION OF NUSSELT NUMBER -
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

alz ale sly of

e ale o, et als ale ale aly sl als wle sle ale afs ale of e e wle Sty ale o

als als als s ads ale wle ale wle ale als als 2l e ate w Ao aby als als wle als o1, abs als Wloale als als ls ols wls wbs
se sl sik sl slesi SRl sl il sie Sheoi Sk S sienie SRR R B SR R AR IR SRR AR IR IRH AR 32 g Sle e it B e ol ot 2ig st e se ale o sje 3k e sie se sk e e sie sle e i sk

PRANDTL NUMBER =
REYNOLDS ‘NUMBER =
PECLET NUMBER=

e ale ale aly ots

als als ale ale sty absals ate sl alonts sis als als sle ale ole o
st st st sl shesle siosie sie sle 2t ol Siesl el sesie S ST AT AT

S= 1.560
N=. 10.930

o ate ate abs al
10 ate ofs she slo als slz ale sle sle sle ale sle 2o ate wle sle shosic 3o 2z S 3

o ol ale
PP AP LA AIP AP AP AP AR ARARARAR AR ARARAL

ITERATION 1

Al= 2.06218 Bl~=
COEFFICIENTS FROM
A2= 41995 B2=
NUSSELT NUMBER=
COEFFICIENTS FROM

A o -~ M N DD o -

001
10000.0°
10.0

., Lo ale ade Al ats ol ale als als als als sle als als als als als absabs 0ls Wlo Wlo als als aty Ale 0o wbo abs als W1, als als alonle le ale als Wb, obs al,
e 3 st sl ol 3l st ¢ she s ot 3je e sk 3k Slesle sie e lk sje sl sl s sle sle sie sjesle sl s sfesie e sk sleslesiesic
.

.10688 Cl= =-3.94844 Dl=
CURVE FITTING :

.02155 (C2=
4,91303

2. ITERATION
CINEQY A= _—R QRI24LC N I Y £ o B Bo 1

1.77914

-.80453 D2=  .36298

900 1,000

«255 0.000




sheske Slesloskes) sl sl abe ale als ale ate ats 3te aly als wls shs ats abs ale ato als ale als ale sty she ats ate sle’ slogle ate sto afs ale sle obs
SR SR NCHIAR BT Nk Y2 300 3 SIS SIS S SIE 3I¢ 1 s Bl sle e sle Sieaje ai sl sle s siesle sl sl siesle sl sl e slesiese

ITERATION -2
Al= ~ 2.06325 Bl=
COEFFICIENTS FROM
A2= .42003 B2=
NUSSELT NUMBER=  4.91253

DIFFERENCE= 00049

COEFFICIENTS FROM 2., ITERATION

A3=  2.06344 B3= -10572 C3=_ -3.95344 D3=
VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES
0.000 .100
THETA VALUES

2,063 2.036 1.940 1.787 1,587 1. 350 1. 089

.10590 Cl= -3,95269 Dl=  1.78335

CURVE FITTING

.02152 C2=  -.,80476 D2= - .36317

1.78410

©+200  .300. 400 .500 .600 .700 .800 .900 1.000

«812 .531 .256 0.000

JJL% UJ

- A3=

SRR "‘"’_‘" RN ek e e N SNz e s desic sl e s sl siesle se sfe s el sl sk 1638 3% i Bl sie e e e sie s i e e sjene Heoe sle e s siase
CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATWRE o
s Sieje s sfe e et e s sfesie e e e e sl slesfesle s oot s el i el sk il e st siesk sttt el sk st sl s skl s ek
PRANDTL NUMBER= .001
REYNOLDS NUMBER = 30000.0
PECLET NUMBER = 30.0
st S sl e s e s st sl festest e el e s seadese s sl s e et s s sl e el sk sfesteslests ke kol e st skl skl sk ok
S= 17.600
N= 26,510
sie s sgesteseole et seslestese steale s sfesieate ool el e e sk stk e iR sl ol e sk ksl skl e ke st it sk s ool e sk o o ke )

ITERATION 1

Al= 2.06344 Bl=
COEFFICIENTS FROM
A2= «39449 B2=
NUSSELT NUMBER =
COEFFICIENTS FROM
2 13011 83—

ITERATION 2
CAl= 2.13011 Bl= ©+10473 Cl= =4.07567 D1= 1.84149
COEFFICIENTS FROM CURVE FITTING

A2= 40707 B2= - 01993 C2= -. 77875 D2= «35187

NUSSELT NUMBER= 5.23294

DIFFERENCE= «16658 !
COEFFICIENTS FROM 2. ITERATION

A3= 2 13020 B3= .10433 C3= -4,07519 D3= 1.84133

Sk s s 3 e 312 3¢ i sl 3l e st sie sl slesle sk sl 3i e i e e sie sle e aje e Sie e sz 3 3je 3 8 STl HENE AL N TR NTA AT Ne e RO NN R ek

ITERATION 3

Al= 2.1302¢ Bl=
COEFFICIENTS FROM
A2= 40707 B2=
NUSSELT NUMBER=
DIFFERENCE= 0.00
" COEFFICIENTS FROM
2.13021 B3=

.10572 Cl=
CURVE FITTING
.01939 (2=

5439952 |
ITERATION

l.
.10473 C3—

 .10433 Cl=
CURVE FITTING
.01993 C2=

5.23293

000 .
3, ITERATION

»10431 C3=

-3.95344 Dl=

-. 75482 D2=

—4.07567 D3—

-4.,07519 Dl=

-.77875 D2=

~4.07518 D3=

VALUES FOR® TEMPERATURE DISTRIBUTIDN

1.78410

+34104

l 84149‘

1.84133

35187

1.84134



"ETA VALUES

0.000 .100 .200 4300 400 .500 .600 .700 .800 .900 1.000
THETA VALUES : ‘

2,130 2. 101 2 002 l.844 l 637 1.393 1.123 ° .837 '.548 +265 0.000

ale ol ofe

3R 3R R Rt s 3 Sl sy e Sieie sl sjeslesie stesie sie sjesie sl slesleie sl slesie sl sl sk Sl 348 3 SIS sy e SR e s SR e Bk rrao'r"%*‘”:‘-": SRR Sk
’CALCULATIUN OF NUSSELT NUMBER

FULLY. DEVELOPED TURBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATURE

PRANDTL NUMBER = .001
REYNOLDS NUMBER=  50000.0
PECLET NUMBER= 50.0
Ao s s st sfeste e e siesle et Sl sk st e s ol s ek sk e e el e sl ol sk s e SRR ok R R R ok R
S= 26,620
N= 39.910
ITERATION 1 ‘ :
Al=  2.06344 Bl= ° .10572 Cl= =-3.95344 Dl=  1.78410
COEFFICIENTS FROM CURVE FITTING ,
A2= «37947% B2= 01878 C2=  -.72569 D2= .32757
NUSSELT NUMBER=  5.67157 '
COEFFICIENTS FROM 1. ITERATION : '
A3— 2. 15220 83- .10652 c3—' ~4.11584 D3= 1. 85789
ITERATION 2
Al=  2.15220 Bl= .10652 Cl= -4.,11584 Dl=  1.85789
COEFFICIENTS FROM CURVE FITTING - : :
A2= «39573 B2= .01953 C2=  -.75658 D2= «34146
NUSSELT NUMBER= = 5.43831
DIFFERENCE= «23325
COEFFICIENTS FROM 2. ITERATION ' _ .
A3= 2. 15212 53— .10624 c3—4 411457 D3= 1.85698 -
ITERATION 3 ; , .
Al=  2.15212 Bl= .10624 Cl= =-4.11457 Dl= = 1.85698
COEFFICIENTS FROM CURVE FITTING :
A2= «39572 B2= .01953 C2=  -.75655 D2= - .34143
NUSSELT NUMBER=  5.43839 :
DIFFERENCE= .00008
“ COEFFICIENTS FROM 3. ITERATION .
A3= = 2.15210 B3= .10624 C3= -4,11443 D3=  1.85687
VALUES FOR TEMPERATURE DISTRIBUTIDN ,
ETA VALUES

0.000 .100 .200 .300 .400, <500 .,600 .700 800 ;900 1.000

THETA VALUES .
24152 2,123 2,023 1.863 1. 655 1. 408 1.135 +.847 .554 268 0.000

pOs P o2 < st she ale oir afe 3ho sla als o
Sl sl sk Sl sk B33 3 3 38 R sk sk i R K 333 30 Sie sl e e e e sk rr'r'uﬁ'rr'v*-rr'rrn'r“rﬁ S oesi SRS e R ek

CALCULATION OF NUSSELT NUMBER ~
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT 'WALL TEMPERATURE

b, als ol abs uis o, JOBUROROTY
SR SRR MR I NI

P'x‘n'r'-'ll b3 u-'r'ur < 3je s B3R




DTL NUMBER=
OLDS NUMBER =
ET NUMBER =

«001

70000.0 .

