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ABSTRACT 

Heat transfer coeffic~ents and temperature profiles 

for fully developed turbulent pipe flow withun1form wall 

temperature are predicted for Pr ~l. The continous and dif

ferentiable velocity profile of Pai (If is' used to integrate 
. . . . 

the energy equation numerically. Turbulent pipe flow is as-

sumed to be steady, and thermally and hydrodynamically fully 

developed~ The ratio of the edd.y diffusivities is taken to 

be unity. Axial conduction is neglected, and the flow is as-

sumed to be axisymmetric with constant 'fluid properties. The 

results obtained are presented as curves and tables. Three 

. correlating equations are given which predict the Nusselt 

number for liquid-metals and.fO%'glises.·· 

~Numbers in brackets deSignate References at the 

, end. 

124158 
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'. , NOMENCLATURE 

a; oonstant to be evaluated in Eq. (40), 

b H, It " " H " n 

0 It It ,n .. .. " .. 
d II " " " " It " 
D pipe diameter 

Cp~ speoifio heat at oonstant pressure 

f fanning friotion factor 

£(~) function defined by Eq. (42) 

F(~ function defined by Eq. (36) 

h heat transfer coefficient 

. n empirical. constant defined by Eq. (20) 

k thermal conductivity 

p pressure 

(q/A) heat flux 
\ 

{q/A)o heat flux at the wall 

r radius within the wall 

ro radius of pipe 

s em~Pical constant defined by Eq. (17) 

T t~e~ean local temperature 

To wall temperature 

viii 



Tm bulk mean temperature 

t ~ime 

u radial component of time-mean velocity 

w axial component of time-mean velocity 

W mean value of w 
+ . 

y. 'dimensionless distanoe from wall·in :tuJ.iversal 

velocity profile 

:y distance from wall 

z axial position in the pipe 

Greek Letters 

eX. thermal molecular diffusivity) ,\c.lg Cp 

Eh thermal tUrbulent diffusivity 

f m momentum turbulent diffusivity 

1/ momentum molecular diffusivity, 

'l ' dimensionless radius within the 

e dimensionless lOcal temperature 

~ dynamic viscosity 

~ 'mass density 

\'/~ 
pipe 

.<: transfer of z-direct1onal momentum inr direction 

-Co sheitr stress at ~he wall 

1% 



Dimensiohless Parameters 

Nu NU6sel t number, hD/k 

Pe Peclet number, (Re) , (Pr) 

Pi- Prandti number" Cp~/k 

Re Reynolds number, WD/~ 

Subscripts 

: ..... 

"H the constant .heat flux value 

" , 

n ,n ,wall, temperature value 

h th~rmalvalue, 

, m ,momentum value, mean value, 

lam laminar value, ' 
'. ; 

apI>, " ,turbulent value" ' 

o value at ,the wall 

c value at ,the center line 
" 

r radial value 

. ,,' . . 

Superscripts 

" fluotuating component 
:", ",' , , 

time-mean value 

x, 

.... ~-



I. I~TRODUCTION 

Seba.n and"Shimizaki (2) made the first attempt'to 
" , . 

investigate the rate of heat transfer toflliids.floTdng 
! 

turbulently in a pipe with the VIall' at uniform tempera

ture. They foliow.ed an analyti~8.l· me~hod in T{hich the uni

versal velocity profile was used to obtain "a solution for 

the Nusselt number. The eddy diffusivitieswer~assumed 

to be equal. Momentum transfer by eddy diffusion in t11e 

laminar subla.yer,· and momentum. transfer by molecular dif

fusion in t~e turbulent ·core "werre neglected. Martinelli fS 

, ~i:form heat fluX solution was used as the first 'approxi-

mation for t~mperature distribut7ion.·The authors were' the 

first to point out the difference b.etween the heat trans-

fer rates Tii th uniforml'lall .. temperatl;U'e and uniform heat 

flux, especially at low.Pra.ndtl numbers. The ratio between 

the heat transfer coefficients 'for the two cases 'was shown 

to have a maximum value of 1.37, with th.e coefficient f"or 

the uniform wall temperature case being the smaller of·the 

two. ~orPrandtl numbers less than 0.1, their results Wer&' 

correlated with the foiioWingempiric81 relation 

. , 

]. 



(pe)O.~ Nu = 5.0 + 0.025 

. for which the maximum deviation is 6 percent. 

Sleicher and Trib~s(3) investigated the case of: 

uniform wall temperature in the theI".IIlSl entry r~gion, from 

which· other solutions ,can be .obtained by the.method of su

perposi tiona 'Their solution degenerates asyp'Gotically to 

th~ fully-developGd so1ution. They used the method of sep-

aration of variables to solve the energy~quation. The re';" 

sulting eigenvalues. and constants were evaluated by using 

2 

an analog computer. The ratio of eddy diffusi~ities suggest

ed by. Jenkins (4) was used after oorrection based on the 

experimental resuJ.ts of Sleicher. (5). For Prandtl numbers' 

leas 'than 0.05, the'results of uniform wall temperature are 

pr~dicted within 2 perce~t by 

0.91 
. Nu=6.3+0.016, (Pe) 

0·30 
CPr) ...•. , 

The'authors alsC) presents. plot of the ratio between the' 

NUsselt.numbers for ,constant.waJ.l. temperature and constant 
,. . j 

heat £~ux versus Reynolds number. 

Th$ present analysis is aimed. to pred:i:(ji; the heat 

transfer coeffici~nts for fully de\te:toped turbulent 'pipe 
I. . 

flow under coridi tionof llIti.:f'orm wall temperaiiure, and is 
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similar to the work of Seban and Shimizaki (2). The prin-

ciple diff'erence is that the present analysis uses the Pai 

velo~ity profile, whereas Seban and Shimizaki use the uni-

versal velocity prof'ile. 

The Pai velocity profile, to be discussed in detail 

later, is continously differentiable over the entire pipe 

cross section and fits the .. physical boundry conditions. Be-

cause of its algebraic Simplicity, all physical variables 

may be maintained in the analysis. The Pai profile was also· 

used by Haberstroh and Baldwin (6) for the uniform heat flux 

case. Their results are in good agreement with some well 

knom analogies. 

The energy equation is numerically integrated by 

means of an iterative method using a digital computer. The 

turbU1ent pipefJ.olV' is assumed to be steady, and thermally 

and hydrodynamically full;y deveJ.oped. The ra1iio Of the ed-

dy diffusivities is taken tc;> be unity. Axial conduction·is 
, t '. I . 

neglected, and the flow is assumed to be axisymmetric .wi th 

constant fluid properties. 

Since the solution of the energy equation requires 

the momentum results, the Pai profile is presented next. 
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II. THE MOMENTUM EQUATION 

A. The PaiPro~ile 

. The laminar momentum equation ~or steady, fUlly de

veloped, two dimensional, constant property £low is 

Transfer o£ z-directional momentum in the radial direction 

is by definition 

Therefore 

. dw 
L --u-. 

\.Om- \ d'Z. .. 

The sh~ar stress at wall is defined as 

From the momentum equation 



Then the laminar momentum. equation becomes 

t (rG ) = 2 (Z ) L . 
dr lOM 0 lam ro 

(1) 

-The turbulent momentum equation may now be put down by ana-
, ' 

\ 

" 

where the apparent momentum transfer is 

or 

. '( dUj - ,,) L :.-~-- p uW • 
~ff clr l 

EddydiffuSivity for momentum is defined as 

Therefore 

(2) 

,j,:-' 



The bar on the.meanvelocity)~will now be dropped for the 

sake of simplicity. The momentum equation can be rewritten 

as 

Integrating Eq. (4) once 

'2. -
I r (1) + E. \ d LA.) - (7 ) l.- + c. - f \. m} d ,- - Lot u r (" 0 

Using the boundry condition 

r=O ~=O 
dr 

the constant c vanishes, ·giving 

Introducing the dimensionless radius '1 :.=. L . . ro 

(5) 

Since ~here are two UIliOlovvnS inEq. (5), namely the eddy 

diffusiv£ty of momentum and the velocity gradient, it is 

not possible to obtain a unique solution from the momen-

6 



tum equation. Pai (1) assumed the velocity profile to have 

the follo\ving form 

~= [1-
. 0e. 

'2. 2n] c:. . n - ":"? nC' ~ t L-. 

(6) 

which satisfies the condition of symm~try at the center 

line,' and is forced to satisfy the other physical condi-

tions at the wall as follows 

tu--=o (7-a) 

(7-b) 

The empirical constants ci and o~ can be determined from 

Eqs.(7-a and b). To satisfy the first condition 

(&) 

Substituting 0'2 from Eq. (8) into Eq. (6) yields 

The second condition can be satisfied by differentiating 

Eq. (6) and evaluating for' yt=l 

7 



Differentiating Eq. (5) and evaluating for '1.::' l 

Equating (9) and (10) gives 

Therefore 

f /"" "'\ \. ---... ..... ,i-t ..... r 

/"7') L 
\. \".,.; tur '-' n - -------

? we P 
c -= , 1 n-1 

r c" 

.. 

(10) 

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

If we define 

then 

We now have 

(lo)J..:ur ro 

'2 1...IJc. ~ 

(11) 

(12) 

8: 



and 

c::. -1 
n-~ 

The resulting dimensionless Pai profile is then 

n - S '2. S-l. -an 
w- 1 - '1 'l we. - r'I-l·- n-l 

9 

(13) 

(14) 

(15) 

The parameters nand s are empirically determined functions 

of the Reynoldsnumber alone, as will be sho\v.n later. 

B.Features of the Pai Profile 

The Pai profile is continous over the whole section. 

It satisfies the following three physical boundry conditions 

1.=0 dw-= 0 
drt 

'1 = I w;:;.O 

rc=-l E: •. " 0 • 

The first boundry condition implies that.the slope is zero 

at the center line. This condition is not met by the u-~i-
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vers~l velocity pro£ile which has a finite slope at the cen-

ter line and hence a discontinuity. The universal veloc'ity 

profile has two more discontinuities, one between the tur-

bulent. core and the buffer zone and another between the bU£~ 

fer zone and the laminar sublayer. 

Since the constant s represents the ratio between 

the turbulent and laminar wall '~hear stresses, when the two 

wall shear stresses are equal, the profile degenerates to 

the laminar profile. Thus' wi'th s:: 1.0 

(16) 

1. Determination of Parameterss and n 

The parameters s can be expressed as a function 

of Reynolds nuinber only, as £ollows 

S' ': ("[0) hr -= Ceo) ~ur ro -::. 
(Lo) \.o.rt\ 2. We. p 

(17)·· 

It can' be shoWll, that the parameter n is also a function o£ 

Reyriolds number only. The mean velOCity oYer the cross sec-
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tion is given by 

,', ' I 

W = Z ) W'1 d~ · (18) , 
o 

Substituting for w from Eq. (15) and integrating gives 

w_ -- n+5 
'2. (n+\) 

• 

Solving for n and substituting for s fromEq. (17) 

.:fu. (Re)-1 
n::: '~---- 1 W • 

1. - a vi 

(19) 

(20) 

With two experiments,· one for the friction factor 

and one for the mean-to-maximum' V'eloci'tyratio, the,para

meters n' and s may be easily determined. Brodkey _ (7) caJ.~ 

culatedthe values of n and s,from,:experilnentaJ. data. He 

noi;es that for the higher Reyp.()ld$:'numbers" the value of 

the, Pai ve:toci ty profile n~ar the wa:ll.. p,ec6mes, higher 

than the experimental value. The ma~d.muiD. 'dev,iation' oc-

+ ' 
ours at about a 'j of 75 for Reynolds numbers greater than 
's' : 

10 '. He also remarks that the Pai <pJ:'ofile ,represents the 
. "' . 

velocity distribution over' most- of the turbulent core at 

all R~ynoldS numbers.' Haberstroh arid:Baldwin" (6) compare 

the, Pa:t velocity profile tb experim€ntal. profiles and con..;.. 



clude that the universal velocity profile is in g,eneral a 

better approximation than the Pai profile. 

Brodkey (7) gives a plot of the parameters nand 

s versus Reynolds nymber. He also suggests the follovdng 

correlations: 

- ~ 0.'&33 
S = 0.585 + 3.172 x 10 (Re) Re < 28pO 

s = 2.417 x 10~\a (Re)~'S\ 2040 < Re <. 2800 

s == 1 Re <. 2040 

n= ,-

The first two equations have average deviations of 2.3 

and 5.1 percent rE.7spectively and the last one has an av-

erage deviation of 2~9 percent. 

The values 'Of n and s sugge'sted by Haberstroh 

'and BBldwin (6) were used in the present analysis. These , 

:yaluesare, given in Tablel~ 
.) :" 

2.: The Eddy Diffusivity for Momentum 

The Pai assumes zero eddy diffusivity for momen-, 

tum at thi wall, as indicated before. This compares to an 

eddy diffusivity'ofmomentum of zero for the whole ~aminar 



J.3 

, Re n s 

Laminar 1.00 
/ 

2000 9.25 1.D4 

3000 3.31 2.86 

8000 9 .. 00 6.43 

J.OOOO 100:93 7056 

30000 ~6.5J. 17.60 

50000 39.91 26.62 

·70000 52.18. 35.04 

100000 69.27 46.97 . 

300000 165.J.2 116.40 

500000 247.00 177083 

., 

Tab1e1 The values of the flow parameters 

for the Pai velocity profile 



sublayer of the universal velocity profile. The eddy-to~ 

molecular momentum transfer ratio can be determined from 

the Pai profile. Combining Eq. (5) with Eq. (11) .and Eq. 

, (12 ).gi ves 

(21) 

Differentiating the veloCity profile and combining with 

Eq. (21) yields' 

f~ _ . ~(f"\--I) ~ 1 
1) - n-c:.;-n(s-')r(~n-\. 

(22) 

whicll :p.as the foliowing values at the wall and the center 

line, 

rt::: 1 ~-O A,J-

fl= 0 
E.N\ _ n (5 - ,) 

Co --11 n-~ 

. 
The eddy diffusivity-o£moIrientum fo~ the universal profile 
-, + 

becpmes discontinous ~t 'j =S and goes to minus 1 at the cen-
-

ter line; whereas the eddy diffusivity of momentum for the 

Pai profile is continous over the whole pipe section and 

has a non-negative value at the center line. 

I 
.1 
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III. THE ENERGY EQUATION 

A. Laminar and TurbUlent Energy Equations 

The laminar energy equation ~or a steady, two di-

mensional, oonstant property ~lo~ is 
".; I 

", '. 

a 
where the axial oonduction ter.m,kO~, is usually neglected. 

QZ 
The Fourier's law of heat conductio:ngives 

Wi.th E_q. (23) and with the ,axial conduction term neglected, 

the energy equ~tion becomes 

The.turbulent energy equation may now be put down by ana~ 

logy,. as 

where the apparent heat flux is given by 



Eddy diffusivity for heat is defined as 

Then 

u/T' 
(L~- - • 

n aT 
oi " 

combining with Eq. (24) gives 

(25) 

(26) 

The bar on the mean quantities, w and T, will be dropp~d 

hereafter. The boundry conditions are 

r = 0 

.-

r!:.. :. 0 ar . 
T =\0 (constant) .. 

Bo Thermally Fully Developed Flow 

Thermally fully developed flow is defined as 

(27-a) 
,,' 

(27-b) 

16 
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(28) 

Then 

or 

(29) 

Since wall tempera~ure constant 

andEq. (29) becomes 

(30) 

dT~ is not afunotion of radius, r, and ordinary-deriva
dZ 
tives may be used for this term instead of partial deriv-

atives. The energy equation now becomes 



Co Integration of the Energy Equation 

.:. The .energy equation can be put in dimensionless 

form as follows 

or 

(31) . 

From an energy balance 

.or 

d T m = 2. (9/")0 
d'Z f ~ vJ" ro 

(32) 

substituting Eq. (32) into Eqo (31), and using 

one obtains 



d f( E'rI) del t.:.\ We. W ('\ - L \ + - n - .1 = - ,~u - - 1. CJ • drt C( l d ~ W We. 

The boundry,conditions become 

~-:: 0 
d~ 

e :. 0 .' 

Integrating Eq. (33) once yields 

A second integration gives 

1.9 

(33) 

.. (34) 

Now the Pai momentum results are used together with the as-

sumption of equal eddy diffuSivities for heat and momentum. 

From Eq'. (22) 

E.~ f. S(n-l)· 
a', h_ _\, 

1; =- 1.) - n-~-+n(S-I)rfn-'2 

and from Eq. (19) 

.\N _ ~+S 

~ - '2(n+\)' 
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substituting into Eqo (34) gives 

If the integral on the right hand side C?f Eqo (35) is call

ed F ('{), 

then 

. Since' F (r~) conta,ins the unknown, e, an i terati va: prooedure 

must be used for the solution of Eqo (37). Qnce, a value of 

e is assumed, Nu number can be calculated as follows 

and. since 

(38) 



21 

The next approximation to e can be found by Eq. (37) after 

the integral F (1) is evaluatedo The iteration continues 

until the difference between successive Nusselt numbers 

becomes insignificant o The proced~re for the evaluation 

of the integral F (~) is presented in the next section~ 

~----
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IV. THE COMPUTER PROGRAM 

A. Procedure 

In the computer program a s.omewhat different i tera

tion .procedure was followedo In this method, the mean value 

9f the dimensioniess temperature profile is first calcu-

l.~ted. 