70.0

v Wds al, ls wiy b, o, . e e abs wl, wts wls by WV 2 ats e i o e
PR P SRR R AR L 2R R RS AR R R 3R AR N S sl e sl sk 5 i Siese e s sk SRR R R
35,040
52.180
darads Wby 't\‘ Vo ale o al'nd als als Wl wls als als k. e abs abe whe als ale wlo als by oo o, e adp b o, Alr e e ode wls als ale ols s wle ale als whe wls als o,
AR R R AT A AT AL 23K R 3052 22 e e feie e siesie sk siesiesik stesie sesle sje s slesiesle ¥ sk sie sjesie s slesie s sk sesiesiksk

ATION 1~ '
215210 Bl=
FICIENTS FROM
«38369 B2=
ELT NUMBER =
FICIENTS FROM
216227 B3=

s e sle who le e ale os o sk ,
< 350 NS 3E B SR ek

ATION = 2
2.16227 Bl=
FICIENTS FROM
38572 B2=
ELT MNUMBER=
ERENCE= .03
FICIENTS FROM
" 2416169 B3=

ATION 3
201616% Bl=
FICIENTS FROM
" 38568 B2=
ELT NUMBER=
ERENCE= .00
FICIENTS FROM
2.16157% B3=

.10624 Cl=

-CURVE FITTING

«01834 C2=
563536 .
le ITERATION
«10336 C3—

ale
<32 3 e ik

«10236 Cl=
CURVE FITTING

.01847 C2=

560422
114

2. ITERATION

+10352 C3=

PO PORUISORO

. «10352 Cl=
CURVE FITTING

.01848 (2=

5.60455
033 ’
3. ITERATION

210361 (3=

1 ale o
SN NsKksk

b

< 308 323 B R SRR R NN Rk 3

-4,11443 Dl=

-+ 73003 D2=

-4, 11399 D3=

J-ﬁdb
3 2 A

-4,11399 Dl=

~.73349 D2=

~4.11066 D3=

JJ '4 s Who who o s wlo \-
SENe SR Rk e

—-4,11066 Dl=

-.733%6 D2=

-4.,11016 D3=

ES FOR TEMPERATURE DISIRIBUTION

VALUES
00 .100
A VALUES |
61 2

SEE SRR

« 200

sk r'r'-'s-

«300 .400

BN

< SRS S B R SR 3RS

.500

132 2.032 1. 872 1.663 1 416 1.142

«600

SRREIE R R NN AN L2 3

. 1.84950

ly Wl
3R 3R R A A ALK

« 700

«853

Sz sle sle sty
LR AR

ULATION OF NUSSELT NUMBER
Y DEVELOPED TURBULENT FLOW IN PIPE

TANT WALL TEMPERATURE

1.85687

. 32819

- e o 2k sl sl sk
32 28 e sl He e e 3esie e Nk e kK

1.84950

032949 ~

1.84658

e o ol oo

als abs 3le ads e als sle ate sty sle slonte sle e ole ste ol
SRR SR S SRS SR SR SRR SRR SRR SRS 3333 38

1.84658

32939

1.84611. -

.800 .900 1.000

«559 .271

Wo als als ats wls als aloals ols Wi ole ols als ols
R e N R R R A GRORR R S

st sie sic e ie e st ks 3t st slesfe sl 3 e e st s stsle S e e e sk st Sk iesie s e siestesge siesiestesic sl s e sie e e e slesi sl sl sk e ek K

IDTL NUMBER= .001

IOLDS NUMBER= 1000600.0

ET NUMBER = 100.0

*=»«q*r:$p e sk sl e 2 3 ste 3 ste e sl sieaie ik 33k 3¢ s st ste sl e e e s syesle slesie sjenie stesk sl sje sieslesie e siosie sjesk e sk ki)
46,970 }
69.270

23 Sl shesle sl sl sk sl sie :}:::::.':****zk**:;‘:’n:::‘*:kﬁ 23R 30 NE SR 3E 3R e s A sie e se e Nesi e s siesie slesle siaselesfesieskc

\AT ION 1f
2.16157 Bl=

.10361 Cl=

-4,11016 D1=

1.84611

.001



COEFFICIENTS FROM
A2= «36975 B2=
NUSSELT NUMBER =

COEFFICIENTS FROM
A3= 2e 17247 B3=

sle i abe wls s
SESRIR NI NN

ITERATION 2

Al= ~ 2,17247 Bl=
COEFFICIENTS FROM
A2= 37171 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3=  2.17239 B3=

b)l‘dg Sheste s Aty she

we ale als ot s whe whe abs wtr alr als oty abs Aty als als W3, obs
SR RN SR g S Rl s s s e sl sl s sesfe sl sjesie sk slesle e sle sl e sie sjesie sk slesle slesie e

ITERATION 3

Al=  2.,17239 Bl=
COEFFICIENTS FROM
A2= = .3717C B2=
NUSSELT NUMBER=
DIFFERENCE=
COEFFICIENTS FROM
A3= 2.17238 B3=

S t")“l"r’l"l"r'hﬁ"ﬁ'P’u*'\"t"l"l R R A SR R NN S AR AR B SRk

CURVE FITTING
.01858 C2=

5.87549

l. ITERATION
.10920 C3=

-.70569 D2=  .31790

=4 14633'03—

3 snk sl sk
R AR

1.86781

M el < ses
-*» -~

SRR .-r'r'r«w\ b3

« 10920 C1=

CURVE FITTING
«01866 C2=
5.84431

~-4,14633 Dl= 1.86781

~-.70932 D2= .31949

«03117

2. ITERATION
« 10906 C3=

Ie afe ale sle obs als o,

1.86723

323l sl sie sl ale shosie ol skesle ot sl skt sk sk
FAE R R R F R RS R R R R R

-4,14550 03- )

«10906 Cl=
CURVE FITTING

01866 C2=
5.84439

=4,14550 Dl1= 1.86723

-« 70929 D2= «31947

.00C07

3. ITERATION -

«10906 C3= -4,14540 D3= 1.86714

VALUES FOR TEMPERATURE DISTRIBUTION

ETA VALUES

0.000  .100 .200  .300 .400 .500 .600 «700 800

THETA VALUES

.900 1.000

24172 24,143 4.043 l 882 1.672 1. 423 1.148°  .857 562 273 .003

Sl ke sl Bl sl ik e i sl st i

< SRR .-vu\“'ru'nﬂ-rr-nn'."—: rrr

sl el s kel sk sk sk steste als sl 3o she she

R BT HE L NG KL NN LA B WA A A

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE

CDNSTANT WALL TEMPERATURE

sl ate gl aie 3o o
SRR ERRNR

PRANDTL NUMBER—
REYNOLDS NUMBER =
PECLET NUMBER =

- S= 116 .400
N= 165.120'

Sl Siesie sl 30 SR e Sje N B AT AT A

ITERATION 1

Al=  2.17238 Bl=
COEFFICIENTS FROM
A2= .30084 B2=
NUSSELT NUMBER =
COEFFICIENTS FROM
A3=  2.19021 B3=

' als Wi ol oJ»s' \ e sz rJ
,, 3ksie ,' ¢,~-.\- SEHS SRS ,, 53R

ITERATION 2

Al= - 2.19021 Bl=.

COEFFICIENTS FROM
A2= 430406 B2=
NUSSELT NUMBER =
DIFFERENCE=

COEFFICIENTS FROM
A3= 2e 18756 83—

alsats
‘. .. ,\. E3

ITERATION. 3,

i le
s el e s

ds ale slo ale ats obs
RAR AP AR b

e O
sle sl sje e sle slesle sl slesiesk sl sk S 3l st 5 siesiesie oy < sk 1SR e Sesle sie e sl sl e

ot ~ s wbe als wts b als als iz als als als als b wts o wte als als ol
pr X skigslo sk SR RIRR SR SRR SR SRR I RIS RTST LR 3
.001

300000.0
300.0

'y oo 2 ate e 3o st ate e
SR BEHEAT T AT RN K A

10906 Cl=
CURVE FITTING -
LU1330 C2=
7428018
1. ITERATION :
..09684 C3= —4 10033 D3= 1 82002

o e o < 3l sl sl slesie sk - she ate sesle sesle sieslestesio sk sies
s i s ne e ek Sl B Sl Re NN AN r': <3 Sl e sl sie g e s e e e e L PR HPIP SR

~4.14540 Dl= .= 1.8671l4

-.56321 D2= .24999

. 09684 Cl=
CURVE FITTING
Te19447

-4.,10033 Dl= 1.82002

-.56774 D2=  .25109

.08571

2. ITERATION

69/28 C3— -4 08465 D3= l 80646

, b Ve ub ale alsals afe ale ats o1 ol PORN als als sloale als als als als of, o1a
IR < < SR NSNS SR R A s sk ek




Al= 2,18756 Bl=" .09728 Cl= ~-4,08465 Dl= 1.80646
"COEFFICIENTS FROM CURVE FITTING a
A2= +30390C BZ2= 01357 C2= -.56727 D2= . «25072
NUSSELT NUMBER= ~ 7.19643 ' '
DIFFERENCE= 00195

COEFFICIENTS FROM 3, ITERATION

A3 = 2.18705 BB— .09766 C3= -4.0823 D3* 1.80429

wls e wls nls abs ols J’. \ ' Wl ol — ~ty el Lo al, . Ao ot L.
P S R R A A - e ale ale e o \ s ats nls als als ats aloats als ots Wbs als als ais ols
I SR A AE A SO LR KR s ek B3R SR ek B e sesie e sl sl slei sl sl slesle sieste slasie Sl sl el sle sk sl st sieste i stestesi sl sl sk

ITERATION 4 o . o :
Al= 2.18705 Bl= «09766 Cl= =-4,08237 Dl= 1.80429
COEFFICIENTS FROM CURVE FITTING -~ - S
A2= 30388 B2= 01358 C2= -.56719 D2= «25065
NUSSELT NUMBER = 7.19676 - :
DIFFERENCE= =~ .00032 _
COEFFICIENTS FROM 4., ITERATION : .
A3= 2.18695 B3= «09775 C3= -4,08199 D3=. 1.80391
VALUES FOR TEMPERATURE DISTRIBUTION ’
ETA VALUES
0.000 .100 .200 .300 .400 .500 ,600 .700  .800 .900 1.000
THETA VALUES - :
2.186 2.157 2.057 1. 89? 1,688 14440 1,165 o873 .576 283 .006
.001 - 300000.0° 300.0 : ' :
19676 -6 90775 12. 61153 5e 70378

Lo wla r wls wis ‘a 1, wls e wls als 2 e \’ ‘/ als wls als als
& SENE 3 5E 38 302 s sie 32 3 sje e Hesie sl sl slesye 3je sk sk Se e sie e sislesie sl sk sl s e SeNT SR Nese s e ek <512 I8 3 BT e e R R AR

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

s wie ale whe wle Wby abe ats als ale wle wle ats Ao wls ale ale ol als als ot aleals Wby abs ale abs abs ats als als o als als abe abe wle T e e ole wie wbe
SR BTSSR A8 RIS e BT IR SRR S 38 ek e e sle 3je 3esle sl e sl e esie Nz sl A2 sk e sje Siede Sk sjesi sl 3 3l it e sk e slesk 3 3R 3% <A

- PRANDTL NUMBER = .001
REYNOLDS NUMBER= - 500000.0
PECLET NUMBER= 500.0

e wle ats wlo ats als oo als alsals aly als als by wlo als ale abo als abs i als ale als alr Wiz Al ats Wy by wbs als als abe ats ale als als als abe iy
T3 S0 3R R 23 Sl N NE ee S A fRe NENENT BT TN A RIN NG AR AT AL AN KR A8

S= 177.830
N= 247.000

ats wlsals ale Wi wis wie als als als als aloals oty wls Wi als als ois
3ROSR s s 3T sesie sl i Siesle ol e e sle e sk

v,
%

ate ats ale 1z Al ahe she ale ste ste whe ohs sty sl te st ste sty Shs ol sle als uls ule ale oo sloale e she sle ale oo sle
RSR R 1 31 S8 318 31 Sie Sl R S S SBT3 e R BB RO Sk | SR BRI B8 T NE 2 A N NN A ATK 3000 AR KT BTk e ne e NE e sl R AR e e e ek

»ITERATIDN 1 |

Al=  2.17238 Bl=  .10906 Cl= -4,14540 Dl=  1.86714

COEFFICIENTS FROM CURVE FITTING | | ‘

A2= . 25408 B2= .01208 C2=  =.47777 D2= = .21221

NUSSELT NUMBER=  8.67019

COEFFICIENTS FROM 1. ITERATION
220296 .10480 -4.14240  1.83993

ITERATION .2 -
Al= 2.,20296 Bl= «10480 Cl= -4.14240 Dl= 1.83993
COEFFICIENTS FROM CURVE FITTING
A2 = «25834 B2= - L,01240 C2=  -.48478 D2= e 21464
NUSSELT NUMBER= 8.51803
DIFFERENCE= «15216
COEFFICIENTS FROM 2. ITERATION
2e 20055 «10569 -4,12941 1.82837
s st e st st s s Sk 39 s e e 3l S35 3l s e S s s s st e Sk sk ok e o e el S sl Sl sl sle sl sk skt sk sl sk skl Sk

ITERATION 3 ' ‘ : :
Al= 2.20055 Bl= «10569 Cl= -4.12941 Dl1= 1.82837

'COEFFICIENTS FROM CURVE FITTING

A2= «25822 B2= «01l244 C2= 48443 D2= . 21437
NUSSELT NUMBER = 8.,52005 '

DIFFERENCE =0.00202



COEFFICIENTS FROM 3., ITERATION :

~ 2.20009 10605  -4,12744 1.82647
VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES

0.000 .100 .200' « 300 .400 .500".600 +700 . .800 .900 1.000
THETA VALUES

2 200 2 171 2 010 l 909 l 699 1 449 l 172 .878 «578 +283 0.000

~IJ

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE '

PRANDTL NUMBER= 0.000

REYNOLDS NUMBER = 2600.0
PECLET NUMBER = ‘ 0.0

e ale
R nd

als als als sle als ads st alr als als als als als als i ats als abs o, o abo ale als wle alo als als of 9o atr ale abs abs als als wls als als als als ale wis Wi als uls als als olr als als ate als yls by e als wls Wbo
SRR BE RTINS 3T HT R I NE T KL 3E BT AR ST L 2T 3 1 3838 3¢ e sk B NSk Sl s sl e e e e sje e sie s Sl sl sk sle ma st sle st sl sl sk skesie sl e

ITERATION 1 , ' S
Al= 1.80621 Bl= 02564 Cl= -3,81924 Dl= 1.99146
COEFFICIENTS FROM CURVE FITTING

A2= 49418 B2= .00692 C2=" =-1,04551 D2= °© ,54552
NUSSELT NUMBER = 3.64870 ' :
COEFFICIENTS FROM 1., ITERATION

A3= 1.80315 B3= .02527 c3- -3.81477 D3= 1.99045

wo als ads Wls als wis wlo als abs als als abs als Al wlo wis 4ty wlo als wls ol o - ale als ale als abe als aly ois ate als sleale abs abs s als Al ir afs abs als abs als als als als sloobs oty ols ols
SEREATRE AT N AT RERC I A NN AL AT A AT AT T ARG N AL O N A AIHT KT L AT RTH A AT HT ALK AIRC AL AT HIRE R e Ny ke

ITERATION 2 - |
Al=  1.80315 Bl= 02527 Cl= =-3.81477 Dl=  1.99045
COEFFICIENTS FROM CURVE FITTING :
A2=  .49326 B2= (00687 C2= =-1.04357 D2=  .54456
NUSSELT NUMBER=  3.65575 .
DIFFERENCE= .00705

COEFFICIENTS FROM 2. ITERATION ‘ -
A3= 1. 80324'83- :02512 €3= ~3.81505 D3= 1.99079

'os‘ J \‘ e " als o \‘ e J \‘Anf alr wis wis als atr als s als als aly wfr wls Al als ofs sl oty
Neslee nesi < 123 3 ST NE S S e SR B N 3K, S0 S22 2230 N 3R NS HENT BT STNS N SENT A2 AT ANINT AT L ATHE ALK R ek 3Rk

ITERATION 3 o |
Al=  1.80324 Bl= .02512 Cl= . -3.81505 Dl=  1.99079
COEFFICIENTS FROM CURVE FITTING ‘
A2= 49327 B2= .00686 C2= =-1.04359 D2= 54458
NUSSELT NUMBER=  3.65572 :
DIFFERENCE= .00003
COEFFICIENTS FROM 3. ITERATION
A3=  1.80326 B3= .02509 C3= -3.81508 D3=  1.99083
VALUES FOR. TEMPERATURE DISIRIBUTION
ETA VALUES

0.000 0.100 0.200 0.300 0.400 0.500 0.600 0. 700 0.800 0.900 1. 000
THETA VALUES
1.803 1,769 1.671 1.521 1.;30 1. 110 0.874 0.634 0. 400 0.186 0.004

sz e
SRR SN s s sk e s ne sk .,~““',-“‘.~,~q~—.~.'.~p.~n«--n 31K SIE SR 3R B8 38 28 S NE BT NT A3 838 SR Sig e sl sl 3k e s sl s sl sl sie e sl sle sl sk
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CALCULATION OF NUSSELT NUMBER