I. The Mean Value of the Dimensionless Temperature Dis-

tribution 

By definition 

and also. 

substituting the equivalent of e from Eq. (37) 

. 

Nu ~~ F('1)*c.1 a~ 
. . \~ ~~ ~ etc{ 

-:: 1 • 

Substituting the Pai velocity-profile; :fronF,Eqo (15) 
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integrati~g the denominator'and solving for Nu gives 

• (39) 

First a dimensionless temperature profile of the 

'form 

, (40) 

was assumed. For the lowest Reynolds number used, this 

starting temperature profile was a third degree polyno-
, . 

mial approximation of the laminar temperature profile 

for the case of constant heat flux. For the higher Reyn~ 

o~ds n~bers, the temperature profile of the previous 

cas,e was used as the starting profileo The tirst inte-

grfll i)1 Eqo (36) was integrated in closed form and caJ.l-

ed' f (1.), ~iving 
, ~ 



where 

.s: (\-~ "'" s,- \ an~'2) 
- Cl ( '2. - 4-(n-\) rt - (n-I)(2n+ 2) tt -t 

b ~ h-ss S-' ?n-T~) 
,Ji (i -,15(0-\) 'l- (0- 1)('2.0+3) 'l ,+ 

(42) 

S·:o 
, l' :, 

The Simpson rule was used to integrate Eq. (141)' 

numerically for given Prandtl and Reynolds numbers,the 

lat'er determining the values of ,n ~d So Since the lower 

limit of the integral is not definite, it was necessary 

to integrate F (~) for. a suf:f'iciertt number of'different 

values of the lower limito This resulted in a set of val-

ue~ rather than a unique value, the set giving the tem-

perature profile after multiplying by the Nusselt number 

according to Eqo (37) .. The values ass'igned:tothe lower 

limit v,aried between zero and unity," sinc~ 0 ~ fo : ~ ,\ • 
After oompleting a set of calcul.at,ions, 'the number of v~-

, ues _ used as the lower limit was doubled, and Nussel tnum-

24 



ber reeaJ.culated. This procedure was repeated until the 

differenoe between suocessive Nusselt numbers was less 
, 

.than 0.01. A similar procedure was used in connection 
, . '.' , '. " ' "," 

with the number of integration increments use~ in .the 

numerioal integration of F (~). Thus the total number 

of inorements used were equal to the produ~t of the 

number of lower limit intervals and the number of inte-

gration increments. This t6tal.number beoame ·so large 

for high values of Prandtland Reynolds numbers that 
, 

it was not possible to cover Reynolds numb~r.greater 
\ 

thali :5.~t6~,i': 

For the purpose of using ~n the caloulation of 

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

scribed in· the next seotion, a third degree polynomial 

was fitted through . those values obtained.· from the nu~ . 

/ merical 1ntegratiop. of F (rt), in ~he form 

A third degree polynomial -,vas.ohosen beoause it gives 
-

the least root mean square for all Pr numbers used. This 

polynomial tUrns out to be a~ost exaot for Prandtl num

bers less than 0010 For Prandtl numbers larger than ., 

25 



0.5, a higher degree polynomial would have been a better 

choice, but since the region of major interest is the liq-

ui~ metal range, the same degree polynomial was used for 

ali cases. 

- ... ~ 
CQlc~ation of the Nusselt NHmber and the Temperature 

Profile 

After combining Eq. (~5) with Eq.(39) and substi

tuting F (~) in polynomial form one obtau:s 

Car~ing out integration gives 

The first approximation w,as obtained for the Nusselt num-

be~ by using Eq.(45) and t~e temperature profi~e was ad-

justed according to Eq. ·(37)0 The adjust~d profile was 

then used for the next evaluation of F (~) and the Nusselt 
~~--

number. Thi$ iteration sche~e w~s oontinued until the Nus

se~t numbers of sucoessive iterations differed by no more 

26 
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than 0.1 percent. 

4. Reduction to the Laminar Case 

It was before shown that the Pai velocity profile 

degenerates to the laminar velocity profile 

27 

at a ReynoJ.dsnumber of 2000. Other laminar relations can 

be obtained by setting s equal-to unity in Eqs. (42), (41) t 

and (39), giving 

(47) 

and 

(48) 

The computer calculations gave a ~usse1t number of~.656 
I -

for t:b.e:1aminar case comp~red to the accepted value 3.:658. 

_~he:di::rference.;.:.be;tvieen,tll~ ytwovalues is 1t3~s, than 001' , 

percent. 
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B. Evaluation of the Program 

The number of intervals used for the lower l~it 

of the integral and the number of incre~ents of the numer~ 

iCal.integration were doubled and the eff~cton the results 

checked. In this manner, use of a sufficie~t number of in-

crements was ,insured. Once the numbe~ of increments. was 

decided for a particular case, the convergence of Nussel.t 

number to its true value was obtained by iteration~ .Itera-

. tionwas continued until the Nusselt numbers of successive 

iterations differed by not more than 0.1 percent. The lam-

inar .solution obtained on the computer, .~hich showed,good 

a~eement with accepted res~ts, is a measure of the va-

l.idity of the computer program. 



29 

v. THE RESU~TS 

The calculated values of the Nusseit numbers are 

shown in Table 2. The range of Prandtl numbers wB:s chosen 

to be between zero and unity 0 . Since for l~rge Prandtl num-

bers the difference between the Nusselt numbers ofunifor.m 

wall and heat flux cas~s is not significant, Prandtl nuin-

bers larger than unity were not condisered.' As the Reynolds 

number increases the required number of integrationincre-

ments also increases, .and numerical. integra~ionbecomes 
, .,.... 5 

very tedious. Therefore Reynplds numbers larger than 5~\O 

were not covered. 

The calculated values of Nusselt number versus 

Reynolds number are plotted iz;t Fig.lo The convergence of 

. Nusselt number to its laminar value at a Reynolqs number 

of 2000 is a conseque~ceof the Pai profile used. The gen-

eral behaviour of the curves is similar to the behavior. 

of those for constant he$t flux given by Haberstroh and 

Baldwin (6). The following empirical equations may be used 

to predict the calculated values of Nusselt numbero In each 

case, ~he average deviation is shown in parantheses. 



For 005 ~Pr ~ 10 (Gases) 

O.8\:f 0.515 
Nu = 0 0 176 Re Pr (2.0 %) (49) 

For Pr ~ 0005 (Liquid metals) 

. . . O.~O~ 
Nu = 4044 + 000233 «Re - 1000)Pr) . 

or 

~u = 4.88+ 000056 Re Pr (606 %) 0 '. (51) 

, 

The Nttsselt numbers predicted by these equations, and the 

corresponding percent devia~ions are givenin:Tables 3' 

th:rou~8o" 

The pr'esent solution and the s_9l.utions of Seban-

Shimizaki(2) and Sleicher-Tribus (3) are compared in the 

~iquid metal range in Fig ·20 The first two' solution,s are 

in. good agreement except for very high Reynolds numbers. 
. . -,", 

Thedisorepancy at high Reyno1.d~ numbe:rs.may bea.res~ts 

of high velocities predicted by the Pai prof,ile at. high 
" . \ " 

Reynolds ,numbers at ~ short distance from the wallo The. 

results of the last solution differ from the res~ts of 

the first two solutions. This disagreement may be due to 

the fact that the first two solutions assume the ratio of 

3P 



eddy diffusivities to be unity wher~as the last solution 

assumes this ratio to be different than unit yo 

3~ 

For the liquid metal range.the Peclet number which 

is equal to the product of the:Reynolds arid Prondtl numbers, 

alone is a good correlating.parameter, as indicated in Figo 

3 •. Eq.(5l) is based on this observationo However,' at large 

Peclet numbers the effect of .Prandtl ~umbe~,becomes signif-

-l.cant. In Fig. 3, the prediction of Kays (8), as given by 

Nu : 408+ 00003 (Re Pr) (52) 

is alsoplottedo The difference between the :present solu

tion and Eqo (52) increases as the Peolet number increaseso 

In Fig. 4, the present results are ·compared with 

the experimental data of Colborn-Coughlan (9) and the re

sults of references (2 and 8) for a Prandtl number Of 0050 

Agreement between the data and the present calculations is 

particularly good at, transition Reynolds numberso 

The ratio between Nusselt numbers for uniform heat 

flux 'and for uniform wall temperature is plotted in Fig. ' 

5.' The results of Haberstroh and Baldwin (6) for uniform 

heat flux were used to calculate this ratiO, as they also 

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

. For fluids of large Prandtl number the two Nusselt 

numbers tend to become' equal as ReynoldS numoer-increaseso 
" 

Seban and Shimizaki (2) give the following discussion of 

this behaviour: 

n Since, for the same heat-transfer rate, 
the heat-transfer coefficient depends on the dif
ference between wa~land-mean-tempera.ture values, 
the difference in the'heat-transfer coefficients 
for the cases· considered depends upon the magni
tude of , this temper:at~re differenceD For flui,ds 
of large Prandtl number, the change in tempera
ture between walland fluid is localized in the 
s1,lblayer region imillediat'ely adj~ceri.t to the wall., 
and the temperatqre is almost const~t across the 
entire turbulent coreo Thus the magnitude of ~he 
mean temperature is'but insignificantly affected 
by variation in the temperature of the wall.. " 

This effect at large Prandtlnumbers is clearly seen. in 

temperature profile~ prese~ted in Appendif.Ao 

On the other hand, 'in the liquid metal range the 

difference between the two Nusselt numbers. is quite !3ig-

nificant.; and the' Nussel t number ratio can become even 

larger than in the case of laminar flowo As Prandtl num-

ber approaches zero, molecular diffusion of heat predom-

inates over eddy diffusion regardless of the level of 



turbulence, and the temperature profile doesilot become 

flat 'in the turbulent'core as in the case of higher 

Prandtl numbers. The effect of increased turbul~nce (as 
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Reynolds number increases) now amounts to a flatter ve

locity profile, which, one may assume, approaches a'uni~ 

form value over the cross section '(plug flOW) as a limit. 

on the basis of such an idealized model, that .of plug flow 

with heat transfer by molecular diffusion only (ioe. lam-

inar , flow), it is possible to cal~ulate a maximum value 

. for the Nussel t number ratio of uniform heat flux to uni-

form-wall temperature. Such a c slcul at ion gives 

Fig~ 5 shows. that the calQulated r~tio for Pr = 0 approach

es this limiting value as~ptotically as Reynolds number 

increases. 

The curves of Fig. 5 are qualit~tively in good a-

greement with similar curves presented by Sleicher and 

Tribus (3). 

Numerical values of the Nusselt number ratiOS are 

g1 ven in Table 9. Base on the nUmerical Value,~, the' curves 

of'Fig. 5 have a maximum error of 4 percento 
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The temperature profiles for all oases oonsidered 
/ 

I are presented ,in Appendix Ao It was before pointed out that 

as the liquid metal region is of primary interest, a third 

degree polynomial apprqx1mation was used for all cases ,even 

through a higher degree would have been better for Pr == 005 

and Pr= 10 This explains the seatles observed in the tem-

perature profiles at those two Prandtl numberso 

I ' 
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r 00 0005 

0 3.658 30658 30658 30658 30658 30658 3.658 30658 

0 40429 40446 40512 40592 50144 50705 80663 11027,6 
"'C; 

'0 40805 40862 50098 50381 70323 90274 190439 270393 

10 40842 4~913 5.196 5.539 70913 100341 ~2.595 320960 

iQ 50016 5.233 6.095 70143 14.472 200429 520984 790699 

10 50078 . 5.438 6.854 8.549 190701 28.888 81.159 122.473 

10 5 .. 113 5.605 70515 90807 . 250743 38.542 1060354 1610137 

10 5.148 ' 5.844 80574 110549 310711 500836 . 143.817 

)0 50237 70197 140957 23035~ 81:013 136091 

)0 50.275 80520 200878 . 350663 131.22 

~ 2 Calculated values of Nussel t number· 
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~e/Pr 005 100 

3000 8 .. 320 12.187 

8000 18.536 27~151 

10000 220241 32.578 

30000 54.555 790911 

50000 82.798 1210281 
I 

70000 108.985 159.638 

100000 145.840 

Table 3 Values of Nusse1t number predicted 

by Eqo (49) 

Re(Pr 005 100 

3000 00039 -0 0080 

8000 0 .. 046 00008 

10000 00015 00011 

30000 -00029 -00002 

50000 -0.,020 00009 

70000 -00024 00009 

100000 -0 .. 014 

Table 4 Percent deviations for Eq-., (49) 
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Re/Pr 00001 00005 0001 01005 

3000 40481 4.600 40726 . 5.542 

8000 40559 4.897 5.257 70585 
, 

10000 40586 50005 5.449 80322 

30000 4.831 '5.944 7.127 14.778 

50000 5 .. 046 6.773 80609 200477 

70000 5 .. 248 7.548 90992 250·797 

100000 5.533 80644 110951 33.333 

300000 70197 150046 23 .. 386 770319 

500000 80673 200723, . 330528 116.329 

Table 5 ,Values of Nusselt number predicted by Eqo (50) 



Re/Pr .00001 0 .. 005 0001 0 .. 05 

3000. -0 .. 008 -0 .. ·019 ..!.() .. 029 -0.077 

8000 0 .. 062 0~039 00022 , -0 .. 035 
, ' 

10000 0 .. 066 00036 0.016 -00051 

30000 00076 0.024 00002 -00021 

50000 00071 0 .. 011 
I 

-00007 -0 .. 039 

70000 0 .. 063 -0 .. 004 -00018 -0.002 

100000 0 .. 053 -0.008 ;-00034 -00051 

300000 0 0 000 -00005 -00001 00046 
. 

500000 -00017 00007 ,00059 00113 

Table 6 Percent deviations for Eqo (50) 
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Re/Pr 00001 00005 6001 0005 

3000 40897 '40964 5 .. 048 50720 

8000 40925 5 .. 104 5.328 7 .. 120 

10000 40936 5.160 ' 5.440 70.680 

30000 50048 5.720 60560 13.280 

50000 50160 60280 7.680 18 .. 880 

70000 5.272 60840 80800 24.480 

100000 50440 70680 100480 32.880 

300000 60560 130280 11 .. 680 880880 

500000 70680 180.880 32 0 880 1440880 

Table 7 Values of Nusselt number predicted by Eqo (51) 
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Re/Pr 0.001 0.005 . 0001 0.05 

3000 -0 .. 101 -00100 . -0.099 -0.111 

8000 -0 .. 012 -0.001 0 0009 0,.027 , 

10000 0.004 0.006 0.017 0 .. 029 

30000 00035 0 .. 061 0 0081 0.082 

50000 00051 00083 0.101 .0.041 

70000 0 0059 00089 0 .. 102 0.049 

100000 0.069 ,0.104 .0009~ -0.036 

300000 00088 00112 00071 -00095 

500000 '0 .. 098 00095 00078 -0.104 

Table 8 Percent deviations for Eqo (51) 
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Re/Pr 00 00001 0.01 0005 . 005 100 

2000 1019 1019 1019 1019 1019 1019 

3000 10227 10225 1.,215 1.180 10090 10070 

10000 10282 1.,280 10254 1.180 10051 . 10032 

30000 1032 1.,304 10250 10110 10030 1.019 

50000 10325 10315 10243 I 10125 1.012 10005 

70000 1.335 10321 1.250 10090 1.010 10004 

.100000 1034 1.,323 1.265 1 .. 130 1.005 

300000 1 .. 35 10335 10255 1.,090 

'500000 10351 10330 1,,215 10034 

Table 9 Values of NVNU.T 
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VI. SUMMARy AND CONCLUSIONS 

Once the empirical constant s and n are know, the 

Pai velocity profile may be used to integrate the turbu-

lent· energy equation. 

With the.assumption of equal eddy diffusivities of 

heat and momentum, th~ energy equation may be numerically 

int~grated to give the temperature profile and the Nusselt 

number 0 

The Pai velocity profile is continous and fits the 

physical boundry conditionso But it has the disadvantage 

of predicting high velocity values for Reynolds numbers 
5 . 

larger than 10. 0 Therefore in the region of high Reynolds 

numbers the present predictio~s are higher than the predic-

tions of those analysis employing the universal velocity 

profile, which correlates experimental data more accurately 

in this regio~. 