FULLY DEVELOPED TURBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATLRE

PRANDTL NUMBER= 6.000 - . ' S
REYNOLDS NUMBER = 3G00 .0 ' ,

PECLET NUMBER = 0.0

ate s o
21

Hesl pLP 4 3 'y ol e se Sl . shesle sz ale oo sle e e sl ol

SR HERT AN e N B NS e e A s ks sk < RN ek S0 38 NT 3R 38 383238 3838 SR N TN 3R NS ST e S K et sfesie e s ng e 3R sk
_N= 3.331

JRUSY 2 sz hosle stz we Sesle ik 2 le wls ats ale sieabs ale sty 2 ole she sle Sfe als als ale wle soabe slo als ste s

Sl sl e e s s s e e el sk SR 518 g e N s sl sk sk s S e e e oie ik 2z ofe 2ig Bieale ol sle Sfele slesle g ol sl sl sl sie lesie skl e sk siesi e sk sk

ITERATION 1 ,
Al= 1.92590 Bl= «15095 Cl= =-3.84403 Dl= 1.76503
COEFFICIENTS FROM CURVE FITTING '
A2= 43602 B2= 03405 C2= -.87766 D2= 40724
NUSSELT NUMBER=  4.43177 S ‘
COEFFICIENTS FROM 1. ITERATION

,1.9323’ .15091 -3 88959 1 80479

ITERATION 2 _ , _
Al= 1.93237 Bl= 15091 Cl= -3.88959 Dl= 1.80479
COEFFICIENTS FROM CURVE FITTING
A2= 43657 B2= .03378 C2= -.87938 D2= 40869
NUSSELT NUMBER=  4,42919
DIFFERENCE= .00258
COEFFICIENTS FROM 2., ITERATION .
1.93368 «14965 -3,.,89495 1.81019

VALUES FOR _TEMPERATURE DISTRIBUTION
ETA VALUES

0.000 .100 .200 .300 .400 -.500 .600 .700 .800 .900 1.000
THETA VALUES ' ‘ '
14933 14911 1.822 14676 14486 14261 1,012 .750 4487  .233 0.000

sb\bsbd h\h\l \I,J wle l4 ‘- L«L l abr als wis o p aba Al d ale als als
LRI AR R RS <33 3ie 3 Bl e Re e stk —rv-w\-rr-r'.—rr-r:r’vr ST 38 RN 3 AR A RN e e RN RPN AR

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATIRE

PO <l sk s ads ahs als afe sle als wle sho abs als ols afe ale sl als afs als alz abs alo sle ale sls ale ale abs ale aleals alrale abs afs ole als slo abs ots

Sp sjesiesiesie He s sjesie e 2 sl Ao e sk s e kR A3 AARAT RO AR AT AT AL N IR A A RN NN RO NN K g

PRANDTL NUMSER = 0.006
REYNOLDS NUMBER= - 8000.0
PECLET NUMBER= . U.0

L, Wl TRV EN) f, abr als als wle Al Qs wie wts wle @)y wls als wbe aVs wls wls vl als als ats als wte wls ats als ofs UMK PR PPN
< i 242 0ok 30 208 48 31 Si 3E BRI 31 S SIS S SIS BN 38 KA AT S NET G AR AE AR AE AT BT AR R AT IR A0 AR A AL AL IR N NN 3k

6.430
9.000

Z w3t
[ R

3l sl she 3l s ale 36 ok 3k 3ie 3ic sl =ieaie e sl etk slesle e sl sl e sl Sie 36 St 8 e e e e 3N e 3 R 3R Se e 3 sl SR TSN 3T e 3% e e Re R Ry
ITERATION 1

Al= 2.04644 Bl= «10982 Cl= -3.92399 Dl= 1.76706
COEFFICIENTS FROM CURVE FITTING 4

A2= «42690 B2= +02607 C2= -.83378 D2= «38061

NUSSELT NUMBER= 4.80995 ‘ - :

COEFFICIENTS FROM 1. ITERATION
2.05341 «12543 -4,01046 1

s by \- whr als als wis o J’
ek 3k Sjese slesle 3l s it sle SR S R SR BBk K 3 i< 3i¢ Sl i sl Bs g sl AR

ITERATION 2 _ :
Al= 2.05341 Bl= .12543 Cl= 14.01046 Dl= 1.83075
COEFFICIENTS FROM CURVE FITTING
A2 = 42774 B2= . 02598 C2= —.83670 D2= .38281
NUSSELT NUMBER= 4,80450 '

075
la# bJ s Jd
AR5

ate aty wls ats wls ale ate WSs wls ate als - de wls wls ol st
38342 e 30 308 3 3 e AT s i e e s sk ek



DIFFERENCE= 00544
COEFFICIENTS FROM 2. ITERATION : ~
2.05510 12485 -4,01994 1.83922

VALUES FOR TEMPERATWRE DISTRIBUTION
ETA VALUES : '
0.000 .100 .200 .300 .400 .500 600 4700
THETA VALUES

2.055 2.029 1.933 1.780 1. 5/9 1.342° 1. oso .803

-lldh‘
SKNE SRR RN ek 3% <3

CALCULATION OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE '

< siesle e st st sl siy o
3E3E NE AT A T 28 NN NT N RO R AT e kK 338 3 NS 38 3N e 3a S 338 3 NS e sl e Ak Sl sk ek

PRANDTL NUMBER= 0.000
REYNOLDS NUMBER= 100600.0
PECLET NUMBER= . 0.0

s ale adp ol s aty wls wle nds Wb, b ods

3 30T 3T 58 NE L e Ng 38 3 N2 38 ST Ne 3E e Sesie 36 e 3¢ S e s 3t sl e sk e sjesie seslesle s i sle
N

S= .560

- / . .
N= 10.930
te slo ads oo abs abs als ads ado wls oo 2ls als al, b abs e ale wls ol ul ats BN o Wi
SRS AR NS SR NURI N NERIA HRUATAL AL AT AT AL AL NUNIAL N 2L RN LA HRC KA

ITERATION 1
Al=  2.06344 Bl= .10572 Cl=
COEFFICIENTS FROM CURVE FITTING
A2= 42709 B2= 02527 C2=
NUSSELT NUMBER=  4.84789
COEFFICIENTS FROM 1. ITERATION
2.07049 ',.12252 _T4.04295
ITERATION 2 |
Al=  2.07049 Bl= .12252 Cl=
COEFFICIENTS FROM CURVE FITTING
A2= 42795 B2= .02519 C2=
NUSSELT NUMBER=  4.84215
DIFFERENCE= '  .00574
COEFFICIENTS FROM = 2. ITERATION
2.07222 .12201 -4.05285 1.85813
VALUES FOR TEMPER ATURE DISTRIBUTION
ETA VALUES | '
0.000 .100 .200 .300 +400 .500 .600 .700
" THETA VALUES _
2.072 2.045 1,949 1.794 1.591 1.352 1.087 .809

-3.95344 Dl= 1

~.83396 D2=

-«83699 DZ2=

253 0.000
SR SRR TR A r'- sje e sjesie sl sl sl sl 3 sl sje sl sl sie iz e e S Sie it STl e S e e 3 e .:'r'. i3 e e e Bl el e o eSS e e Ak ik K3k
CALCULATION OF NUSSELT NUMBER -
FULLY DEVELOPED TUWRBULENT. FLOW IN PIPE
CDNSTANT WALL TEMPERATURE e o e s S S

PRANDTL NUMBER= _ .0.000
REYNOLDS NUMBER= 30000.0

PECLET NUMBER= ‘ .0

X

S= 17.600
N= 26510

o als alr e alsals b abs als als alsals als afs als als ole ale als
e slesk sjesk sk ;,‘* 12 3 5i Sk 3z Bl oje Sl Sl HE N B SR AT AR 3

;ITERATION 1

-4.04295 Dl= 1.

stk slosk - 2 alo wle abeats ale ale abe sty ale abe als olo ol ste al2 ale slz sls aleate st ats ole alo ste sle
2 o 1 S S} S50 SRS SE TSR SR SRS S SR SRS BT A S S8Rk

.800 .900 1.000

1523 252 0. 000

<R3 P te sk b o
3SR N0 SR AR NN e e e sl sie e e ik 316 3ie s sle 38 5 2jesie s sl 3 3¢ Sje T 3 sl o Sie Sig e Sl Bl e SR SRk R

als aly als afs wbo als ols als atsnle ls e b ats sle ulp als als ale sbe alr Wl alsabs obs wle ols
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e wle wtfs o, e Wls abr als e als ale ot ale ats wls Wls ale wls e wle
EGRORARARAT AR AR AR R R R SR S AR SRR LA l"!"t"t""'t‘ 3%

« 78410

038147

84935

«38374 .

527

bs als als ste of, Le Wiz ats nbe ale wle afs als als al. foals abs als abs o, s,
fo ao Al als ale als als als als sleale ale sle als ats abo ale st ole ale sle als slo sl als ale slo sle iz alonfe ale sl als ale als alz ale sloals sbe ale obe ots sle ate
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Al= 2.13021 Bl= .10431 Cl= f4;07518 Dl=A 1.84134
COEFFICIENTS FROM CURVE FITTING

A2= 42554 B2= 02437 C2= -.82928 D2= «37932
NUSSELT NUMBER=  5,02200 ' .

COEFFICIENTS FROM 1. ITERATION

2 13706 .12239 -4.16466 '1.90498
ITERATION 2 . . '
Al=  2,13706 Bls= e12239 Cl= -4,16466 Dl=. 1.90498
COEFFICIENTS FROM CURVE FITTING
A2 = 42640 B2=  .02434 C2=  =.83234 D2= .38156
NUSSELT NUMBER=  5.,01579 :
DIFFERENCE= .00620
COEFFICIENTS FROM 2. ITERATION

2. 13876 .12209 -4 11486 1 91386
ITERATIDN 3 :
Al=  2.13876 Bl= ' ,12209 Cl= -4, 17486 Dl=  1.91386
VALUES FOR TEMPERATURE DISTRIBUTION ‘
ETA VALUES

0.000 .100 .200 .300 .400 .5C00 ..600 .700 .800 900 1.000
THETA VALUES

2 138 2 111 2 011 1 851 l 642 1 395 1 122 .834 .5 .262 0 000

CALCULATION OF NUSSELT NUMBER- »
FULLY DEVELOPED TWBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE

. RS ARAR AR RN RN TN AL e e e TN ek e 32 e Al e e e e e Nesie Kisie NENe N A e sl desie e NSk s Aok e e
PRANDTL NUMBER = G.000
REYNOLDS NUMBER= 50000.0
PECLET NUMBER= G.0
S= 26.620
N= 39,910
sfe e i Sfesieshe diasie skoskne Hie siesle sl sieslenie S ng 2l Sl oS SR Sl s 34 B SR T 3% SIS S B B 8 3 K S 3T 0 R NE 38 3R KSR g SR e AR Rk 3 SR SR 3 NSRS
ITERATION 1 ° '
Al= 2152106 Bl= «10624 Cl= -4.,11443 Dl= 1;85687'
COEFFICIENTS FROM CURVE FITTING \
AZ2=" W42461 B2= «02445 C2= —e82653 D2= «3TT742

NUSSELT NUMBER=  5.08418
COEFFICIENTS FROM 1. ITERATION o -
2 15881 _ .12432 —4.20228 1 91888

ITERATIDN 2

Al= 2.15881 Bl= «12432 Cl= -4.,20228 Dl= 1.91888
COEFFICIENTS FROM CURVE FITTING ,
A2= 42546 B2= 02443 (C2= -.82955 D2=  .37961
NUSSELT NUMBER= 5.07792 ' :
DIFFERENCE= .00626 :

COEFFICIENTS FROM 2. ITERATION

2.16047 +12409 -—4.21242 1.92767

VALUES FOR TEMPERATURE DISTRIBUTION
ETA VALUES

0.000 ..100 +200 +300 +400 500 .600 «700 <800 .900 1.000

THETA VALUES




2 lbd 2 132 2.032 1, 870 1 659 1.410 1. 134 <844 .550

«265 0.
slesk -‘od s 3t 22 e pleste Mo pES < st slosk P P33 e ate e she e e she
AR AR AR AR

< 355 b 2 M2 sksk 2 s
& BRI ISR 13 LR HaSi e e e 3 SR SRR et sie e e s 'I"r"o'r'rrr'lr-h'-’l‘

CALCULATION OF NUSSELT NUMBER _

FULLY DEVELOPED TWRBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATURE

PRANDTL NUMBER=  0.000 o
REYNOLDS NUMBER= 70000.0

PECLET NUMBER= G.0

whs Jo als abs als als wls als als wle wls als ats ats w15 wle als ol of, e al, Vo b, als s als b ats wls als als als Wiy ot o e abs als abs als al s wle wle wlo ale abe ale wle als als ats wle als als ale als ols
3¢ 3e s s sisle s s sfesfe sk sl e e s slesic i sieaie 3k oo sfesie o sfe et sk ke e s sfe s o ikl o sk o sl sk age ok e 2o el o s ol o sk e sk ke
S= 35,040
N= 52.180

ale wls ale ot wts .f e atrals als afs ats wle abe wlo e als ale ale als abs ale sle wle als abe ale als wde 2ty ale ale abe abe \.f b wls wbs wls ls als ale ate e wieots e dr als als
3SR BRI HE e NN RN AT N T HEAE Fe 3 e N2 e % e e sl s e e e 3je sie e siesie sie slesje sl Sfeale slesie sje e sjeslsie sje ve ojesjesie slese shesle e e sl sk

ITERATION 1 :
Al= 2.1615% Bl= .10361 Cl= =-4.11016 Dl= 1.84611
COEFFICIENTS FROM CURVE FITTING
A2 = «42370 B2= 02457 C2= . ~-.82366 D2= .37531
NUSSELT NUMBER= 5,12150 ;
COEFFICIENTS FROM 1. ITERATION

2. 16999- . .12585 -4, 21840 1.92219

e adp o b ¢s¢ wls als J Al ale ale wls oty als als e ale ols wls als ofs wls aly ~'—~|a\la"¢ wls als nbs abs
< SR 3¢ 3 SO 38 38 3 3R 3R S8 Sl sl S AR B NE A 3 Sl 33 e S skt e sl e kg FRIASE SRR SRR SR SR R RS R AR SR SR ST SR SRR SR AR SR AR ¢

ITERATION 2 |

Al=  2.16999 Bl= .12585 Cl= =-4.,21840 Dl=  1,92219

COEFFICIENTS FROM CURVE FITTING . S

A2= $42476 B2= .02456 C2= = -.82743 D2= .37805

NUSSELT NUMBER=  5,11352 :

DIFFERENCE= .00798

COEFFICIENTS FROM 2. ITERATION

. 2.17206 .12561 - =4.23111  1.93317

VALUES FOR TEMPERATURE DISIRIBUTION

ETA VALUES ' |
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000

THETA VALUES |
2.172 2.144 2,043 1.881 1.669 1.418 1,141 .849 .554 .267 0.000

L ate wls »\l als als l4
s 3 e siesc sjesie sioskonie ol sjesie sl el Sl R ek A AR A 347 38 3R 3 Sie SIE 3ie Sl S 38 S sl sia sl 302 Bl 3 S AR KL 3 33 rrrn SRR AR

CALCULATIUN OF NUSSELT NUMBER
FULLY DEVELOPED TURBULENT FLOW IN PIPE

CONSTANT WALL TEMPERATWRE Lo ' o
PRANDTL NUMBER= . 0.000

'REYNOLDS NUMBER= 100C00.0

PECLET NUMBER= Q.Q

o ats wo ale abs ale ate als ol als als ale abr ale sl ahr abe sle ol ale ol ale
>"‘:*~P,‘,;.'<>’,::‘,:>‘,:>'.<:',:>;::‘,:::::‘,::::::::'.:::":~='.~¢;w,~»p—.~-,~>.~=p=pv.->p-rrp-r'(~'r'r'r'r'r vt Sl He sl sl sl s R AR sl e e ek s sl s s sl
S= 46,970
N= 69.270

e ah uls ale ls ale ale ale ale sle ale st sl 3z 3¢ sl she st sle ale e 2l st 3o ate 2l ate sl 3o sl sle s sle e 3t sl sle sl ale ate abe abe sty e ste sle
She slesls st st st sie sloale sk sjealesk shosli sg 3ie il sl ol Sl el i BRSNS REAE AT AT BT AATRC HOE AR AT NI A AT IART I I KR AN BRI 38 5038

ITERATION 1 :
Al= 2017238 Bl= .10906 Cl= -4.14540 D1= 1.86714
COEFFICIENTS FROM CURVE FITTING '
A2= «4 2291 B2= .02461 C2= -+82117 D2= «37356
NUSSELT NUMBER = 5.15671
COEFFICIENTS FROM 1. ITERATION

2.18086 012693 -4, 23458 1. 92638

ateats slo sl ats ol wis als ols I
g 3toate sl sle sle ale ste ole wte e ole

~\anb~l’ ale ale sleale als als wfs ale wloals
she sloste 3o sloste slesi st S e R 316 SRS SR A AR BRI T O N AR AL b3 <K b



CITERATION 2 . , , S
Al=  2.18086 Bl= «12693 Cl= =-4,23458 Dl=  1.92638

COEFFICIENTS FROM CURVE FITTING v
A2= 42402 B2= 02468 C2=. -,82505 D2= «37628
NUSSELT NUMBER = 5.14782 : .
DIFFERENCE= .00888
COEFFICIENTS FROM 2. ITERATION
2.18279 «12705 -4.,24724 193707
VALUES FOR TEMPER ATURE DISTRIBUTION
ETA VALUES