The present calculations are in agreement with ex-

perimental data for Pr = Oo5~ For other Prandtl numbers, 

the correlation between the present predictions and exper-

imental data is to be determinedo 



The following equations may be used to obtain the 

calculated Nusselt·numbers, with average deviations as in-

dioated. 

For 0.5 ~ Pr 6 1 (Gases) 

O.,&I~ 0.1515 
Nu = 0.176 Re Pr 

For Pr ~ 0.05 (Liquid metals) 

O.'~3:f 

Nu = 4.44 + 000233 «Re - 1000)Pr) 

or 

Nu = 4088 + 0.0056 Fe (606 %) 
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APPENDIX A 

THE TEMPERATURE PROFILES 

(abscissa': diinensionless radius, yt 
ordinate: dimensionless temperature,S) 



2.40E-OO+ 
I 
I 
I 
I 
I 

Z.OOE-OO+ 
I 
I 
I~~ ~~:!: 

I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

8.00E-Ol+ 
I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.', ',' 
.', 
'0' 

.', ',' 

.', 
'0' 

.', 
'" .. , 

',' 

.', ' .. 
.', ',' 

,', 
',' 

.', ' .. 
.', ... 

.. , 
'0' 

* 
* 

.', ... 

+---------+---------+---------+---------+---------+-------~-+ 

O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol·· 8.00E-01 1.OOE-OO 1.20E-

~ANDTL NUMBER= 0.000 
EYNOLDS NUMBER= 2000.0 



~ .40E-00+ 
I 
I 
I 
I 
I 

2.00E-00+ 
1* 
I 
I 
I 
I 

1.60E-00+ \ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 

.. I 
I 

8 .OOE-O 1+ 
I 
I 
I 
I 
I 

4 .OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

* 
... , .... 

* -', .... 

-'. "-

-" .... 

... .... 

-'. ',-

-'. ',-

* .... .... 

+---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-01 4.00E-Oi 6.00E-01 8.00E-oi l.OOE-oO 1.ZOE 

RANDTL NUMBER= 0.000 
,EYNOLDS NUMBER= 3000.0 



~.40E-OO+ 

I 
I 
I 
I 

~.OOE-OO+ 

I 
I 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

B.OOE-Ol+ 
I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.' . .... 
....... ..I .. ..... ... .. 

.' . .... 
". ',-

-' . . ",'" 
.0 • ... 

-'... -
.'',-

-' . ... -

.... -.. 

* 

.... .... 

* 
* 

* +---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E-00 

ANDTL NUMBER= 0.000 
YNOLDS NUMBER= 8000.0 



2.40E-OO+ 
I 
I 
I 
I 
I :;t 

2.00E-OO+ 
I 
1 
1 
1 
1 

1.60E-OO+ 
1 
1 
1 
1 
I 

1.20E -00+ 
1 

'I 
1 
1 
1 

8 oOOE-Q 1+ 
1 
1 
I 
1 
1 

4.00E-01+ 
1 
1 
1 
1 
1 

1055E-06+ 

.' . .... 
.' . . ,' 

.'. -,' 
.'. ',' 

.' . . ,' 
.'. ',' 

.' . .,. 

.'. -,.. 

.... -,. 

" . .... 

" . .,. 

.' . .... 

... -,' 

.'-.... 

... -,' 

.'. ',' 

.'. .,. 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E-oO 1.20E-O 

'RANDTL NUMBER= 0.000 
,EYNOLDS NUMBER= 10000.0 



2.40E-OO+ 
I 
I 
I 

I 
2.00E-OO+ 

I 
I 
I 
I 
I 

1.60E-OO+ 
I' 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

8.00E-Ol+ 
I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

-', ... 

-', ',-

-', ',-
... , ',-

.', ". 

.', ' .. 

... , ,.. 

.', 
". 

... ; ,.. 

.', .,. 

.', ,,. 

... , ... 
.... ... 

+---------+---------+---------+---------+---------+---------+ 

/' 

O.OOE-99 2.00E-Ol '4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1. ZOE-OO 

ANDTL NUMBER= 0.000 
YNOLDS NUMBER= 30000.0 



2.40E-00+ 
1 
1 
1 
1* * * 
1 

2 .OOE -00+ 
. 1 

1 
1 
I 
1 

1.60E-OO+ 
1 
1 
1 
1 
1 

1.20E -00+ 
1 

. 1 
,I 
1 
1 

8.00E-01+ 
1 
1 
1 
1 
1 

4.00E-:-0 1+ 
1 
1 
1 
1 
1 

1.55E-06+ 

"-.... 

.' . .... 

* .'-t' 

.'',' 

* 

.'. ,,' 

.''t' 

.', .... 

." -,' 

* 

+---------+---~-----+-~-------+---------+---------+---------+ 

O.OOE-99 2.00E-01 4.00E-Ol 6.00E-01 8.00E-01 1.OOE-oO 1.20E-OO 

)RANDTL NUMBER= 0.000 
~EYNOLDS NUMBER= 50000.0 



2.40E-OO+ 
I 
I 

I 
I 

2.00E-OO+ 
I 
I 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

8.00E-Ol+ 
I 
I 
I 
1 
1 

4.00E-Ol+ 
I 
1 
I 
1 
I 

1.55E-06+ 

* 

-' . . ,. 

* 
.... ',-

"' . .... 

.... . ,. 
.... .,-

* 

-' . .... 
+---------+---------+---------+---------+---------+-----~---+ 

o .OOE -99 2.00E-Ol 4.00 E-O 1 6.00 E-O 18.00 E-O 1 1. ODE -00 1. 20 E -00 

\ANDTL NUMBER=' 0.000 
EYNOLDS NUMBER= 70000.0 



2.40E-OO+ 
I 
I 
I ~~ 
I 
I 

2.00E-OO+ 
I 
1 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
1 

1.20E-OO+ 
I 

° 1 
1 
I 
I 

8 .OOE-O 1+ 
1 
1 
I 
I 
1 

4.00E-01+ 
1 
I 
I 
I 
I 

1.55E-06+ 

* 
." ... 

* " . .... 

* 
." .,. 

* 

.' . ... 

* 

* 
* +---------+---------+---------+-----~---+---------+---------+ 

O.OOE-99 2.00E-01 4.00E-01 6.00E-Ol 8.00E-Dl 1.OOE-DO 1.20E-O( 

PRANDTL NUMBER= ~ 0.000 
REYNOLDS NUMBER= lOOOOO.q 

I 

I 



2.40E-OO+ 
I 
I 
I ,'· -.' 
I 
I 

2.00E-OO+ 
I 
I 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

l.20E-OO+ 
I 
I 

. I 
. I 

I 
8.00E-Ol+ 

I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

.. I ..... 1 ... 

....... '," ... .. ' 
,'. -.' 

", .,. 
" . .,' 

,'. -,. ... .,' 

,'. 
'.' 

,'. -.' 
, .. -.' 

,'
." 

,'. -,. 

... -.' 
,' . ... 

... ... 

... -,. 

... ... 
... ... 

* +---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 l.OOE-OO 1.20E-0 

PRANDTL NUMBER= 0.000 
\EYNOLDS NUMBER= 300000.0 



2.40E-00+ 
I 
I 
I:;: 
I 
I 

2.00E-00+ 
I 
I 
I 
I 
I 

1.60E-00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 

. I 
I 
I 
I 

8 .OOE-O 1+ 
I 
I 
I 
I 
I 

4 .OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

" . .... 
.'. ''-

.' . . ,.. 

-' . .... 

.... .... 

.' . .... 

.' . .... 

* 
.' . .... 

.... 
',' 

* 
-'. .... 

* 
+---------+~--------+---------+---------+---------+---------+ 

0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-01 8.00E-01 1.OOE-oO 1.20E 

)RANDTL NUMBER= 0.000 
l,EYNOLDS NUMBER= 500000.0 



~ .40E-00+ 
1 
1 
1 
1 
1 

~ .OOE-OO+ 

1 
1 
1 
1 

1.60E-00+ 
1 
1 
1 
1 
1 

1.20E-00+ 
1 
1 
r 
1 
1 

8.00E-Ol+ 
1 
'1 
1 
1 
1 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55 E,-06+ 

... ..., .......... 
'" ' .. 

." ' .. 
* ... .,. 

'" ' .. 
.... ... 

.... ... 

.... ... 

* 
.', 
'.' 

'" ... 

* 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.00E-OO 1.20E-o 

~ANDTL NUMBER = 
=YNO LD S NUMB ER = 

.001 
3000.0 



~.40E-00+ 

I 
I 
I 
I 

~.OOE-OO+ 

I 
I 
I 
I 
I 

1.60E":00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
1 
I 
I 
I 

8 .OOE-o 1+ 
I 
I 
I 
I 
I 

4 .OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.... .... 

* 
.... -... 

* .... .... 

* 

.'-.... 

* 
* 

+---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-Ol 4.00E-Ol,6.00E-Ol 8.00E-ol 1.00E-oOl.20E-oC 

RANDTL NUMBER= 
EYNOLDS NUMBER= 

.001 
8000.0 



.40E-00+ 
1 

"I 
1 
1 

~.OOE-OO+ 
1 
1 
1 
1 
1 

1.60E-00+ 
1 
1 
1 
1 
1 

1.20E-OO+ 
1 
1 
i 
1 
1 

8.00E-Ol+ 
1 
1 
1 
1 
1 

Lr.OOE-Ol+ 
1 
I 
I 
1 
I 

1.55 E-06+ 

.', .... 

* .', .,. 

.', .,. 

... ... 

, 
J 

'" ',' 

.', ',' 

.', ' .. 

* 
.', .,. 

+---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-014.00E-Ol 6.00E-Ol 8.00E-0 1 1.00E-00 1.20E-o 

K ANDTL NUMB ER = 
EYNOLDS NUMBER= 

.001 
10000.0 



.40E-00+ 
1 
1 
1 
1* . * t.,: 

1 
~.OOE-OO+ 

1 
I-
I 
1 
1 

1.60E-00+ 
1 
1 
1 
1 
1 

1.20E-00+ 
1 
1 
1 
1 
1 

8.00E-01+ 
1 
1 
1 
1 
1 

4.00E-0 1+ 
1 
1 
1 
1 
1 

1.55E-06+ 

,~ .,. 

,-. ... 
,-. . ,. 

... ... 

,-. ... 
~ -,' 

... ... 

... ... 

* 
... 
-f' 

* 

* 
* +---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E-oO 1.20E-OO 

RANDTl NUMBER= 
EYNOlDS NUMBER= 

.001 
30000.0 



.40E-00+ 
I 
I 
I 
I ·'· ',' 

I 
~.OOE-OO+ 

I 
I 
I 
I 
I 

l.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

8.00E-Ol+ 
I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

.' . .... 

.'. ',' 
,' . . ,' 

,' . . ,' 

.,. 
',' 

". ',' 

,' . . ,. 

* 

.... 
',' 

+---------+---------+~--------+---------+---------+-----~---+ 
O.OOE-99 2.00E-01 4.00E-Ol 6.00E-01 8.00E-O 1 1.OOE-OO 1.20E-G 

~ANDTL NUMBER= 
cYNOLDS NUMBER= 

.001 
50000.0 



.40E -00+ 
I 
I 
I 
1;;: :!: * 
I 

.OOE-OO+ 
I 
I 
I 
I 
I 

.• 60E -00+ 
I 
I· 
I 
I 
I 

l.20E-00+ 
I 
r 
I 
I 
I 

S .OOE-O 1+ 
I 
I 
I 
I 
I 

ir.OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

* 

-' . . ,' 
,' . ... 

... . ,. 

,'. ',' 

... .. ' 
,' . . ,. 

.... ... 

'" ", 

* 

* 
,', ", 

* 
* 

+---------+---------+---------+---------+---------+-~-------+ 

0.00E-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.OOE-oO 1.20E-oO 

~ANDTL NUMBER= 
:YNOLDS NUMBER= 

.001 
70000.0 

I 



.40E-00+ 
I 
I 
1* 
I 
I 

.OOE-OO+ 
I 
I 
I 
I 
I 

.60E-00+ 
I 
I 
I 
I 
I 

,.20E-00+ 
I 
I 
I 
I 
I 

3.00E-01+ 
I 
I ' 
I 
I 
I 

~.OOE-01+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

.' . .,. 

.' . . ,. 
-' . .,. 

* -' . . ,. 

.' . .,. 

.'. ''-

* 
." ... 

.' . .... 

* 

* 

* 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-01 4.00E-01 6.00E-01 8.00E-0 1 1.00E-00 1.20E-00 

A.NDTL NUM8ER= 
YNOLDS NUMB ER= 

.001 
100000.0 



2.40E-OO+ 
I 
I 
1* 
I 
I 

2.00E-OO+ 
I 
I 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

8 .OOE-O 1+ 
I 
I 
I 
I 
I 

4.00E-01+ 
I 
I 
I 
I 
I 

1.55E-06+ 

-', ... -

-" ',-
.', ',-

", ,,.. 
.', ... -

.', ',-
-" ',' 

.', ',.. 

.', .,.. 

.', ... -
.... ',-

_ ... . ,.. 

-" .,.. 

-'. .,. 

-'. .,. 

* 
* +---------+---------+---------+---------+---------+---------+ 

0.OOE-99 2.00E-01 4.00E-01 6.00E-Ol 8.00E-ol 1.OOE-oO 1.20E-oO 

RANDTL NUMBER= 
EYNOLDS NUMBER= 

.001 
300000.0 



.40E-00+ 
I 
I 
1 _'--,-
I 
I 

.OOE-OO+ 
I 
I 
I 
I 
I 

.• 60E-OO+ 
I 
I 
I 
I 
I 

.• 2QE-00+ 
I 
I 
I 
I 
I 

l.OOE-O 1+ 
I 
I 
I 
I 
I 

t .OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

... t ...... 1 .. 

','" ' ... 
-'--,-

-'... -
-'--,-

-'--,-

-'--,-

-'--,-
-'--,-

-'--,-

-'--,.. 

-'--,-

-'--,-

-'--,-

-'--,-

-'--,.. 

-'-.... 

-'--,-

-'.... 
+---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.00E-DO 1.20E-OO 

ANDTL NUMBER= 
YNOLDS NUMBER= 

.001 
500000.0 



.40E-OO+ 
1 
1 
1 
1 
,I 

.OOE-OO+ 
1 
1* 
I 
I 
1 

• 60E-OO+ 
1 
I 
1 
1 
1 

,.20E-OO+ 
1 
I 
I 
1 
1 

3.00E-O 1+ 
1 
1 
I 
1 
1 

4 .OOE-O 1+ 
1 
I 
1 
1 
I 

1.55E-06+ 

... ' ..... 1 ... .. ,.. .. , .. . ... -,' 
.'. -... 

.'-... 
* 

* 

." ... 

* 

.'-... 
.''0'" 

.' . .... 

* +---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.OOE-DO 1.20E-OO 

~I\NDTL NUMBER= 
:YNOLDS NUMBER= 

.005 
3000.0 



·40E-00+ 
I 
I 
I 
I 
I 

.OOE-OO+;'< 
I 
I 
I 
I 
I 

. • 60E-00+ 
I 
I 
I 
I 
I 

L.20E-00+ 
I 
I 
I 
~ 
I 

3.00E-Dl+ 
I 
I 
I 
I 
I 

i-.OOE-O 1+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.. I .... .... ....... ... ... 

.'-.... 
-'... 

.'-.... 
.'.... 

.'.,' 
.' . . ,' 

.'-,' 
... 
',' 

.''.' 

.'... 
.'-.' 

.'',' 

.'.... 

* 
.'.... 

.' . ... 

+---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E-oO 1.20E-OO 

ANDTL NUMBER= 
YNOLDS NUMBER = 

.005 
8000.0 



:.40E-00+ 
I 
I 
I 
I 
I 

~.OOE-OO+* 

I 
I 
I 
1 
I 

l.60E-00+ 
I 
I 
I 
1 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

B.00E-01+ 
I 
I 
I 
I 
I 

4.00E-01+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

.. I, ... ' , 
'"'.'" ... .. 

.. I .... I, 

...... "I" 

"',' 

,' . ... 
.... 
',' ... ... 

,'. 
',' 

* 
.... .. ' 

, .. .. ' 
.... 
'f' 

,' . ... 

* 
.... ... 

,'. 
'f' 

* 
,' . ... 