0.000. .100 .200 .300 .400 .500 .600 700 ‘;800 «900 1.000
THETA VALUES -
2 182 2.154 2. 053 l 890 1 678 1426 1,148 .854 557 .268,0 0

J'ddsbd :w‘ o Wt wls wie by . W s wto whe wie als
< SRR 3SR SRR SIAE 3K AE IR 3 RT3 NS A e Sp e sl =i slesie sk e e sie siesle sje sie e sfesieos sieie sesle sl et ke r’l‘rrr'ﬁ'r SREIRAR A3
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CALCULATION OF NUSSELT NUMBER
_ FULLY DEVELOPED TWRBULENT FLOW IN PIPE
CONSTANT WALL TEMPERATURE ‘

ale abe ads als o, atoals ol l-J als ols wle als als als Wi als als ats als ol 1o s ats ot 1o wls ale als ale ale ol
SR B8 e 38 AR e R Ne e (L3 A S KA e SR 33 sl sl sk e sl 3 Ak sie sl sl Sie s sk ool St sl sk ik e sie slesie ik sie sieske sl sie st slesie i speslas sl i sk

PR ANDTL NUMBER— 0.000
REYNOLDS NUMBER= 300000.0
PECLET NUMBER= : 0.0

tr als wlr ofr o, o ade als o als ats o J‘ ale wle alsale wis ole sl als ale ofs
SE 3% I SIENE 30T SR NS SR 3K SN 3 R0 NN T NI R AT NT T HLAe KT 22N N A AL N 2o ek qeg 'rr'rrr’-—r SRR AL SRS R R

wte l s wle als w'd b als a to ale >‘¢ Al ats als sl als abs ale abs alo s ale als als ale abs aleabs abe sl abs als als abs bz ol ale als ste ol ale sls sl slo als afs sls ol ale als 2o ale ils als oty ! de ale wls ode wie
she sl i Bl Bt 21t 2t 38 2t g 3iE ek 218 K NEAR NN HTE NI AL ATAC AT ACHT AT ATH AR AL AL A AR SLACHT ARG R AL 2 3E WAL 3R 38 WL

ITERATION 1 . |
Al=  2,18695 Bl= .09775 Cl= ~-4.08199 Dl=  1.80391
COEFFICIENTS FROM CURVE FIT1ING |
A2= 41917 B2= .02511 C2=  '-.80896 D2= 36452
NUSSELT NUMBER=  5.25739
CDEFFICIENTS FROM 1. ITERATION:

20375 213204 -4.25305 = 1.9164T

J \t,q, l e als l P b b ate wle J—s als als ats b b ale sbe ale sdo als ale sl als ale als als als ol als wis aloals abs ale wlo ols oty ol
sk 3 S siesie sie e sieslesiesie sjesie Sie sie iesie Sl e R ST 3 2 SR BN B0 A A BT AL RL R SJRSE 3 3l SI B8 RS HENE 30 B S8 NG A NS NENE N8 B8 3k 3 Ne 3k

ITERATION 2
Al= 2.20375 Bl= e13204 Cl= —-4.,25305 Dl1= 1.91647
COEFFICIENTS. FROM CURVE FITTING 7
A2= «421335 B2Z2= 02527 C2= -.81655 D2= 36981 -
- NUSSELT NUMBER= 5423933 ' : '
DIFFERENCE= .01806
COEFFICIENTS FROM 2. ITERATION

2 20753 el3243 =4, 27819 1 93757

. ' Jo atbs alrals als alsals I 1‘ \l — So als als ol \" ale wle als ale als als ol wls abs oty ale als olr afs alsale 2l als ole by als oy ols
e 3esie e sje el sjesie sie sl sk sl sisje s e sl s e 31 sk S sl it ste sl sle siesle sk sie sl se s sig siesle Sl e sl s sie e sie sl sie e Sl e et e sfesaR i Sk

ITERATION 3 , : ,
Al=  2.20753 Bls=s .13243 Cl= -4.27819 Dl= 1.93757
COEFFICIENTS FROM CURVE FITTING |
A2= 42165 B2= .02518 C2=  -.81754 D2= .37058
NUSSELT NUMBER=  5.23717 : -

DIFFERENCE= ~ .00215

COEFFICIENTS FROM 3. ITERATION

2.20829 .13189 —-4.28162 1.94082

VALUES .FOR TEMPER ATURE DISTRIBUTION

ETA VALUES : | ,

0.000 .100 .200 +300 <400 .500 .600 .700 .800 .900 1.000

THETA VALUES .
2,208 2.180 2.078 1. 914 l 700 1. 446 l 165 «868 .567 273 O OOO

Yo ale als whr ate als oty als als s als
W Sl Haaie e sle BRI AR e e el e eslasie sl e

2 sl sle 3ok 2 Sie 3l sk sk 3 el 2 Sfe ST SRS
st Slesle s sl sl sfeste sie sk sl sl el sk sk sfesle sl sk sl sl el g e A Ae R SRR



JCALCULATION OF NUSSELT NUMBER -

FULLY DEVELOPED TWBULENT FLOW IN PIPE
CDNSTANT WALL TEMPERATURE

POB U

PO
Pt . SR8 3383

PRANDTL NUMBER =
REYNOLDS NUMBER=

PECLET NUMBER=

ale als als ols aloals abe
SRS SEsRERNI Nk sk

< s s sk qesese e s

I \bd s wls als ol

Nﬂf\.
< 3 s ene e e sese e sfe e

0.006
 500000.0

0.0

sloste ate stz losle slosts ale sle sle sl sle ste ot -
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~ APPENDIX C

THE FLOW DIAGRAM AND THE COMPUTER PROGRAM




DEFINITIONS OF THE TERMS USED IN THE PROGRAM

N Number of ihtegfation‘increments
A1, B1, C1, DI Coefficients of the appioximafe tem—
| perature prgfiie.(é)
8 TFlow parahéter (8)
ON Flow paramétef (n)
PR Prandtl number
RE Reynolds ﬁumber
A4, B4, C4, D4 i Coeffients of the temperafure profile
| calculated in’fhe prévious iteration
DEL Iﬁtegration interval
‘_AbEL .Cpntrol tirm.for integration when
DEL:ADELE integration is stopped
ADELA Control term for integration when
 ADELA = DEL ‘the lower limit of inte-
gral is equal to one | | |
BDELA Control term for integration when
BDETA = DEL integration interval is
increaéed | |
ETA(I) n o
FUN3(I) F()
| ONﬁ Nusselt number
AA, BB, CC, DD Coefficients of the third degree

polynomisel fitted



G

4

PUNCH
INPUT

VAL UES

I'\'ER:&

SET
AL, 81, Ct, DI
EQUAL TO JYES
A4, BA, C4, D4
MM=

\/
T ™\
READ N
Y
READ
M, B1,¢1, 01
—7
READ
S, ON, RE, PR|




&4
NM= N- |
Y o
£ vi= NN
o '
DEL= L /Av
V4
AAM= 2.
A

ADEL=04 &DEL/qAM

Y

| ADELA=DEL

BOELA=DEL-§.xADEY

®)
N




I=1

~

ETA(I)=0.

CALCULATE
FuNa(1)

a2

1=T+1

ETAE)=ETAQ-)+ - [ YES
DEL Y
O0bD=0
EVEN=0O
v
M=N-1I




A = A,

<
Y

OBD=0DD4+FUN3(

<
<

el
i

-t
+
)

<



YES

CALCULATE

FUNS

FUNS| = Fung

Y

DEL = ADELA?

‘NO

Y(Mm)=FuNS1 ~FUNS
X(MM)= ETAQ)

;\l

DEL= DEL-ADEL

<{OE\L > BDELA?

NN= 20

DEL>BOELA

AAM= 2.

5\



N= NN+

y -

AM= NN

N4

oeL=1./AM

ADEL= 0.1 % DEL/AAM

ADELA=0,

Y

BDELA=O.

DEL=DEL-S.%ADEL




/ AR
THUIRD DEG, POLY,

THROUGH
Y(Mm) v X (Mm)
N .