:.. . .. ' 
+---------+---------+---------+---------+---------+---------+ 

o .OOE-99 2. 00E-01 4.00 E-01 6.00 E-O 1 8.00 E -01 1. ODE -00 1. 20 E -00 

A.NDT L NUMB ER = 
YNOLDS NUMBER= 

.005 
10000.0 



·40E-00+ 
1 
1 
.1 
1 
I::;: :!::!c 

.OOE-OO+ 
1 
1 
1 
1 
1 

.60E-00+ 
1 
1 
1 
1 
1 

.• 20E-00+ 
1 
1 
1· 
1 
1 

I.OOE-01+ 
1 
1 
I 
1 
1 

t .OOE-01 + 
1 
1 
1 
1 
1 

1.55E-06+ 

-'--,-

-'--.. 
-'--,-

* 
+---------+---------+~--------+---------+---------+~--------+ 

0.OOE-99 2. 00E-01 4.00 E-01 6.00 E-O 1 8.00 E -01 1.00E -00 -1. 20 E -00 

ANDTL NUMBER= 
YNOLDS NUMBER= 

.005 
30000.0 



·40E-00+ 
I 
I 
I 
I':: 
I 

.OOE -00+ 
I 
I 
I 
I 
I 

.60E-00+ 
I 
I 
I 
I 
I 

.20E-00+ 
I 
I 
I 
I 
I 

• OOE-O 1+ 
. I 

I 
I 
I 
I 

.OOE-O 1+ 
I 
I 
I 
I 
I 

.• 55E-06+ 

.', .,. 
.~ 
',' 

.', .,. 
.', .,. 

.', ',' 

.', .,. 
.', .,' 

.', ' .. 

* 
.', .,. 

.', .,. 

.', ', . 

.', ' .. 
.', 
'0" 

.', ',' 

.0,. .,. 

.', ' .. 
+---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-Ol 4.00E-01 6.00E-01 8.00E-Ql 1.00E-oO 1.Z0E-00 

d\JDTL NUMBER= 
(NOLDS NUMbER = 

.005 
50000.0 



.40E-OO+ 
I 
I 
I 
1* 
I 

• OOE-OO+ 
I 
I 
I 
I 
I 

• 60E-00+ 
I 
I 
I 
I 
I 

• 20E-OO+ 
I 
I 
I 
I 
I 

:.OOE-Ql+ 
I 
I 
I 
I 
I 

~.OOE-Ol+ 

I 
I 
I 
I 
I 

l.55E-06+ 

~, .... , ...... .... .. 

..... ..,.. 
.> • .... 

.... .... 
.> • .... 

.>. 
'r 

.... . ,' 
.... .... 

.'. '>' 

.> • . ,' 
.>. 
'r 

.> • .... 

.' . .... 

.>. 
',' 

.> • . ,' 
+--------~+---------+---------+---------+---------+---------+ 

O.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.00E-oO 1.20E-oO 

fl.NOTL NUMBER= 
YNOL OS NU(Vl BER = 

.005 
70000.0 



.40E-OO+ 
I 
I 
I 
I:::, ~:~ ~:, 

I 
.OOE -00+ 

I 
I 
I 
I 
I 

.60E-OO+ 
I 
I 
I 
I 
I 

• 20E-OO+ 
I 
I 
I 
I 
I 

.OOE-o 1+ 
I 
I 
I 
I 
I 

·.OOE-o 1+ 
I 
I 
I 
I 
I 

.• 55E-06+ 

.... 
',' 

,'. ", 

,'. -,' 

'" -,' 

", ',. 
'" ',' 

.... 
", 

.... -,' 

.' . ., . 

". ,,. 

,'. ", 

," ,,' 

,'. ,,. 

,'. ", 

,'. ,,. 

* 
.... .,' 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.OOE-DO 1.20E";"OO 

INOTL NUMBER= 
(NOL OS NUM BER = 

.005 
100000.0 

.1 



.40E-00+ 
I 
I 
I 
I ~:< 

I 
• OOE-OO+ 

I 
I 
I 
I 
I 

• 60E-00+ 
I 
I 
I 
I 
I 

.20E-00+ 
I 
I 
I 
I 
I 

• OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I, 
I 
I 

.55E-06+ 

.... ... 
.'... 

" . .. ' 
* 

.'... 
.' . ... 

.... .... 

" . .. ' 
.'. '.' 

, .. I .. , ... 
.'' .. 

.' . ... 

.'',' 

.'.. ' 
.' . ... 

+---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E-DO 

NDTl NUMBER= .005 
NOlDS NUMBER= 300000~O 



.40E-00+ 
1 
1 
1 
1* 
1 

• OOE -00+ 
1 
I 
1 
1 
1 

• 60E-00+ 
1 
1 
1 
1 
1 

.20E-00+ 
1 
1 
1 
1 
1 

• OOE-O 1+ 
1 
1 
1 
1 
1 

• 00E-01+ 
1 
1 
1 
1 
1 

.55E-06+ 

.' . ..... 
.. I... ... .... ..... . .. 

.' . . ,. 
.', ... ' 

... .... 
-' . .... 

", .. ' 
-'. .... 

.' . ... ' 

.' . .... 

,' . ... 
-' . ..... 

.0, ..... 

, .. 
' ... 

-' . .... 
+---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E-oO 1.20E-00 

NOTL NUMBER= .005 
NOLDS NUMBER= 500000.0 

1 
I 

·1 
I 

I 
I 



.40E-OO+ 
I 
1 
1 
1 
1 

,OOE-OO+ 
1 

1 
1 
1 

.60E-00+ 
1 
1 
I 
I 
I 

.20E-00+ 
1 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
1 
I 
I 
I 

.55E~06+ 

-" -,-
-" -,-

-', -,-

-', ',-

-'--,-

-'--,-

-'.. -
-" ... 

-'--,-

-'--,-

-'--,-

-'--,-

-'--,-

-'--,. 
+---------+---------+---------+---------+---------+---------+ 

O.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E-00 

\JDT L NUMB ER = 
~OLOS NUMBER= 

.010 
3000.0 



AOE-OO+ 
I 
I 
I 
I 
I 

,OOE -00+::< 
I 
I 
I 
I 
I 

,60E-OO+ 
I 
I 
I 
I 
I 

.20E-OO+ 
I 
I 
I 
I 
I . 

• OOE-O 1+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 
I 

.55E-06+ 

,' . ... 
,'. ',' 

.... .,' ... .... 

,', ... 
, ... ... 

..... 
',' 

,', 
' .. 

* 
.... ... ' 

", .... 

,', ... 
,', 
' .. 

,', 
',' 

,', .... 

+---------+---------+---------+---------+---------+-~-------+ 
O.OOE-99 Z.OOE-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 1.00E-00 1. ZOE-OO 

~DTL NUMBER = 
mLDS NUMBER= 

.010 
8000.0 

1 
I 



40E-00+ 
1 
1 
1 
1 
1 

,OOE-OO+~~ 

1 
1 
1 
1 
1 

.60E -00+ 
1 
1 
1 
I 
I 

.20E -00+ 
1 
I 
1 
1 
1 . 

• OOE-Ol+ 
1 
1 
1 
1 
1 

.OOE-Ol+ 
1 
1 
I 
I 
1 

.• 55E-06+ 

.' . . ,' 
.' . ..... 

.' . ..... 

.... 
',' 

... ... 

.... ... 

... .,. 

.... ... 
.' . ... 

* 
+---------+----~----+---------+---------+---------+---------+ 

O.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.OOE-oO 1.20E-oO 

\NDTL NUMBER= 
~NOLDS NUMBER= 

.010 
10000.0 



.40E-00+ 
I 
I 
I 
I 
I * ~::::: 

.OOE-OO+ 
I 
I 
I 
I 
I 

.60E-00+ 
I 
I 
I 
I 
I 

• 20E-00+ 
I 
I 
I 
I 
I 

I.OOE-Ol+" 
L 
I 
I 
I 
I 

t.OOE-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

,' . .. ' 

". '.' 

.' . .... 

,' . .. ' 
.... .... 

" . .... 

." .... 

'" .... 

* 
.' . .,. 

/ 

.... .,. 

.... 
'.' 

.' . .... 

.' . .... 

" . .... 
+---------+---------+---------+---------+---------+---------+ 

0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 l.OOE-OO 1. 20E-00· 

ANDT L NUMB ER = 
~NOLDS NUMBER= 

.010 
30000.0 



.40E-00+ 
I 
I 
I 
I 

.OOE-OO+ 
I 
I 
I . 
I 
I 

.60E-OO+ 
I 
I 
I 
I 
I 

.20E-00+ 
I 
I 
I 
I 
I 

i.OOE-C)l+ 
I 
I 
I 
I 
I 

•• OOE-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.', .... 
." ',' 

." .t' 

'" '0' 

." .t' 

." .t' 

.' . • t' 

'" .... 

... .... 

'" .... 

.' . ... 

.. , 
't" 

.... .... 

+--.-------+---------+-_..:._-----+---------+---------+--------- + 
0.00E-99 Z.OOE-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.OOE-OO 1.ZOE-{)O; 

~NDTL NUMBER= 
YNOLDS NUMBER = 

.010 
50000.0 

1 

! 



.40E-OO+ 
I 
I 
I 
I 
I ::: ::::~ 

.OOE-OO+ 
I 
I 
I 
I 
I 

.60E-OO+ 
I 
I 
I 
I 
I 

,.20E-OO+ 
I 
I 
I 
I 
I 

: .OOE-Ol+" 
I 
I 
I 
I 
I 

~.OOE-Ol+ 
I 
I 
I 
I 
I 

l. 55 E-06+ 

,'-,' 

, ... -,' 
, ... 
-t" 

.... ... 
"... 

.... ... 
"-... 

.... ... 
.... ... 

* 
.... ... 

* 

+---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E-OO 

~NDT L NUMB ER = 
(NOLDS NUMBER= 

.010 
70000.0 



!.40E-00+ 
1 
1 
1 
1 
1* 

~.OOE-OO+ 

1 
1 
1 
1 
1 

.• 60E-00+ 
1 
I 
1 
1 
1 

;.20E-OO+ 
1 
1 
1 
1 
1" 

1.00E-0 1+ 
I 
I 
1 

.1 
1 

t.00E-01+ 
1 
1 
I 
I 
1 

l.55E-06+ 

... 
-" ... .,. 

,"
',' ... 

',' ... ... 

,' . ... 
,'. ',' 

". -". 

,' . ... 
,' . .... 

... 
',' 

... ... 
,' . ... 

* 
.... .... 

" . .... 

* 

". .... 
+--------~+---------+---------+------~--+---------+---------+ 

0.00E-99 2.00E-01 4.00E-01 6.001;-01 8.00E-Q1 1.00E-00 1.20E-OO 

~NDTL NUMBER= .010 
(NOLDS NUMBER = 100000.0 



·40E-00+ 
1 
1 
1 
1 

.OOE-OO+ 
1 
1 
1 
1 
1 

.• 60E-00+ 
1 
1 
1 
1 
1 

_ .20E-00+ 
1 
1 
1 
1 
1 

I.OOE-Ol+-
1 
1 
1 
1 
1 

t.OOE-Ol+ 
1 
1 
1 
1 
'I 

1.55E-06+ 

...... ... ..' 
,'.' ' .... 

.' . . ,. 
.... . ,. 

.' . . ,. 

* 
,' . ... ... .. ' 

," .,. 

* 
... 1 .. . ,. 

* 
... ... 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.00E-OO 1.20E-OO 

~NDTL NUMBER= .010 
(NOLDS NUMBER= 300000.0 



.40E-00+ 
1 
1 
1 
I, 

.OOE-OO+ 
I 
I 
I 
I 
I 

• 60E-OO+ 
I 
I 
I 
I 
I 

• 20E-OO+ 
I 
I 
I 
I 
I' 

.OOE-Ol+ 
I 
I 
I 
I 
I 

'.OOE-Q 1+ 
I 
I 
I 
I 
I 

.• 55E-06+ 

.. , 
' .. ... ... 

.', ... .. , 
',' 

'" ' .. 

* 

.' . ... 

.. , ... 
.. , ... 

* 
.. , ... 

.... 
' .. 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.00E-oO 1.20E-00 

INOTL NUMBER= .010 
(NOLOS NUNBER= 500000.0 

I 
I 
i 

1 
I 

. I 

I 
I 



l.80E-00+ 
I 

I 
I 
I 

1.50E-00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

6.00E-Ol+ 
I 
I 
I 
I 
I 

3.00E-Ol+ 
I 
I 
I 
I 
I 

.0, 
'0' 

.0, 
'(" 

.... 
,"t" 

.0, 
'(" 

.0, 
'0' 

.0, 

'" 

·0, 
'0' 

.0, 
'0' 

... , 
'0' 

.0, 
'(" 

.0, ... 
.0, 
'0' 

.... ... 

,0. 
'(" 

.0, ... 

* 

O.00E-99+ * 
. 0 • ~~;=~~--;~~~;=~ ~--:~~~~=~~--::~~;=~~--;:~~~ =,; ~- -~: ;~;=~~- -~~;O E l 

ANDT L NUMB ER = .050 
YNOLDS NUMBER= 3000.0 I 



B OE -OO+:~ 
1** 

. I * ~~ 

I 
I 
I 

50E-OO+ 
I 
I 
I 
I 
I 

.20E-OO+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-OI+ 
I 
I 
I 
I 
I 

.OOE-99+ 

.'. 'r 

.... 
'r 

.... ... 
." . 'r 

.... 
'r 

" . .,. 

.... .,. 

.'. 'r 

... ... 

.'. 'r 

"'r 

+---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-OI 4.00E-Ol 6.00E-Ol 8 •. 00E-Gl 1.00E-G0 1.20E-OO 

NOTL NUMBER= 
NOLDS NUMBER= 

.050 
8000.0 



.40E-00+ 
I 
I 
I 
I 
I 

.OOE-OO+ 
I 
1 
1* 
I 
1 

.60E-00+ 
1 
I 
1 
I 
1 

.20E-00+ 
I 
I 
I 
I 
I 

I.OOE-Ol+ 
I 
1 
I 
1 
1 

t.OOE-Ol+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

... .... 
... 1, ... 1, .... .... 

.. I... ..t ... .... .... 
.' . .... 

* 
... .... 

... ... .. , .... 

... 
',' 

." ." 

.' . .... 

.... .... 

.... .... 

.' . .... 
+---------+---------+---------+---------+---------+---------+ ..' I 

0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8 .OOE-Q 1 1.OOE-OO 1.20E-O 

4NDTL NUMBER= 
(NO LDS NUMB ER = 

, .050 
10000.0 

I 



~ .40E -00+ 
I 
I 
I 
I 
I 

~ .OOE-OO+ 
I 

I 
I 
I 

1.60E~OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I . 

8 .OOE-O 1+ 
I 
I 
I 
I 
I 

4.00E-ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

"'" ... 'i .,. .. . 
., . ... 

.... 

. 'f" 

.,. 
',' 

., . ... 
* 

" . .,. 

* 

/ 

.'. 'f" 

.' . ... 
+---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.OOE-DO 1.20E 

lAND TL NUM BER = 
:YNOL OS NUM BER = 

.050 
30000.0 



.40E-00+ 
I 
I 
I 
I 
I 

~.OOE-OO+ . 
I 

I 
I 
I 

L.60E-OO+ 
I 
I 
I 
I 
I 

l.20E-00+ 
I 
I 
I 
I 
I 

3.00E-Ol+ 
I 
I 

.. I 

I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55 E-06+ 

.... . ,' 
.. '... ...' ... "I' ...... 

,'. 
'" 

,'. 
'" .... .. ' 

,,-,' 
"-,' 

" . . ,' 
,' . ... 

,' . . ,' 

.... .... 

* 
,' . .... 

,,.... 

.... . ,' 
,,
',' 

,' . .... 

* +---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 1.00E-00 1.20E-( 

fl.NDTL NUMBER = .050 
YNOLDS NUMBER= 50000. 



.40E-00+ 
I 
I 
I 
I 
I 

.OOE -00+ 
I 
1* ::':!:; 
I 
I 
I 

.60E-00+ 
I 
I 
I 
I 
I 

. • ZOE -00+ 
I 
I 
I 
I 

. I 
~.OOE-Ol+ 

I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

~ANDTL NUMBER= 
:YNOLDS NUMBER = 

-', ... -
... 1... .. ... 
'"'.'" ...... 

.050 
70000.0 

-'. ' .. 
." ... -

-' . ... 
.,. ... -

-" ... 
-', ... 

-', ... 
-', .... 

* 

* 

." .... 



.40E-00+ 
1 
1 
1 
1 
1 

~.OOE...;OO+ 

1 
1 

1 
1 

.• 60E-00+ 
1 
1 
1 
1 
1 

l.20E-OO+ 
1 
1 
1 
1 

,1 
~.OOE-Ol+ 

1 
1 
1 
1 
1 

i .OOE-Ol+ 
,1 
1 
1 
1 
1 

1.55 E-06+ 

.." ". 

.', ',' 

.', ' .. 
oJ, .,. 

oJ, -,. 
..,-,' 

.... ... 
.', ',' 

.', ". 
oJ, -,. 

* 
... ... 

.', ". 

* 

.." ... 
+---------+---------+---------+---------+---------+---------+ 

o .OOE-99' 2. OOE-Ol 4.00 E-O 1 6. 00 E-O 1 8. 00 E-O 1 l.OOE -60 1. 20 E-O 

ANDTl NUMB ER = .050 
YNOlDS NUMBER= 100000.0 



~ .40E -00+ 
1 
1 
1 
1 
1 

~ .OOE-OO+ 
1 
1 

1 
1 

1.60E-00+ 
1 
1 
1 
1 
1 

1.20E-OO+ 
1 
1 
1 
1 
1 

8.00E-Ol+ 
I 
I 
I 
1 
I 

4.00E-Dl+ 
1 
I 
I 
1 
1 

.0, ... 
* 

.0, 
'0' 

·0, ... 

.. , .,. 
... ... 

.0, ... 
.0 • ... 

... ... 
* 

* 
.0. 
-0' 

.0. ... 
.0 • ... 

.0 • ... 

... ... 
1.55E-06+ 

. +---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol 1.OOE-00 1.ZOE 

RANDTL NUMBER= .050 
EYNOLDS NUMBER= 300000.0 



2.40E-OO+ 
I 
I 
I 
I 
I . 

2.00E-OO+ 
I 
1* 
I 
I 
I 

1.60E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

8.00E-Ol+ 
I 
I 
I 
I 
I 

4.00E-Ol+ 
I 
I 
I 
I 
I 

1.55E-06+ 

.. I ..... 1 ... ...... .... .. 
........ I ... .. ~ ..... 

.... .,. 
". ',' 

.' . .... 
.' . .... 

.' . .... 
..... 
• t" 

.' . .... 
.... 
• t" 

.' . ... 

.'. ',' 

.'. ',' 

." ',' 

.' . ... 

.... 
• t" 

+---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E"1 

~ANDTL NUMBER= 
:'(NO LD S NUMB ER = 

.050 
500000.0 



1.80E-00+ 
- I 

I 
I 
1::< 
I 

1.50E-00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

6.00E-Ol+ 
I 
I 
I 
I 
I 

3 .• 00E-0 1+ 
I 
I 
I 
I 
I 

o .OOE-99+ 

.. ' ..... 1 .. 

..... 't'" 
. .. 
'0' 

...... ..I .. ... ... ... . ,. 
.0 • ... 

.0. 
'r 

.0 • . ,. 
.0 • .... 

... 
'0' 

.0 • ... 
.0 • ... 

.0 • .... 

.0 • ... 

... .... 

... 
'0' 

... .,. 

... .... 
+---------+---------+---------+---------+---------+---------+ 

0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-Dl 1.00E-D0 1.20E 

\ANDTl NUMBER= 
:YNOLDS NUM BER = 

.100 
3000.0 



1.80E-00+ 
I 
I 

I 
I 

1.50E-00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

b.OOE-Ol+ 
I 
I 
1. 
I 
I 

3.00E-Ol+ 
I 
I 
I 
I 
I 

O.OOE-99+ 

.', ',' 

.', ',' 

.. I~ ... 1 ... 
I ....... ... ... 

.', 
"f" 

* .. , 
',' 

* 
-" ',. 

-" ..,. 

.', .... 

.', .... 

-" .... 

-" .... 

-" .... 

.', .... 

.', ..,. 

+---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.OOE-OO 1.20E-( 

ANDTL NUMBER= 
YNa LD S NUMB ER = 

.100 
8000.0 

" 



1.80E-OO+ 
I 
1* 
I 
I 
I 

1.50E-00+ 
I 
I 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

9.00E-01+ 
I 
I 
I 
I 
I 

6.00E-01+ 
I 
I 
I 
I 
I 

3.00E-01+ 
I 
I 
I 
I 
I 

........ t .. . ,. .,. 
.', .,. 

." ,,. .'. .... 
" . .... 

.', .,. 
'" -... 

.... 
-" 

.', ... 
.' . ... 

.... 
'.' 

.', .... 

,', 
-" 

.', 
-" 

,., 
I,' 

.... .... 

o .QOE-99+ * 
o .~~~=~~--;~~~~=~~~-~~~~~=~~--~~;~~=~~--~~;~~~~--~~;~~~~--~~;O E~ 

,ANDTL NUMBER= 
:YNOLDS NUMBER = 

.100 
10000.0 

I 



1.80E-OO+ 
I 
1* 
I 
I 
I 

1.50E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

6.00E-Ol+ 
I 
I 
I 
I 
I 

3.00E-Ol+ 
I 
I 
I 
I 
I 

O.OOE-99+ 

.', .,.. 
.. I.. ...1 .. .... ... 

." .,' 
", ',' 

.', .,' 
", .... 

." ... 
.', .... 

." 
',' 

.' . . ('" 

.' . . ('" 

.' . .... 

.', .... 

.... .... 

* 

.... 
',' 

+---------+---------+---------+---------+-----~---+---------+ 

0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 l.OOE-OO-i. 20E-1 

,ANDTL NUMBER= 
:YNOLDS NUMBER= 

.100 
30000.0 



l.80E-OO+ 
I 
I ,'· -,' 
I 
I 
I 

l.50E-OO+ 
I 
I 
I 
I 

. I 
1.20E-OO+ 

I 
I 
I 
I 
I 

~.OOE-Ol+ 

I 
I 
I 
I 
I 

6 .OOE-O 1+ 
I 
I 
I 
I 
I 

3.00E-0 1+ 
I 
I 
I 
I 
I 

O.OOE-99+ 

.0. -,' 
.. I.. ...1, 
... '0' 

,' . ... 
'" ... 

,'. -,' 
.0 • ... 

,'. ',' 
,' . ... 

". -.. 
,' . .. ' 

,' . ... 

,'. -.. 

,' . ... 

,' . ... 

.0 • ... 

,' . ... 
+-------~-+---------+-~-------+---------+---------+---------+ I 

0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-ol }.OOE-oO 1.20E-<l 

ANDTl NUMBER= 
YNOlDS NUMBER= 

.100 
50000.0 

I 



1.80E-OO+ 
I 

I 
I 
I 

J..50E-OO+ 
I 
I 
I 
I . 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

6.00E-Ol+ 
I 
I 
I 
I 
I 

j.OOE-Ol+ 
I 
I 
I 
I 
I 

O.00E-99+ 

.', ,.. 
... 1... ..I .. "..... 41'." 

.... 
'I' 

.. I ........ 

"'."" ..... 
.... ,.. 

.', ", 

.', ',' 
.', ' .. 

.', 'r 

.', 
'I' 

* 
.', ',' 

* 

.', ,.. 

.', ... 
+~--------+---------+---------+---------+---------+---------+ 

0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 1.00E-OO 1.20E-( 

J\NDTL NUMBER= 
YNOLDS NUMBER= 

.100 
70000.0 



l.80E-OO+ 
I 
I ~:: 

I 
I 
I 

L .50E-OO+ 
I 
I 
I 
I 
I 

l.20E-OO+ 
I 
I 
I 
I 
I 

~ .OOE-:-O 1+ 
I 
I 
I 
I 
I 

) .OOE -01 + 
I 
I 
I 
I 
I 

3.00E-01+ 
I 
I 
I 
I 
I 

.', ' .. 
.', .,. 

.', .... 

-" ',' 

* .~ 
',' 

.'. ',' 

" . .,. 

.', .... 

", ' .. 

.', ' .. 

) .OOE -99+ .::: 

o .~~~=~~--;~~~~=~~--~~~~~=~~-.-~~~~~=~~--~~~~~~~--~~;~~=;~--~~;O EJ 
~NOTL NUMBER= 
YNOL OS NUM BER = 

.100 
100000.0 

I 



1.80E-OO+ 
I 

I 
I 
I 

1.50E-OO+ 
I 
I 
I 
I 
I 

1.20E-OO+ 
I 
I 
I 
I 
I 

9.00E-Ol+ 
I 
I 
I 
I 
I 

J.OOE-Ol+ 
I 
I 
I 
I 
I 

3.00E-Ol+ 
I 
I 
I 
I 
I 

;.OOE-99+ 

.', 
'.' 

".. ...1 .. ... .... 
", .... 

* .', .... 
.', ,,. 

.... .... 
.', .,. 

.', '.' ... ',. 

.', -.' 
.. , ,,. 

* 
.... -.' 

.', ... 

* +---------+---------+---------+---------+---------+---------+ 
O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-O 1 1.00E-OO 1.20E-0 

~NDTL NUMB ER = 
(NOLDS NUMBER= 

.100 
300000.0 



1.80E-00+ 
I 
I 
I 
I 
I 

1.50E-00+ 
I 
I 
I ·'· ',' 

I 
I 

l.20E-00+ 
I 
I 
I 
I 
I 

~.00E-01+ 

I 
I 
I 
I 
I 

) .OOE-O 1+ 
I 
I 
I 
I 
I 

1.00E-0 1+ 
I 
I 
I 
I 
I 

) .00E-99+ 

... 1 ..... t.. .... , .. ...... .'. . ... 
.. '''' .. ' ..... 1.. .... ...... 1 .. 
""", ,.... #~ "'."" ..... 

" . ... 
.' . ... 

.' . .... 
.' . ... 

.'. ',' 

.'. ',' 

.' . ... 

.'. ',' 

.' . .... 

* 

.' . . ,. 
+---------+---------+---------+---------+---------+---------+ 

0.OOE-99 2.00E-OI 4.00E-OI 6.OOE-OI 8.00E-DI 1.OOE-DO 1.20E 

INDTL NUMBER= 
(NOLDS NUMBER= 

.500 
3000.0 



1.80E-00+ 
I 
I 
I 
I 
I 

1.50E-00+ 
I 
I ·'· -.' 
I 
I 
I 

1.20E-00+ 
I 
I 
I 
I 
I 

~ .OOE-Ol+ 
I 
I 
I 
I 
I 

l.OOE-Ol+ 
I 
I 
I 
I 
I 

I.OOE-Ol+ 
I 
I 
I 
I 
I 

I.OOE-99+ 

"".. ...' ........ 
..... -t" '," ... .... 

". '.' 
.... ..... 

.... .... 

* 
,' . ..... 

* 

* 

* 
+---------+---------+---------+---------+--~------+---------+ . 

o .OOE -99 2.00E-Ol 4.00 E-O 1 6.00 E-O 1 8.00 E-·O 1 1. OOE -00 1. 20 E -0 1 

,NOTl NUMBER= 
l>JOlOS NUMBER= 

.500 
80UO.0 



1.80E-OO+ 
I 
I 
I 
I 
I 

l.50E-OO+ 
I 
I :!= 

I 
I 
I 

.• 20E-00+ 
I 
I 
I 
I 
I 

.OOE-O 1+ 
I 
I 
I 
I 
I 

.OOE-01+ 
I 
I 
I 
I 
I 

.OOE-01+ 
I 
I 
I 
I 
I 

.', ' .. 
.', ... ", ',' 

.', -, . 
-" -.. -" -,' 

", -.. 
.... .,. 

.', -.. 

-" ... 

* 

.', ' .. 

.', ... -

· 
0 

OE -9: ~ ~~~=;;--;:~;~=;~ --~:~;~=;~--~:;;~=;;:--;: ;~;:;;-t --~~;~;:;;-~ --~: ;0 E -oj 
\lOTL NUMBER= .500 I 

\lOLDS NUMBER= 10000.0 



1.BOE-OO+ 
I 
I 
I 
I 
I 

1.50E-OO+ 

I 
I 
I 
I 

L.20E-OO+ 
I 
I 
I 
I 
I 

f.OOE-Ol+ 
I 
I 
I 
I 
I 

,.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.00E-99+ 

... ' ..... , ... .. ,.. .. ... 
.' . .... 

* 
... ' ........ .......... 

* 
.' . .... 

.'. ',' 

.'. ',' 

.' . ... 

* 

.' . .... 

.' . .... . 

* +---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol B.OOE-Ol l.OOE-OO 1.20E-0( 

NOTL NU'''iBER= .500 
~OLOS NUMBER= 30000.0 



l.80E-OO+ 
1 
1 
1 
1 
1 

. • 50E-OO+ 
1 _'· ,,-

I 
1 
I 
I 

.• 20E-OO+ 
I 
I 
I 
I 
I 

.OOE:-Ol+ 
I 
I 
I 
I 
I 

.OOE-O 1+ 
1 
I 
I 
I 
I 

.OOE-O 1+ 
I 
I 
I 
I 
I 

"" ... ' ... ..... ... ... 

... ',-
-'. ',-

-'. ',-
-'. ',-

-'. ',-

-'. ',-

-'. ',-

-" .. -

... .. -

.OOE-99+ * 
o .;;~=~~--;:~~~=~~--~:~;;=;~--~:;~;=~~--;:~~;~~--~~;~;~~--~:;O E-oJ 

NDTL NUMBER= 
NOLDS NUMBER= 

.500 
5000().O 

I 
I 



,.80E-OO+ 
I 
I 
I 
I 
I 

.• 50E-00+ 
I 
1.0 • . ,. 
I 
I 
I 

.• 20E-OO+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-OI+ 
I 
I 
I 
I 
I 

.OOE-99+ 

.0. 
'0' 

.. '... ...1 .... I.. ..I .... I .. ..... '........ ..,' .... .. 
.... . ,. 

.0 • .,. 
.0 • .,. 

.0 • ... 
.0. .,. 

.0 • ... 
.... .,. 

* 

\ 

* +---------+---------+---------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-018.00E-0 1 1.00E-00 1.20E-OC 

~DTL NUMBER = 
m LOS NUMBER= 

.500 
70000.0 



.• 80E-00+ 
I 
I 
I 
I 
I 

.50E-00+ 
I 
1* 
I 
I 
I 

• 20E -00+ 
I 
I 
I 
I 
I 

.00E-01+ 
I 
I 
I 
I 
I 

.00E-01+ 
I 
I 
I 
I 
I 

.00E-01+ 
I 
I 
I 
I 
I 

,', .... 

'" .,- .. I ..... 1, ...... ' .... 

'" .. ' 
'" ',-

-" ',-

,', .... 

'" ',-

* 

.00 E -99 + :!< . 

O.~~~=~~--;~~~~=~~--~~;~~=~~--~~;~~=~~--;~;;~~~--~~;;~~;--~~;OE-Oj 
NDTl NUMBER= 
NOlDS NUMBER= 

.500 
100000.0 

I 

I 



.80E-00+ 
I 
I 
I 
I 
I 

.50E-00+ 
I 
I 
I 

I 
.20E-00+ 

I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
I 
I 

.OOE-Ol+ 
I 
I 
I 
1. 
I 

.00E-99+ 

......... 1 .. ....... ' ... 

" . . '" 
" . .... 

,' . .... 

.... .... 

,'. ',' 

.' . . ,' 

.... .... 

,' . .... 
+---------+---------+---------+---------+---------+---------+ 

0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 1.OOE-OO 1.20E-01 

NDTl NUMBER= 1.000 
NOlDS NUMBER= 3000.0 



.80E-00+ 
I 
I 
I 
I 
I 
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',' 
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',' 
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,', 
',' 

,', .. ' 

* 
+---------+---------+---~-----+---------+---------+---------+ 

0.00E-99 2.00E-01 4.00E-01 6.00E-01 8.00E-D1 1.OOE-DO 1.20E 

INDTL NUMBER= 1.000 
(NOLDS NUMBER= 8000.0 



l.80E-00+ 
I 
I 

. I 
I 
I 

1.50E-00+ 
I 
I 

I 
I 
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-' . .... 
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* 
-' . .,-

* 
+---------+-----~---+---------+---------+---------+---------+ 

O.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-01 -l.OOE-OO 1.20E-d 
I 

ANDTl NUMBER= 1.000 
~NOlDS NUMBER= 10000.0 



l.80E-00+ 
1 
1 
1 
1 
1 

l.50E-00+ 
1 
1 

1 
1 

L.20E-00+ 
1 
1· 
1 
1 
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1 
1 
1 
1 
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1 
1 
1 
1 
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/ 
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.... . ,. 

... . ,. 
.' . .,. 

* 
.' . .,. 

+---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-Dl 1.00E-DO 1.20E-O 

ANDTl NUMBER= 1.000 
YNOlDS NUMBER = 30000.0 



1.80E-OO+ 
I 
I 
I 
I 
I 

1.50E-OO+ 
I 
I 

I 
I 
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+---------+---------+~--------+---------+---------+---------+ 
0.OOE-99 2.00E-Ol 4.00E-Ol 6.00E-Ol 8.00E-0 1 l.OOE-OO 1.20E-00 

~DTL NUMBER= 1.000 
MOLDS NUMBER= 50000.0 



.80E-00+ 
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I 
I 
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I 

.50E-OO+ 
I 
I 
1* 
I 
I 

.20E-00+ 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
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I 
I 
I 
I 

oOOE-01+ 
I 
I 
I 
I 
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.OOE-99+ 
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"".'" 'I'" 
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-'--t' 
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.'-t' 

+---------+---------+---------+---------+---------+---------+ 
0.00E-99 2.00E-01 4.00E-01 ·6.00E-01 8.00E-01 1.OOE-oO 1.20E-DO 

NDTL NUMBER= 1.000 
NOLDS NUMBER= 70000.0 



APPENDIX 13 . 