\‘/
P ———

PUNCy

AA,BS,CC, 0f

CALCULATE
-ONU

Y/

CALCULATE
AR, B84 SR, 04

'
[Poncw

ony |
A4,84,CH, 04

13)




™, /,M_
wht ) { a‘?)(;‘
[T %
Lo =0M R
DIF= ABSTON - Lo
\1 -
ey
Y
TTER =R
— PLUNCH

DIF

Y
(=

ITER=ITERY| Yes
STOP
¥ —

UNO F: anNL




JELETTULIL

LDISKTuLll
INPUTVPROGRAM}
N INTEGRATION INCREMENTS
VALUES OF N 21 OR 41 OR 81
AlyB1,C1,D1 ARE THE COEFFICIENTS OF THIRD DEGREE POLYNOMI AL
S PARAMETER FOR THE PAL PROFILE
DN-(N)»PAéAMETER FOR THE PAI PROFILE
VPR PRANDTL NUMBER
RE REYNOLDS NUMBER

DIMENS 10N ETA(lél),X(lbl),Y(lél),Pl(lél),PZ(lél),PB(lél),FUNB(161)
1, THETA(21) 4SM(2)
COMMON IY,KY Al 4B14Cl,D1, S,ON,PR,RE,PE  Ad o B4y Ch D4,A3,83 C3yD3yCy
1D 3B yUU s TTER 1X 5 Y s AAM N, UND, ETA, PLyP2, P3,FUN5,THETA,SM
ITE2=1
READ 3,N
182 READ 515A14B14C1,4D1
READ 614 Sy0ON,4PR
READ 170,RE
PRINT 307
PRINT 320
- PRINT 172
PRINT 151,S,0N
PRINT 316,4PR
PRINT 171, RE
PRINT 320
PE=RE%PR
PUNCH 330
PUNCH 331
PUNCH 332,PR,4RE,PE
PUNCH 331
PUNCH 333,S,0N
CITER=1
'3 FORMAT(14)
51 FORMAT (4F10.5)
61 FORMAT(3F10.3)
151 FORMAT (2X43F10.3)
170 FORMAT(F20.1)
171 FORMAT (2X s THREYNOLD1X s THNUMBER =9 F1341, /)
172 FORMAT(9Xy1HS,9Xs1HN)
307 FDRMAT(lHl,l1HCALCULATION,leZHOF,lX,?HNUSSELT 1X , 6 HNUMBER ,
11Xy 9HTURBULENT,1X13HFLOWSCONSTANT 31 X5 4HWALL 31Xy 12HT EMPER ATURE %,
21X ySHFULLY 1 X, 9HDEVELDPED,1X,4HCASE,/)
316 FORMAT(&X,?HPRANDTL,lX,(HNUMBER—,FlO 3)
330 FORMAT (/9 11HCALCULATION1Xy2HOF y1Xy THNUSSELT, 1X, 6HNUMBER,/,
15HFULLY 31X 3 9HDEVELOPED 1Xy OHTUR BULENT 3 1X 9 4HFLOW, 1X72HIN,1X,4HPIPE,
2/ +8HCONSTANT 41X, 4HHALL11X,11HTEMPERATURE)




332 FORMAT((HPRANDTL,1Xy7HNUMBER—:F10 39/ ‘
18HREYNOLDS 3 1X 5 THNUMBER =4 F13.1,/, 6HPECLET,1X,/HNUMBER—,FlB 1y /)
- 333 FORMAT (2HS=,F10. 3,/,2HN-,F10 3y/) .
320 FORMAT(65(1H*))
CALL LINK(TULIZ2)
END

DELETTULI2

%LDISKTULIZ

; THIS PROGRAM INTEGRATES F(ETA) BY SIMPSON RULE

g UPPER LIMIT=1 |

g LOWER LIMIT=ETA

" DEL INTEGRATION INTERVAL

kP NUMBER OF THE LOWER LIMIT OF THE INTEGRAL

g WHEN DEL=ADEL INTEGRATION STOPS

f WHEN-DEL=ADELA THE LOWER LIMIT HAS A VALUE OF ONE

; WHEN DEL=BDELA NUMBER OF INTEGRATION INCREMENT IS CHANGED

. A4 3B4 4Chy 04 ARE THE CDEFFICIENTS OF THE TEMPERATURE DISTRIBUTION'
: CALCULATED IN THE PREVIOUS ITERATION

: FUN3=F (ETA)

. FUN5 INTEGRAL VALUE OF F(ETA) |

. FUN51 INTEGRAL VALUE OF F(ETA) WHEN LOWER LIMIT=1

DIMENSION ETA(161)4X{161),Y(161),P1(161) 1P2(161),P3(161),FUNZ( 16])
1,THETA(21),SM(2)

COMMON IY4KYyALyBlyC1lyD1yS,0NyPRyREyPE A4 ,B4,ChyD4, A3,B3,C3,D3,c,
1Dy ByUU,ITER X, Y 1 AAMsN1UND1ETASPLsP25P3, FUNS, THETA, SH
132 CONTINUE
IF (ITER-1) 133,134,133
133 Al=A4
Bl1=B4
Cl=C4
D1=D4
PRINT 320
134 CONTINUE
PRINT 305,ITER
PRINT 173,A1,B1,C1,D1
PUNCH 331
PUNCH 334 ,ITER
 PUNCH 335,A1,B1,C1,D1
C=S-1.C
D=0ON-=5




A=0N+10b
F=0ON+S :
UU=2e%A/F
AS1=D/ (4 .*B)

L AS2=2.%0N+2 .

AS3=C/ (B*AS2)
AS4=D/(5.%B)
AS5=2¢%0N+3.
AS6=C/(B*AS5)
AST=D/ (6 4%B)
AS8=2.%0N+4+ |
AS9=C/ (B*AS8)
AS10=D/ (T+%B)
AS11=2 ON+5,
AS12=C/ (B%*AS11)
AS13=2 ,4ON-2,
MM=1

KP=15

NN=N=-1

AM =NN

DEL=1./AM

AAM=2. :
ADEL=0. 13#DEL/AAM
ADELA=DEL
BDELA=DEL-8 .*ADEL

- GO TO 72

511

N=NN-+1
AM=NN

 DEL=1./AM

C
C INT
c

12

590 ETA(I)=ETA(K)+DEL

ADEL=0.1%DEL/AAM
ADELA=U. :
BDELA=C.
DEL=DEL-5.%*ADEL
GO TO 72

EGRATES F(ETA) BY SIMPSON RULE

CONTINUE
ETA(1)=0.001
ETA(2)=DEL
DO 590 I=3,N
K=I-1

DO 65 1=1,N

65 FUN3(I)=(ALls%((ETA(I )%%2)/24=ASI#ETA(1)%k4~ASBHETA () 0kAS2) +B1%
1((Le/34)%ETA(I)#%3=AS4*ETA(L ) #¥5-ASE*ETA(1)%%AS5) +C 1% ( (ETA(I)%%4)
2/t e=ASTHETA (1)356~ASGHETA(I)*+AS8) +D1% (0.20%ETA (I):5-AS10%E TA(I )%

68

14
15

4RETA(L))
0DD=0.0
EVEN=QU.0U
M=N-1 .
DO 67 I=29M,2

T -EVEN=EVEN+FUN3(I)

MA=N-2
DO‘ 68 1=3 1MA 12
ODD=0DD+FUNZ(I)

FUNS=(DEL/34.)%(FUN3(1)+4 ¢ *EVEN+2+*0DD+FUN3 (N) ) %UU
IF(DEL-ADELA) 15,1415

FUNST=FUNS5
CONTINUE



X{MM)=ETA(N)

MM =MM + 1

DEL=DEL -ADEL

IF (N=41) 508,507,601
508 IF(DEL-BDELA) 509,510,510
509 NN=10

AAM=1,

GO TO 511 ~
510 IF(DEL-ADEL) 70,72,72
507 IF (DEL-BDELA) 548,510,510
548 NN=10 : \
' AAM=1, -

GO TO 511
601 IF(DEL-BDELA) 602,510,510

602 NN=20

AAM=2

GO TO 511
70 CONTINUE

X (KP)=0.

Y (KP) =FUN51

AAM=KP

N=KP

PRINT 311 :

PRINT 691 (X(I),I=11N)
, PRINT 3105 (Y(I)yI=1,N)
69 FORMAT (2X 31HX 31Xy THVALUES=y11F10 454 /)
173 FORMAT(LX,3HA1—,F10 552Xy 3HBLl=3F10.5,2X,3HC1=,F10. 5,2Xs3HD1=,F 10«

15,/)
305 FORMAT(2Xy9HITERATIONy2X,12, /)
310 FORMAT (2X 31HY 31Xy THVALUES=,11F10.5,/)
311 FORMAT(2Xy LHXy1Xy3HAND, 1Xs 1HY 3 1 Xy 6HVALUES ;1X33HFOR y 1X 5 5HCURVE, 1X 4

LTHFITTING,/) , ‘ '
320 FORMAT(65(1H%)) - .
331 FORMAT (65 (1H*)) o ,
334 FORMAT(SHITERATION, 1Xs12) ‘
335 FORMAT (3HALl=,F10. 5,1x,3H51—,F10 541X93HCL=yF1045, 1Xy3HD1=,F10.5) |

CALL LINK(TULI3)

END ‘ : ' ,

#DELETTULI3 : _ - J

#LDISKTULI3

c

FITS A THIRD DEGREE POLYNOMIAL BY THE METHOD QF LEAST SQUARE
N AND AAM ARE THE'NUMBER OF DATA POINTS 4
Y AA+BB «X+CC Xk 2+D DX %% 3