COMPUTER OUTPUTS 



CALCULATION OF NUSSELT NUMBER 
FULLY OEVELOPEO TLRBULENTFLmJ IN PIPE 
CONSTANT WALL TEMPERATURE 
************************************************************* 
PRANOTL NUMBER= 
REYNOLOS NUMBER= 
PECLET NUM8ER = 

1.000 
2000.0GO 

2000.0 

*********************************************~*************** 

S= 1.041 
N= 9.250 

************************************************************* 
IT ERAT ION 1 
Al= 1.33004 81= 
COEFFICIENTS FROM 
A2= .41941 82= 
NU SS EL T NUf-18 ER = 
COEFFICIENTS FROM 
A3= 1.65546 83= 

-1.42938 Cl= 
CUR V E FIT TIN G 

.03900 C2= 
3.94706 
1. ITER A liON 

.15395 C3= 

4.48148 01= -4.26217 

-.77654 02= .31698 

-3.06506 03= 1.25114 
************************************************************* 
ITERATION 2 
A1= 1.65546 81= .15395 Cl= -3.06506 01= 1.25114 
COEFFICIENTS FROM CURVE FI1TING 
A2= .45782 82= .01508 C2= -.95185 02= .47978 
NUSSELT NUM8ER= 3.87994 
01 FFERENCE= .06711 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.77632 83= .05852 C3= -3.69315 03= 1.86153 
************************************************************* 
ITERATION 3. 
Al= 1.77632 81= .05852 Cl= -3.69315 01= 1.86153 
COEFFICIENTS FROM CURVE FI1TING 
A2= .46959 82= .00640 C2= -.98042 02= .50561 
NUSSELT NUMBER= 3.82776 
DIFFERENCE= .05218 
COEFFICIENTS FROt·' 3. ITERATION 
A3= 1~79749 83= .02450 C3= -3.75283 03= 1.93536 
************************************************************* 
I TERA TION 4 
Al= 1.79749 Bl= .02450 Cl= ~3.75283 01= 1.93536 
COEFFICIENTS FROM CURVE FI1TING 
A2= .47140 82= .00482 C2= -.98432 02= .50932 
NUSSELT NUM8ER= 3.82013 
DIFFERENCE= .00762 
COEFFICIENTS FROM 4.ITERA1ION 
A3= 1.80084 ~3=' .01844 C3= -3.7602403= 1.94569 
************************************************************* 
ITERATION 5 
Al= 1.80084 Bl= .01844 Cl= -3.76024 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .47168 B2= .00457 C2= -.98489 02= 
NUSSELT NUMBER= 3.81898 
DIFFERENCE=.0~115 

1.94569 

.50988 



COEFFICIENTS FROM 5. ITERA1ION 
A3= 1.80135 83= .01148 C3= -3.76130 03= 1.9~723 

************************************************************* 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
************************************************************* 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

1.000 
3000.000 

3000.0 

************************************************************* 
S= 2.860 
N= 3.310 

************************************************************* 
ITERATION 1 
Al= 1.33004 B1= -1.42938 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .11681 B2= -.06314 C2= 
NUSSELT NUMBER= 11.00555 
COEFFICIENTS FROM 1. ITERA1ION 
A3=· 1.28565 B3= -.69499 C3= 

4.48148 01= -4.26217 

.24000 02= -.29158 

2.64137 03= -3.20903 
************************************************************* 
ITERATION 2 
Al= 1.28565 Bl= -.69499 Cl= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .11444 B2= -.05926 C2= 
NUSSELT NUMBER= 11.28367 
DIFFERENCE= .27811 
COEFFICIENTS FROM 2. ITERATION 
A3= .1.29140 B3= -.66872C3= 

2.64137 01= -3.20903 

.22457 02= -.27783 

2.53406 03= -3.13501 
************************************************************* 

ITERATION 3 
Al= 1.2914C Bl= -.66872 Cl= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .11456 B2= . -.05918 C2= 
NUSSELT NUMBER= 11.27649 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.29191 B3= -.66742 C3= 

2.53406 01= -3.13501 

.22411 02= -.27757 

2.52724 D3= -3.13006 
************************************************************* 
ITERATION 4 
Al= 1.29191 Bl= -.66742 Cl= 2.52724 01= -3.13006 
COEFFICIENTS FROM CURVE FITTING 
A2= .11457 B2= -.05918 C2= .22408 02= -.27755 
NUSSELT NUMBER= 11.27598 
DIFFERENCE= .00051 
COEFFICIENTS FROM 4. ITERATION 
A3= 1.29195 B3= -.66734 C3= 2.52676 03= -3.12971 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 0.100 0.200 0.300 0.400 0.500 0.6000.700 0.800 0.900 1.000 
THETA VALUES 
1.291 1.241 -1.234 1.234 1.228 1.198 1.125 0.989 0.772 0.456 0.021 



CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
************************************************************* 
PRANDTL NUMBER= 
REYNOLDS NUMBER = 
PECLET NUfl.1BER = 

1.000 
8000.0UO 

8000.0 

************************************************************* 
S= 6.430 
N= 9.000 

************************************************************* 
IT ERAT ION 1 
A1= 1.33004 B1= -1.42938 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .04855 B2= -.05217 C2= 
NUSSEL T NUMBER= 27.39338 
COEFFICIENTS FROM 1. ITERAllON 
A3= 1.33002 83= -1.42938 C3= 

ITERATION 2 
A1= 1.33002 81= -1.42938 C1= 
COEFFICIENTS FROM CURVE FIllING 
A2= .04855 B2= -.05217 C2= 
NUSSELT NUMBER= 27.39356 
COEFFICIENTS-FROM 2. ITERAliON 
A3= 1.33002 B3= -1.42938 C3= 

4.48148 01= -4.26217 

.16360 02= -.15559 

4.48158 03= -4.26226 

4.48158 01= -4.26226 

·16360 02= -.15559 

4.48159 03= -4.26226 
***************************************************************** 
. ITER A T ION 3 
A1= 1.33002 B1= -1.42938 C1= 4.48159 01= -4.26226 
COEFFICIENTS FROM CURVE FITTING 
A2= .04855 B2= -.05217 C2= .16360 02= -.15559 
NUSSELT NUMBER= 27.39339 
DIFFERENCE= .00016 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.33002 B3= -1.42938 C3= 4.48159 03= -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 1.165 1.063 .872 .566 .119 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLorJ IN PIPE 
CONSTANT WALL TEMPERATURE 
**********************************~****************************** 
PR ANDT L NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

1.000 
10000.0 

10000.0 
, ' 

***************************************************************** 



***************************************************************** 
ITER A T ION l' 
AI= 1.33951 B1= -1.47226 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= - .04061 B2= -.04491 C2= 
NUSSELT NUMBER= 32.95465 
COEFFICIENTS FRON 1. ITERATION 
A3= 1.33836 B3= -1.48029 C3= 

4.29457 D1= -3.94628 

.13111 D2= -.12023 

4.32073 D3=· -3.96225 
***************************************************************** 
ITERAT ION 2 
A1= 1.33836 B1= -1.48029 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .04060 B2= -.04492 C2= 
NUSSELT NUMBER= 32.95944 
DIFFERENCE= .00479 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.33817 B3= -1.48054 C3= 

4.32073 D1= -3.96225 

.13114 D2= -.12025 

4.32258 D3= -3.96362 
***************************************************************** 
ITERATION 3 
A1= 1.33817 B1= -1.48054 C1= 4.32258 D1= -3.96362 
COEFFICIENTS FROM CURVE FIllING 
A2= .0405~ B2= -.04492 C2= .13115 D2= -.12025 
NUSSELT NUMBER= 32.95981 
DIFFERENCE= .00037 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.33815 B3= -1.48055 C3= 4.32272 D3= -3.96314 
VALUES FOR TEfvlPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .'tOO .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 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************~************* 
PRANOTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

1.000 
30000.0 

30000.0 

***************************************************************** 
S= 17.600 
N= 26.510 

****~**************************************~********************* 
ITER A T ION . 1 
Al= 1.34910 B1= -1.46043 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .01692 B2= -.01832 C2= 
NUSSELT NUMBER= 79.70018 
COEFFICIENTS FROM I.ITERAlION 
A3= 1.34912 B3= -1.46042 C3= 

4.06912 D1= -3.64382 

.05105 D2= -.04571 

4.06898 D3= -3.64310 
***************************************************************** 
IT ERAT ION 2 
Al= 1.34912 B1= -1.46042 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .01692 B2= -.01832 C2= 
NUSSEL T NUMBER= 79.69946 
DIFFERENCE= .00072 
COEFFJCIENTS FROM 2. ITERATION 

4.06898 D1= -3.64370 

.05105 D2= -.04571 



A3= 1.34912 B3= -1.46042 03= 4.06~97 D3= -3.64369 
VALUES FOR TEMPERATURE DISTRIBUTION 

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

THETA VALUES 
1.349 1.240 1~190 1.178 1.182. 1.180 1.150 1.070 .919 .674 .313 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLo\~ IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

1.000 
50000.0 

50000.0 

***************************************************************** 
S= 26.620 
N= 39.910 

***************************************************************** 
ITERATION 1 
A1= 1.34884 B1= -1.46133 C1= 
COEFFICIENTS FROM CURVE FIllING 
A2= .01101 B2= -.01193 C2= 
NUSSELT NUMBER= 122.47466 
COEFFICIENTS FROM 1. ITERATION 
A3=. 1.34894 B3= -1.46128 C3= 

4.06722 D1= -3.62154 

.03320 D2= -.02956 

4.06655 D3= -3.62102 
***************************************************************** 
ITERATION 2 
A1= 1.34894 B1= -1.46128 C1= 4.06655 D1= -3.62102 
COEFFICIENTS FROM CURVE FI1TING 
A2= .01101 B2= -.01193 C2= .03320 D2= -.02956 
NUSSELT NUMBER=-122.47337 
DIFFERENCE= .00129 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.34895 B3= -1.46128 C3= 4.06649 D3= -3.62097 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.348 1.239 1.190 1.178 1.183 ~.182 1.153 1.076 .928 .687 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT ~JALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

1.000 
70000.0 

70000.0 

***************************************************************** 
s= 35.040 
N= 52.180 

***************************************************************** 
IT ERAT ION 1 
Al= 1.34573 B1= -1.47664 C1= 
COEFFICIENTS FROM CURVE FITTING 

4.13263 D1= -3.66059 



A2= .00835 82= -.00916 C2= 
NUSSELT' NUMBER= 161.1385? 
COEFFICIENTS FROM 1. ITERAlION 
A3= 1.3457~ B3= -1.47663 C3= 

.02564,02= -.02271 

4.1322703= -3.66030 
***************************************************************** 
ITERATION 2 
A1= 1.34579 B1= -1.47663 C1= 4.13227 01= -3.66030 
COEFFICIENTS FROM CURVE FITTING 
A2= -.00835 B2= -.00916 C2= .02564 02= -.02271 
NUSSELT NUMBER= 161.13696 
DIFFERENCE= .00161 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.34579 B3= -1.47663 C3= 4.13224 03= -3.66028 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.345 1.235 1.186 1.175 1.182 1.183 1.156 1.081 .935 .695 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
************************************************************* 
PRANOTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.500 
3000.0 

1500.0 

************************************************************* 
S= 2.860 
N= 3.310 

I TERAT ION 1 
AI= 1.29195 Bl= 
COEFFICIENTS FROM 
A2= .15457 B2= 
NU SS EL T NU/"IB ER = 
COEFFICIENTS FROM 
A3= 1.35201 B3= 

-.66734 C1= 
CURVE FITTING. 

-.04238 C2= 
8.74694 
1. ITER A 1 I ON 
-.37072 C3= 

2.52676 01= -3.12971 

.15602 02= -.26813 

1.36470 03= -2.34531 
************************************************************* 

ITERATION 2 
A1= 1.35201 B1= -.37072 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .15680 B2= -.04091 C2= 
NUSSELT NUMBER= 8.66946 
OIFFERENCE= .07748 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.35938 B3= -.35468 C3= 

1.36470 01= -2.34531 

.14684 02= -.26270 

1.27303 03= -2.27753 
************************************************************* 
ITERATION 3 
Al= 1.35938 B1= -.35468 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .• 15699 B2= -.04080 C2= 
NUSSELT NUMBER= 8.66332 
OIFFE~ENCE= .00613 

1.27303 01= -2.27753 

.14605 02= -.26222 



COEFFICIENTS FROM 3. ITERATION 
A3= 1.36008.B3= -.35352 C3= 1.26534 D3= -2.27172 
************************************************************* 
ITERATION 4 
A1= 1.36008 B1= -.35352 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .15700 B2= -.04079 C2= 
NUSSELT NUMBER= 8.66279 
DI FFERENCE= .00053 
COEFFICIENTS FROM 4.ITERAlION 

~ 

1.26534 D1= -2.27172 

.14598 D2= -.26218 

A3= 1.36014 B3= -.35343 C3= 1.26467 
VALUES FOR TEMPERATURE DISTRIBUTION 

D3= -2.27121 

ETA VALUES 
0.000 0.100 0.200 0~300 0.400 0.500 0.600 
THETA VALUES 

0~700 0.800 0.900 1.000 

1.3601.335 1.321 1.306 1.275 1.215 1.112 0.9530.723 0.410 0.000 
***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER = 
REYNOLDS NUMB ER= 
PECLET NUMBER= 

.500 
8000.0 

4000.0 

***************************************************************** 
S= 6.430 
N= 9.000 

***************************************************************** 
ITERATION 1 
A1= 1~33002 B1= -1.42938 C1= 
COEFFICIENTS FROM CURVE FI1TING 
A2=· .07129 B2= -.06085 C2= 
NUSSELT NUMBER= 19.60097 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.39743 B3= -1.19273 C3= 

4.48159D1= -4.26226 

.17813 D2= -.18390 

3.49160 D3= -3.60480 
***************************************************************** 
ITERAT ION 2 
A1= 1.39743 B1= -1.19273 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .07236 B2= -.06086 C2= 
NUSSELT NUMBER= 19.45348 
DIFFERENCE= .14748 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.40774 B3= ~1.18411 C3= 

3.49160 D1= -3.60480 

~17497 D2= -.18179 

3.40384 D3= -3.53647 
******~********************************************************** 

ITER AT ION 3 
A1= 1.40774 B1= -1.18411 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2~ .07247 B2= -.06089 C2~ 
NUSSELT NUMBER= 19.44082 
DIFFERENCE= .01266 
COEFFICIENTS FROM 3. ITERATION 

3.40384 D1= -3.53647 

.17466 D2= -.18156 



A3= 1.40891 B3= -1.18379 C3= 3.39557 D3= -3.52972 
*************************************************************~*** 

I TERAT ION 4 
Al=1.40891 Bl= -1.18379 Cl= 
COEFFICIENTS FROM CURVE FITlING 
A2= .07248 B2= -.06089 C2= 
NUSSEL T NUMBER= 19.43952 
DIFFERENCE= .00129 
COEFFICIENTS FROM 4. ITERATION 
A3= 1.40904 B3= -1.18378 C3= 

3.39557 Dl= -3.52972 

.17463 D2= -.18153 

3.39473 D3= -3.52902 
*********************************************************~~****** 
ITERATION 5 
Al= 1.40904 Bl= -1.18378 Cl= 3.39473 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 
A3= 1.40905 B3= -1.18377 C3= 3.39464 D3= -3.52895 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.409 1.321 1.279 1.264 1.252 1.224 1.158 1.033 .827 .520 .090 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY 0 EVELOP ED TLR BUL ENT FLo\~ IN PIPE 
CONSTANT WAL L TEMP ERA TUR E 
***************************************************************** 
PR ANOT L NUt4B ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.500 
10000.0 

5000.0 

***************************************************************** 
$= 7.560 
N= 10.930 

***************************************************************** 
ITERATION 1 
Al= 1.42852 Bl= -1.21152 Cl= 
COEFFICIENTS FROM CURVE FIllING 
A2= .06312 B2= -.05669 C2= 
NUSSELT NUMBER= 22.48643 
COEFFICIENTS FROM 1~ ITERATION 
A3= 1.41949 B3= -1.27481 C3= 

I TERA TION 2 
Al= 1.41949 Bl= -1.27481 Cl= 
COE FF IC I ENTS FROM CUR VE F 1111 NG 
A2= .06272 B2= -.05681 C2= 
NUSSELT NUMBER= 22.58911 
OIFFERENCE= .10268 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.41691 B3= -1.28336 C3= 

3.36349 Dl= -3.47713 

.15159 02= -.15076 

3.40872 03= -3.39026 

3.40872 Dl= -3.39026 

.15254 02=-.15119 

3.44577 03= -3.41532 
***************************************************************** 
I TERATION3 
Al= 1.41691 Bl= 
COEFFICIEN~$ FROM 
A2= .06269 B2= 

-1.28336 Cl= 
CUR V E F I 1 T I NG 

-.05681 C2= 

.3.44577 Dl= 

.15264 D2= 

-3.41532 

-.15126 



NUSSELT NUMBER= 22.59501 
DIFFERENCE= .00590-
COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.416~1 B3= -1.28366 C3= 3.44906 03= -3.41787 
VALUE'S FOR TEr"!PERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 -.900 1.000 

THETA VALUES 
1.416 1.319 1.270 1.249 1.236 1.209 1.149 1.035 .847 .563 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.500 
30000.0 

15000.0 

***************************************************************** 
S= 17.600 
N= 26.510 

***************************************************************** 
IT ERAT ION 1 
A1= 1.42961 B1= -1.27762 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .02697 B2= -.02412 C2= 
NUSSEL T NUMBER= 52.9821 i 
COEFFICIENTS FROr"! 1.ITERA1l0N 
A3= 1.42907 B3= -1.27834 C3= 

3.21529 01= -3.09880 

.06078 02= -.05855 

3.22028 03= -3.10243 
***************************************************************** 
ITERATION 2 
A1= 1.42907 Bl= -1.27834 Cl= 3.22028 01= -3.10243 
COEFFICIENTS FROM CURVE FITTING 
A2= .02697 B2= -.02412 C2= .06078 02= -.05856 
NUSSElT NUMBER= 52.98402 
DIFFERENCE= .00185 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.42900 B3= -1.27837 C3= 3.22081 03= -3.10284 
VALUES FOR TEMPERATURE DIS1RIBUTION 
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 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDT L NUMB ER = 
REYNOLDS NUMBER= 
PECl ET NUMBER= 

.500 
50000.0 

25000.0 

***************************************************************** 
s= 26.620 
N= 39.910 

**********~****************************************************** 



ITERATION 1 
Al= 1.42692 Bl= -1.27683 Cl= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .01fl59 B2= -.01513 C2~ 
NUSSELT NUMBER= 81.16468 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.42818 B3= -1.27701 C3= 

ITERATION 2 
A!= 1.42818 Bl= -1.27101 Cl= 
COEFFICIENTS FROM CURVE FIlTING 
A2= .0115S B2= -.01573 C2= 
NUSSELT NUMBER= 81.15917 
DIFFERENCE= .00550 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.42832 B3= -1.27699 C3= 

3.21805 01= -3.07702 

.03956 02= -.03783 

3.21094 03= -3.07107 

3.21094 01= -3.07107 

.03955 02= -.03783 

3.21005 03= -3.07035 
***************************************************************** 
ITERAT ION 3 
A1= 1.42832 B1= -1.27699 Cl= 3.21005 01= -3.07035 
COEFFICIENTS FROM CURVE FITTING 
A2= .01759 B2= -.01573 C2= .03955 02= -.03783 
NUSSELT NUt~BER= 81.15857 
DIFFERENCE= .00059 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.42833 B3= -1.27699 C3= 3.20995 03= -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 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOri IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANOTL NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.500 
70000.0 

35000.0 

***************************************************************** 
S= 35.040 
N= 52.180 

***************************************************************** 
ITERATION 1 
Al= 1.41093 B1= -1.28748 C1= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .• 01335 B~= -.01218 C2= 
NUSSELT NUMBER= 106.39691 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.42116 B3= -1.29651 C3= 

3.34873 01= -3.17134 

.03107 02= -.02940 

3.30611 03= -3.12910 
**************************~************************************** 
1 TERATION 2 
A1= 1.42116 B1= -1.29651 Cl= 
COEFFICIENTS FROM CURVE FIllING 
A2= .01337 B2= -.01219 C2= 
NUSSELT NUMBER= 106.36012 
DIFFERENCE= .03679 
COEFFICIENT,S FROM 2. ITERATION 
A3= 1.42215 B3= -1.29671 C3= 

3.30611 01= -3.12910 

.03103 02= -.02937 

3.30076 03= -3.12456 



IT ERAT ION 3 
Al= 1.42215 Bl= -1.29677 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .01337 B2= -.01219 C2= 
NUSSELT NUMBER= 106.35524 
DIFFERENCE= .00488 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.42226 B3= -1.29675 C3= 

3.30076 Dl= ~3.12456 

.03102 D2= -.02937 

3.30009 D3= -3.12401 
***************************************************************** 
ITERATION 4 
Al= 1.42226 Bl= -1.29675 Cl= 3.30009 D1= -3.12401 
COEFFICIENTS FROM CURVE FIllING 
A2= .01337 B2= -.01219 C2= .03102 D2= -.02937 
NUSSELT NUMBER= 106.35467 
DIFFERENCE= .00057 
COEFFICIENTS FROM 4. ITERATION 
A3=· 1.42227 B3= -1.29675 C3= 3.30001 D3= -3.12395 
VALUES FOR TElvlPER ATUR E DI S lR I BUT! ON 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.422 1.322 1.269 1.245 1.231 1.208 1.157 1.060 .897 .650 .301 

********************~******************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT .WALL TEI-1PERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.500 
100000.0 

50000.0 

***************************************************************** 
S= 46.970 
N= 69.270 

***************************************************************** 
ITERAT ION 1 
Al= 1.42047 Bl= -1.31312 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .00987 B2= -.00913 C2= 
NUSSELT NUMBER= 143.80785 
COEFFICIENTS FROM 1.ITERAlION 
A3= 1.41950 B3= -1.31412 C3= 

IT ERAT ION 2 

3.36792 Dl= -3.16811 

.02347 D2= 7.02207 

3.37610 D3= -3.17417 

Al= 1.41950 Bl= -1.31412 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 FROM 2. ITERATION 
A3= 1.41938 B3= -1.31417 C3= 3.37696 D3= -3.17484 
VALUES FOR TH1PERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.419 1.318 1.266 1.243 1.230 1.209 1.160 1.065 .903 .657 0.000 

***************************************************************** 



CALCULATION OF NUSSELT NUMBER 
FULL Y 0 EV ELOP ED TUR BUL ENT FLOH IN PIPE 
CONSTANT WALL TEMPERATUR E 
*****~*********************************************************** 

PRANDTL NUMBER= 
~EYNOLDS NUMBER= 
PECLET NUMBER = 

.100 
3000.0 

300.0 

***************************************************************** 
S= 2.860. 
N= 3.310 

***************************************************************** 
IT ERAT ION 1 
Al= 1.36014 Bl= 
COEFFICIENTS FROM 
A2= .26410 B2= 
NUSSEL T NUMBER= 
COEFFICIENTS FROM 
A3= 1.55703 B3= 

-.35343 Cl= 
CUR V E FIT TIN G 

.02652 C2= 
5.8954;' 
. 1. ITER A T I ON 

.15635 C3= 

1.26467 01= -2.27121 

-.23683 02= -.05676 

-1.39626 03= -.33463 
***************************************************************** 
ITERATION 2 
Al= 1.55703 B1= .15635 Cl= -1·.39626 01= -.33463 
COEFFICIENTS FROM CURVE FI1TING 
A2= .27789 B2= .03089 C2= -.29394 02= -.01776 
NUSSELT NUMBER= 5.72806 
DIFFERENCE= .16741 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.59180 B3= .17695 C3= -1.68375 03= -.10175 
***************************************************************** 
ITERATION 3 
Al= 1.59180 Bl= .17695 Cl= -1.68375 01= -.10175 
COEFFICIENTS FROM CURVE FI1TING 
A2= .27974 B2= .03117 C2= -.30115 02= -.01267 
NUSSELT NUMBER= 5.70763 
DIFFERENCE= .02043 
COEFFICIENTS FROM 3.ITERAlION 
A3= 1.59668 B3= .17i91 C3= -1.71886 03= -.07234 
***************************************************************** 
ITERATION 4 
Al= 1.59668 Bl= .11i91 Cl= -1.71886 01= -.07234 
COEFFICIENTS FROM CURVE FIllING 
A2= .21999 B2= .03119 C2= -.30209 02= -.01200 
NUSSELT NUMBER= 5.70496 
DIFFERENCE= .00266 
COEFFICIENTS FROM 4. ITERATION 
A3=· 1.59734 B3= .17198 C3= -1.72342 03= -.06849 
***************************************************************** 
ITERATION 5 
Al= 1.59734 Bl= .17i98 Cl= -1.72342 01= -.06849 
COEFFICIENTS FROM CURVE FI1TING 
A2= .28002 B2= .03120 C2= -.30221 02= -.01191 
NUSSELT NUMBER= 5.70461 
DIFFERENCE= .00035 



COEFFICIENTS FROM 5.ITERAllON 
A3= ,'1.59743 B3= .17799 C3= -1./2402 03= -.06799 
VALUES FOR TEMPERATURE DIS1RIBUTION 
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 
CONST ANT vJ ALL TEMPERATUR E 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.100 
8000.0 

800.0 

***************************************************************** 
S= 6.430 
N= 9.000 

*************.****~********************************************** 

1 TERATION 1 
Al= 1.40905'Bl= 
COEFFICIENTS FROM 
A2= .16751 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 1.61087 B3= 

-1.18377 C1= 
CUR V E F I 1 T I NG 

-.05820 C2= 
9.61300 

1. ITERATION 
-.55949 C3= 

3.39464 01= -3.52895 

.06005 02= -.16596 

.57732 03= -1.59544 
***************************************************************** 
ITERAT ION 2 
A1= 1,.61087 B1~ -.55949 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .17775 B2= -.05811 C2= 
NUSSELT NUMBER= 9.31805 
DIFFERENCE= .29494 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.65629 B3= -.54149 C3= 

.57732 01= -1.59544 

.02565 02= -.14173 

.23909 03= -1.32072 
***************************************************************** 
ITERAT ION 3 
Al= 1.65629 B1= -.54149 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .17928 B2= -.05848 C2= 
NU SS EL T NUMB ER = 9.28042 
DIFFERENCE= .03763 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.66386 B3= -.54279 C3= 

.23909 01= -1.32072 

.02092 02= -.13813 

.19415 03= ·-1.28195 
***************************************************************** 
ITERAT ION 4 
Al= 1.66386 B1= -.54279 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .17952 B2= -.05856 C2= 
NUSSEL T. NUMBER = 9.27483 
DIFFERENCE= .00558 
COEFFICIENTS FROM 4. ITERATION 

.19415 01= ~1.28195 

.02022 02= -.13759 



A3= 1.66504 B3= -.54314 C3::: .18755 03= -1.27616 
***************************************************************** 
ITERAT ION 5 
A1= 1.66504 B1= -.54314 C1= .18755 01= -1.27616 
COEFFICIENTS FROM CURVE FITTING 
A2= .17955 B2= -.0585? C2= .02011 02= -.13751 
NUSSELT NUMBER= 9.27398 
DIFFERENCE= .00084 
COEFFICIENTS FROM 5. ITERATION 
A3= 1.66522 B3= -.54320 C3= .18655 03= -1.27528 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.665 1.611 1.553 1.484 1.396 1.280 1.131 .938 .697 .397 .033 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
R E YNOL OS NUM BER = 
PECLET NUMBER = 

.100 
10000.0 

1000.0 

***************************************************************** 
$= 7.560 
N= 10.930 

***************************************************************** 
ITERATION 1 
A1= 1.42854 B1= -1.21151 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .15203 B2= -.05542 C2= 
NUSSELT NUt-1BER= 10.72525 
COEFFICIENTS FROM 1. ITERAllON 
A3= 1.630~S B3= -.59447 C3= 

3.36337 01= ~3.47704 

.05378 02= -.14631 

.57689 03= -1.56930 
***************************************************************** 
ITERATION 2 
A1= . 1.6305S B1= -.59447 C1= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .16138 B2= -.05542 C2= 
NUSSELT NUMBER= 10.39243 
DIFFERENCE= .33281 
COEFFICIENTS FROM 2. ITERA1ION 

. A3= 1.67711 B3= -.57598 C3= 

.57689 01= -1.56930 

.02219 02= -.12396 

.23066 03= -1.28832 
***************************************************************** 
ITERATION 3 
A1= 1.6?717 B1= -.57598 C1= .23066 01= -1.28832 
COEFFICIENTS FROM CURVE FI1TING 
A2= .16283 B2= -.05579 C2= .0177202= -.12055 
NUSSELT NUMBER= 10.34903 
DIFFERENCE= .04340 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.6'851.4 B3= -.57737 C3= .18347 03= -1.24762 
~~:::*** ** **,**** ::,:~~: =!: :;!!#*::::::*:!~**:::~::::**::: ::::**::::::*:::::: *:~ **:'.;1;:*::::: ::;::::**:';::!: ** ** ***::::: * *':::: 



ITERATION 4 
A1= 1.68514-B1= -.57/31 C1= 
COEFF.ICIENTS FROM CURVE FIlTING 
A2~ .16305 B2= -.05586 C2~ 
NUSSELT NUMBER= 10.34242 
DIFFERENCE= .00661 
COEFFICIENTS FROM 4. ITERATION 
A3= 1.68642 B3= -.57775 C3= 

.18347 D1= -1.24762 

.01705 D2= -.12002 

.17636 D3= -1.24139 
***************************************************************** 
ITERATION 5 
A1= 1.68642 B1= -.57775 C1= 
COEFFICIENTS FROM CURVE FIllING 
A2= .1630S B2= -.05587 C2= 
NUSSELT NUMBER= 10.34139 
DIFFERENCE= .00103 
COEFFICIENTS FROM 5.ITERAlION 
A3= 1.68662 B3= -.57781 C3= 

.17636 D1= -1.24139 

.01694 D2= -.11994 

.17525 D3= -1.24041 
***************************************************************** 
ITERATION 6 
A1= 1.68662 B1= -.57781 C1= .17525 D1= -1.24041 
COEFFICIENTS FROM CURVE FIllING 
A2= .1631C B2= -.05587 C2= .01693 D2= -.11993 
NUSSELT NUMBER= 10.34122 
DIFFERENCE= .00016 
COEFFICIENTS FROM 6.ITERAlION 
A3= 1.68665.B3= -.57/83 C3= .17508 D3= -1.24026 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 ~-100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.686 1.629 1.568 1.495 1.404 1.286 1.135 .942 .701 .404 .043 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE. 
CONSTANT WALL TEMPERATURE 
***~************************~************************************ 
PR ANDT L NUMB ER = 
REYNO LD S NUtv1B ER = 
PECLET NUMBER= 

.100 
30000.0 

3000.0 

***************************************************************** 
S=17.600 
N= 26.510 

************************************************~*****~********** 
ITERATION 1 
A1= 1./0922 B1= -.69410 C1= 
COEFFICIENTS FROM CURVE FIli'ING 
A2= .08358 B2= -.03399 C2= 
NUSSEL T NUMBER= 20.42563 
COEFFicIENTS FROM 1. ITERATION 
A3= 1.70736 B3= -.69438 C3= 

.30331 D1= -1.18216 

.01545 D2= -.05837 

.31561 D3= -1.19225 
***************************************************************** 
I TERA-TION 2 
A1= 1.70736 B1= -.69438 C1= 
COEFFICIE~rS FROM CURVE FIllING 

.31561 D1= -1.19225 



A2= .08356 B2= -.03398 C2= 
NUSSELT NUMBER= 20.42874 
DIFFERENCE= .00311 
COEFFICIENTS FROM 2.ITERAlION 
A3= i.?0704 B3= -.69433 C3= 

.01554 D2= -.05843 

.31746 D3= -1.19383 
********************************************************~******** 
I TERAT ION 3 
Al= 1.70704 Bl= -.69433 Cl= .31746 Dl= -1.19383 
COEFFICIENTS FROM CURVE FITTING 
A2= .08355 B2= -.03398 C2= .01555 02= -.05844 
NUSSELT NUMBER= 20.42926 
DIFFERENCE= .00051 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.70699 B3= -.69432 C3= .31776 03= -1.19408 
VALUES,FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.706 1.639 1.511 1.495 1.403 1.290 1.146 .967 .743 .469 .136 

***************************************************************** 

PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PEClET NUMBER= 

.100 
50000.0 

5000.0 

************~**************************************************** 

S= 26.620 
N= 39.910 

***************************************************************** 
] TERATION .1 
Al= 1.68665 Bl= -.57783 Cl= 
COEFFICIENTS FROM CURVE FIllING 
A2= .05158 B2= -.02626 C2= 
NUSSELT NUMBER= 29.70042 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.71025 B3= -.78001 C3= 

.17508 01= -1.24026' 

.02642 02= -.05483 

.78491 03= -1.62857 
***************************************************************** 
ITERATION 2 
Al= 1.71025 Bl= -.78007 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2=/ .05890 B2= -.02748 C2= 
NU5'SEL T NUMBER= 28.85461 
DIFFERENCE= .84580 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.69967 B3= -.79293,C3= 