DIMENS 10N ETA(lél),X(lél)yY(lél),Pl(lél),PZ(161)7P3(161),FUN3(161)
1, THETA(21) ,SM(2) ;
COMMON 1Y 4KY, A1,81,01,D1,S,0N PR yRE yPEy Al yBbyClyDby A3 B3, 63,03,0, |
1D 4B yUU, 1TER 34X 4 Y,AAM,N UNO,ETA, Pl,P2,P3,FUN5,THETA,SM i
129 DO=AAM ] ‘ o : . |
Ul=0. ‘ ’ - |
7 Ul=Ul+Xx (1) ' i




- DO 8 I=1,N
8 PL(I)=X(1)-Ul
El=00
DO 9 I=1,N
"9 El= El+Pl(I) P1(1)
U2=0.
DO 10 I=1,N
10 U2=U24+X(I1)%P1(I)*P1(1)
U2=U2/E1
V1i=0.
. DO 11 I=14N
11 VI=VI+X(I)*P1(I)
V1=V1/D0O ‘
DO 12 1=1,N
12 P2(1)=(X(I)=U2)=%P1(I)-Vl
E2=0.
_ DO 13 I=1,N
13 E2=E2+P2(1)%P2(1)
U3=0. ‘
DO 22 1=1,N
22 U3=U3+X (1)%P2(1)*P2(1)
- U3=U3/E2 ‘
V2=0.
DO 23 I=1,N
23 V22V2+X (1 )%P2(1)%P1(1)
V2=V2/E1l
DO 50 I=1,N
50 P3(I)=(X(1)-U3)*P2(1)-V2%P1(I)
E3=0.
DO 16 1=1,N
16 E3=E3+P3(I)*P3(I)
DO 17 I=1,4N
17 AS=AS+Y(I)
AS=AS/DO
BS=0.
DO 18 I=1,N"
18 BS=BS+Y(1)*P1(1)
BS=BS/E1
CS=0.
DO 19 I=1,N
19 CS=CS+Y(1)*P2(1)
- £S=CS/EZ
DS=O.
DO 20 I=14N
20 DS=DS+Y(1)%P3(I)
DS=DS/E3
AA=AS+CS=HUL*U2-CS%V1-BSHUL-DSHUL*U23:U3+U33#V14DS 4V2%kUL*kD S
BB=BS-C S*UL-CS*U2+DS*#U1*U2~-DS* Vl+DS ULl#U3+DS= UZ U3 DSV 2
CC=CS-DS+#U1-DS*U2-DS*U3
DD=DS
PRINT 314 . .
PRINT 21,AA,BB,CC,DD
PUNCH 3236 |
PUNCH 337,AA,BB,CC,DD
2 A3=AA ‘
- 'B3=BB
C3=CC
D3=DD
21 FORMAT(ZX,BHAZ—,FlU 592X 33HB2=,F10. 552X, 3HC2—,F10 542X, 3H02-,F10.
154,/)

_ el A - —p ) e e e w4



336 FORMAT(12HCOEFFICIENTS,1Xy4HFROM,1X, 5HCURVE11X17HFITT1NG)
‘337 FORMAT (3HA2=43F1l0.5,1X,3HB2=4F10. 5,1X,3HC2-,F10 54 1X43HD2=,F10.5)
CALL LINK(TULI4) '

*DELE

OO0 3

LDIS

END.

TTULI4

KTULI4

OUTPUT PROGRAM

CALCULATES NUSSELT NUMBER

ONU NUSSELT NUMBER

CALCULATES TEMPERATURE DISTRIBUTION

304

DIMENSION ETA(161)4X(161)9Y(161)4P1(161),P2(161),P3(161),FUN3(161)

1, THETA(Z21

) SM(2)

COMMON 1Y 4KY-yAl,B1,4C14D1,49S, DN,PR,RE PEyA4,B4,C4, D4 A3,B3, C3,DB,C,
lD,B,UU,ITER,X Yy AAM s NyUNO,ETA,PL,P2,P3, FUNﬁ,THETA SM
4 ETA(1l)=1.

T=24%UU
IN=1

DO 304 I 141IN

SM(I)=

_l ETA(I) ''''''

131

130

136

2%(2e%0N+3

454=(D/ (7
TM=SM(1)
ONU=1./THM
A4=A350NU
B4 =B3:x0NU
C4=C3=*0NU
‘D& =D3#%0NU

(A3 ((ETA(I )= 2)/2.~D/(4.

W(2e%0ON+2¢ ) ) +B35 ((ETA(T )3

B)RETA ()44 (C/ (B%( 2.%0N+24 1) )
%3) /Be=(D/ (54%B) ) HETA(L ) 555 ~( C/ (B

e} )HRETA(L )% (24%0N+34) ) +C3% ((ETA(I)%%4) /4 e~(D/(64%B)) %
BETA(I ) *%6—(C/ (B* (26 %%UN+4e ) })RETA( L)% (2e%0N+44) ) 4D3% ((ETA(I ) %5) /

#B) ) ETA(I) Y= (C/ (B* (2%

PRINT 92,0NU

PUNCH 338

+ONU

IF(ITER-1) 130,131,130

UNO=0NU

PRINT 156,

PRINT 155
PUNCH 340

ITER
1AL 4B49C44D4
s I TER

ITER=ITER+1

PUNCH 341

s Adry By Clry D

CALL LINK(TULIZ2)
DIF=ABSF(ONU-UNO)

PRINT &1 ,DIF

PUNCH 339
PRINT -156

PRINT 155,

'DIF
JITER -
AbyBlyClyD4

PUNCH 25G,ITER

PUNCH 351,

A44,B%4y,C4,D4

IF(DIF-0.0G01) 13541354136
ITER=ITER+1 ‘

UNO=0NU

- CALL LINK{TULIZ2)

ON+5¢ ) ) IETA(I) %% (2.%0N+5.) ))



ETA(L)=C,
DO 82 1=2,21 -
K=I-1
82 ETA(I)=ETA(K)+.05
DO 83 I=1,21 '
83 THETA(I)—(A4+84 FETA(T ) +C4% (ETA(T ) %eR2) +D 4% ETA(T)%%3)
PRINT 308
PRINT 309,(ETA(I)yI=1,411)
PRINT 879 (THETA(I)yI=1,11)
PRINT 309, (ETA(I),1=12,21)
PRINT 87y (THETA(I)s1=12,21)
PUNCH 344
PUNCH 342, (ETA(I)31=142142)
 PUNCH 3434 (THETA(L),I=1,21,2)
ALPR=LOGF (PR)
ALRE=LOGF (RE)
ALPE=LOGF(PE)
PUNCH 345 ,PR ¢RE, P&,ONU,ALPR,ALRE,ALPE
PUNCH 331
180 CONTINUE
DO 600 1I=1,20
X{I)=ETA(I)
Y(I)=THETA(I)
600 CONTINUE
X{21)=1.
Y (21)=C.
CALL GRAPH2(8.,8.,21,X Y)
81 FORMAT(2X,lOHDIFFERENCE,lX,7HBETWEEN 1X, 7HNUSSELT,1X 8HNUMBER S=
1F10.5,/)
87 FORMAT(2X 46HTHETA=4311F1045) -
" 92 FORMAT(2Xs THNUSSELT,1Xys THNUMBER =4F12, 6,/) ,
155 FORMAT (2X32HA=93F10e552X9 2HB=3F106592X92HC=,F10.5,2X 42HD=4F10.5)
156 FORMAT(Z2XyL12HCOEFFICIENTSy1Xy4HFROMy1X9I231HeylXy9HITERATION, /)
308 FORMAT (2X, 6HVALUESylx,3HFDR 1X,11HTEMPERATURE lX,lZHDISTRIBUTION,‘
1/)
309 FORMAT (2X y4HETA=,2X,11F10.5)
331 FORMAT(65(1H*)) '
338 FORMAT (THNUSSELT 31Xy THNUMBER=4F10.5)
339 FORMAT(11HDIFFERENCE=3F10.5)
340 FORMAT(12HCOEFFICIENTS,1X 4HFROMy1Xs12,1Hes1X, ,9OHITERAT ION)
341 FORMAT(4F10.5)
342 FORMAT (3HETA 31X s6HVALUES/311F6.3)
343 FORMAT(S5HTHETA,1Xy6HVALUES,/411F6.3) ‘ ,
344 FORMAT (6HVALUES,1X y3HFOR 31X 9 L1HTEMPERATURE 1X,12HDISTRIBUTICON)
345 FORMAT(Fl0e39F13e1yF13e1ls/34F12.5) :
350 FORMAT (L2HCOEFFICIENTSy1X 94HFROMy1X 9125 1Ha 11Xy 9HITERATION)
351 FORMAT(4F10.5)

CALL EXIT
END
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