.78491 01= -1.62857 

.03064 02= -.05904 

.88423 03= -1.70380 
***************************************************************** 

IT ERAT ION 3 
Al= 1.69967 Bl= -.79293 Cl= .88423 01= -1.70380 
COEF~ICIENTS FROM CURVE FITTING 
A2= .05877 B2= -.02746 C2= ~03107 02= -.05936 
NUSSELT NUMBER= 28.88329 
D IFFERENC E = .02867 
CO~FFICIENTS FROM 3. ITERATION 
A3= 1.69769' B3= -.79325 C3= .89751 03= -1.71474 
*********~******************************************************* 



ITERATION 4 
A1= 1.69769 B1= -.79325 Cl= 
COEFFICIENTS FROM CURVE FITTING 
A2~ .05875 B2= -.02745 C2= 
NUSSELT NUMBER= 28.88770 
DIFFERENCE= .00440 
COEFFICIENTS FROM 4. ITERATION 
A3= • 1.69735 B3= -.79322 C3= 

.89751 01=' -1.71474 

.03113 02= -.05941 

.89953 03= -1.71645 
***************************************************************** 
ITERATION 5 
Al= 1.69735 Bl= -.79322 Cl= .89953 01= -1.71645 
COEFFICIENTS FROM CURVE FITTING 
A2= .• 05875 B2= -.02745 C2= .03114 02= -.05942 
NUSSELT NUMBER= 28.88841 
DIFFERENCE= .00070 
COEFFICIENTS FROM 5.ITERAlION 
A3= 1.69730 B3= -.79322 C3= .89985 03= -1.71672 
VALUES FOR TEMPERATURE DISTRIBUTION 
ET A VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.697 1.625 1~560 1.493 1.414 1.311 1.174 .994 .759 .460 .087 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.100 
70000.0, 

7000.0 

***************************************************************** 
S= 35.0'40 
N= 52.180 

***************************************************************** 
ITERAT ION 1 
A1= 1.69357 B1~ -.72457 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .04393 B2= -.01879 C2= 
NUSSEL T NUMBER= 38.54191 
COEFFICIENTS FROM 1. ITERAlION 
A3=, 1.69348 83= -.72458 C3= 

.47235 01= -1.26445 

.01227 02= -.03282 

.47300 03= -1.26497 
***************************************************************** 
ITERATION 2 
A1= 1.69348 B1= -.72458 C1= .47300 01= -1.26497 
COEFFICIENTS FROM CURVE FITTING 
A2= .04393 82= -~01880 C2= .01227 02= -.03282 
NUSSEL T NUMBER= 38.54174 
DIFFERENCE= .00017 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.69346 83= -.72458 C3= .47313,03= -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 1.624 1.557 1.484 1.398 1.291 1.155 .984 .768 .502 .176 

***************************************************************** 



CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDT L NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.100 
100000.0 

10000.0 

***************************************************************** 
S= 46.970 
N= 69.270 

***************************************************************** 
ITERATION 1 
Al= 1.68237 B1= '-.76146 Cl·= .64393 Dl= -1.37660 
COEFFICIENTS FROM CURVE FIllING 
A2= .03305 B2= -.01499 C2= .01299 D2= -.02735 
NUSSELT NUMBER= 50.82581 
COEFFICIENTS FROM 1. ITERATION 

.1.67988 -.76211 -.66073 -1.39010 
***************************************************************** 
ITERATION 2 
Al= 1.67988 Bl= -.76211 Cl= .66073 Dl= -1.39010 
COEFFICIENTS FROM CUR VE F 111 I NG 
A2= .03303 B2= -.01499 C2= .01304 D2= -.02738 
NUSSELT NUMBER= 50.83603 
D IFF ER EN C E = .01021 
COEFFICIENTS FROf.1 . 2. I TER A TI ON 

1.67946 -.76209 .66326 -1.39221 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1'.679 1.608 1.542 1.472 1.391 1.290 1.160 .993 .781 .5 15 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONST ANT WALL TEMPER ATUR E 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.• 100 
300000.0 

30000.0 

***************************************************************** 
s= 116.400 
N= 165.120 

***************************************************************** 
1 T ERAT ION 1 
Al= 1.71079 B1= -.70027 Cl= .34591 Dl= -1.18143 
COEFFICIENTS FROM CURVE FITTING 
A2= .01237 B2= -.00544 C2= .00412,D2= -.00969 
NUSSELT NUMBER= 137.90175 
COEFFICIENTS FROrv1 1.ITERAlION 

1.70611 -.75071.56853 -1.33691 
***************************************************************** 
ITERATION 2 
Al= 1.706'11 B1= -.75071 C1= 
COEFFICIENTS FROM CURVE FITTING 

. 
.56853 Dl= -1.33691 



A2= .01242 B2= -.00550 C2= .00441 02= -.00996 
NUSSEL T NUMBER= 136.91001 
o IFF ERE NC E = .99174 
COEFFICIE·NTS FROM 2. I TERA T ION 

1.70142 -.75365 .60417 -1.36447 
VALUES FOR TEf>1PERATURE DISTRIBUTION 
ETA VALUES 
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 .517 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLo\~ IN PIPE 
CONSTANT WALL TEr~PERATURE 

***************************************************************** 
PRANDTL NUMBER= 
R E YNOL OS NUM BER = 
PEelET NUMBER= 

.050 
3000.0 

150.0 
***************************************************************** 
S= 2.860 
N= 3.310 

***************************************************************** 
I TERAT ION 1 
Al= 1.59743 Bl= .1/799 Cl= -1.72402 01= -.06799 
COEFFICIENTS FROM CURVE FITTING 
A2= .32434 B2= .04640 C2= -.48174 02= .10823 
NUSSEL T NUMBER = 5.20776 
COEFFICIENTS FROM 1. I TER All ON 
A3= 1.68911 B3= .24168 C3= -2.50879 03= .56366 
***************************************************************** 

I TERA TION 2 
Al= 1.68911 Bl= .24168 Cl= -2.50879 01= .56366 
COEFFICIENTS FROM CURVE FIllING 
A2= .33074 B2= .04648 C2= -.50558 02= .12569 . 
NUSSELT NUMBER= 5.15352 
01 FFERENCE= .05424 
COEFFICIENTS FROM 2.ITERAlION 
A3= 1.70450 B3= .23954 C3= -2.60552 03= .64774 
***************************************************************** 
ITERATION 3 
Al= 1.70450 B1= .23954 C1= -2.60552 01= .64774 
COEFFICIENTS FROM CURVE FIllING 
A2= .3316S B2= .04640 C2= -.50896 02= .12821 
NUSSELT NUMBER= 5.14579 
DIFFERENCE= .00773 
COEFFICIENTS FROM 3. ITERAlION 
A3= 1.70684 B3= .23879 C3= -2.61903 03= .65976 
************.**************************************************** 

ITERATION 4 
Al= 1.70684 Bl= 
COEFFICIENTS FROM 
A2= .33183 B2= 
NUSSELT NUMBER= 

.23879 Cl = 
CUR V E F I III NG 

.04639 C2= 
5.14466 

-2.61903 01= .65976 

-.50946 02= .12858 



DIFFERENCE= ~00113 
COEFFICIENTS FROM 4. ITERA1ION 
A3= 1.7071~ B3= .23867 C3= -2.62100 03= .66152 
********************************************~******************** 

ITERATION 5 
A1= 1.70719 B1= .23867 C1= -2.62100 01= .66152 
COEFF IC IENTSFROM CURVE FIllING 
A2= .33185 B2= .04638 C2= -.50953 02= .12863 
NUSSELT NUMBER= 5.14449 
DIFFER ENC E= .0001>6 
COEFFICIENTS FROM 5. I TER All ON 
A3= 1.70724 B3= .23865 C3= -2.62129 03= .66178 
VALUES FOR TEI"\PER ATUR E 01 S lR I BUTI ON 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.707 1.705 1.655 1.560 1.425 1.253 1.049 .816 .559 .281 -.013 

*******************************************.********************* 

CALCULATION OF NUSSELT NUMBER 
FUllY DEVELOPED TURBULENl FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTl NUMBER= 
REYNOLDS NUMBER= 
PEClET NUMBER= 

.050 
8000.0 

400.0 

****************************************.************************ 
S= 6.430 
N= 9.000 

****~************************************************************ 

ITERATION 1 
A1= 1.80733 B1= -.33245 C1= -1.20645 01= -.24303 
COEFFJCIENTS FROM CURVE F 11 TI NG 
A2= .24588 B2= -.04118 C2= -.16804 02= -.03427 
NUSSELT NUMBER= 7.27847 
COEFFICIENTS FROM 1 • I TERA lION 
A3= 1.78965 B3= -.29977 C3= -1.22310 03= - .24945 
***************************************************************** 

ITERATION 2 
A1= 1.78965 B1= -.29977 Cl= -1.22310 01= 
COEFFICIENTS FROM CURVE FITTING 
A2= .24432 B2= -.04059 C2= -.16759 02= 
NUSSEL T NUMBER= 7.32333 
DIFFERENCE= .04486 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.78928 B3= -.29728 C3= -1.22731 03= 

ITERAT ION 3 
A1= 1.78928 B1= -.29728 C1= -1.22731 01= 
COEFFICIENTS FROM CURVE FITTING 
A2= .24432 82= -.04058 C2= -.16761 02= 
NUSSElT NUMBER= 7.32324 
DIFFERENCE= .00Q09 

-.24945 

-.03378 

-.24743 

-.24743 

-.03377 



COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.78926 B3= -.29717 C3= -1.22750 03= -.24734 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .• 100 .200 .300 .400 .500 .600 _.700 .800 .900 1.000 

THETA VALUES 
1.789 1.747 1.678 1.582 1.458 1.302 1.115 .894 .639 .347 .017 

~**************************************************************** 

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

PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.050 
10liOO.O 
500.0 

~*****************************************~********************** 

$= 7.560 
N= 10.930 

1 TERAT ION 1 
Ai= 1.68665 Bl= -.57783 Cl= .17508 01= -1. 24026 
COEFFICIENTS FRot~ CURVE FITTING 
A2= .22118 B2= -.04150 C2= -.12797 02= -.04859 
NUSSEL T NUMB ER = 8.04985 
COE FF IC IENTS FRorvl 1. ITER ATI ON 
A3= 1.78052 B3= -.33411 C3= -1.03019 D3= -.39120 
***************************************************************** 
I TERA TION . 2 
Al=1.78052 Bl= -.33411 Cl= -1.03019 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .22723 B2= -.04167 C2= -.14883 02= 
NUSSELT NUMBER= 7.93249 
DIFFERENCE=.11736 
COEFFICIENTS FROM 2. ITERATION 
l3= 1.80251 B3= . -.33058 C3= -1.18059 D3= 

-.39120 

-.03353 

-.26604 
***********************************************~***************** 

ITERATION 3 
lI= 1.80251 B1= -.33058 C1= -1.18059 Dl= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .22822 B2= -.04194 C2= -.15189 02= 
NUSSELT NUMBER= 7.91572 
DIFFERENCE= .01676 
COEFFICIENTS FROM 3. ITERATION . 

. A3= 1.80652 B3= -.33205 C3= -1.20236 03= 

-.26604 

-.03116 

-.24673 
***************************************************************** 
ITERATION 4 
AI= 1.80652 Bl= ~.33205 Cl= -1.20236 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .22838 B2= -.04200 C2= -.15239 02= 
NUSSELT NUMBER= 7.91297 
DIFFERENCE= .00274 
COEFFICIENrS FROM 4. ITERA1ION 

-.24673 

-.03077 



A3= 1.80721 B3= -.33239 C3= -1.20586 03= -.24356 
*******************************.********************************* 
ITERATION 5 
Al= 1.807~1 Bl= -.33239 Cl= -1.20586 01= -.24356 
COEFFICIENTS FROM CURVE FI1TING 
A2= .22841 B2= -.04201 C2= -.15247 02= -.03071 
NUSSELT NUMBER= 7.91251 
DIFFERENCE= .00046 
COEFFICIENTS FROM 5.ITERAlION 
A3= 1.80733 B3= -.33245 C3= -1.20645 03= -.24303 
VALUES FOR TEMPERATURE OIS1RIBljTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.807 1.761 1.690 1.592 1.465 1.309 1.121 .900 .644 .353 .025 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEV~LOPED TURBULENT FLOW IN PIPE 
CONSTANT ~IALL TEMPERATURE 
***************************************************************** 
PR ANDTL NUMB ER = 
REYNOLDS NU'MBER= 
PECLET NUMBER= 

.050 
30000.0 

1500.0 

***************************************************************** 
S= 17.600 
N= 26.510 

***************************************************************** 
ITERATION 1 
Al= 1.86553 Bl= -.43631 Cl= -1.01193 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .13055 132= -.02303 C2= -.10182 02= 
NUSSELT NUMBER= 14.44027 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.88521 B3= -.33265 C3= -1.47033 03= 

-.36458 

-.00291 

-.04210 
***************************************************************** 
ITERAT ION 2 
Al= 1.88521 Bl= -.33265 Cl= -1.47033 01= 
COEFFICIENTS FROM CURVE FITTING 
A2= .13075 B2= -.02276 C2= -.10600 02= 
NUSSELT NUMBER= 14.48770 
DIFFERENCE= .04743 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.89436 B3= -.32981 C3= -1.53581 03= 

-.04210 

.00078 

.01137 
***************************************************************** 
ITERAT ION 3 
Al= 1.89436 Bl= -.32981 Cl= -1.53581 01= 
COEFFICIENTS FROM CURVE FITTING 
A2= .13099 B2= -.02282 C2= -.10678 02= 
NUSSEL T NUMBER= 14.47439 
DIFFERENCE= .01330 
COEFFICIENTS FROM 3. ITERAliON 
A3~ 1.89613 B3= -.33036 C3= -1.54558 03= 

.01137 

.00137 

.01995 



***************************************************************** 
ITERAT ION 4 
Al= 1.89613 B1= - .• 33036 C1= -1.54558 01= 
COEFFICIENTS FROM CURVE FITTING 
A2= .13104 B2= -.02283 C2= -.10691 02= 
NUSSELT NUMBER= 14.4721~ 

DIFFERENCE= .00225 
COEFFICIENTS FROM 4. ITERATION 
A3= 1.89645 B3= -.33050 C3= -1.54722 03= 

.01995 

.00148 

.02142 
***************************************************************** 
ITERAT ION 5 
Al= 1.89645 B1= -.33050 C1= -1.54722 01= .02142 
COEFFICIENTS FROM CUR V E . FIT TIN G 
A2= .13104 B2= -.02284 C2= -.10693 02= .00149 
NUSSELT NUMBER= 14.47173 
DIFFERENCE= .00040 
COEFFICIENTS FROM 5. ITERATION 
A3= 1.89651 B3= -.33053 C3= -:1.54751 03= .02168 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.896 1.848 1. -'68 1.658 1.518 1.347 1.145 .914 .652 .361 .040 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
CALCULATION OF NUSSELT NUMBER 
FULL Y 0 EV ELOP ED T LR BUL ENl FLm~ IN PIPE 
CONSTANT WALL TEMPERATURE 
*******~**~****************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.05G 
50000.0 

2500.0 

***************************************************************** 
S= 26.620 
N= 39.910 

******~********************************************************** 
ITERATION 1 
Al= 1.86553 B1= -.43631 Cl= -1.01193 01= 
COEFFICIENTS FROM CURVE FIllING 
A2= .09486 B2= -.02031 C2= -.06299 02= 
NUSSELT NUMBER= 19.61533. 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.86076 B3= -.39973 C3= -1.23551 03= 

-.36458 

-.00651 

-.12787 

****************************************************~************ 
ITERATION 2 
Al= 1.86076 Bl= -.39973 Cl= -1.23557 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .09446 B2= -.02070 C2= -.06169 02= 
NUSSELT NUMBER= 19.69719 
DIFFERENCE= .08185 
COEFFICIENTS FROM 2.ITERAlION 
A3= 1.86063 B3= -.40/83 C3= -1.21515 03= 

-.12787 

-.00707 

-.13935 
***************************************************************** 



ITERAT ION 3 
A1= "1.86063 B1= -.40i83 C1= -1.21515 01= -.13935 
COEFFICIENTS FROM CURVE FITTING 
A2= .09443 B2= -.02072 C2= -.06156 02= -.00715 
NUSSELT NUMBER= 19.70127 -
o IFFERENC E = .00408 
COEFFICIENTS FROM 3. I TERA lION 
A3= 1.86043 B3= -.40822 C3= -1.21293 03= -.14098 
VALUES FOR TH1PER ATUR E OIS1RI BUTION 
ETA VALUES 
"0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 
THETA VALUES 

1.860 1.807 1.129 1.624 1.494 1.335 1.148 .931 .685 .407 0.000 
***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDT-L NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.050 
70000.0 

3500.0 

***************************************************************** 
S= 35.040 
N= 52.180 

***************************************************************** 
ITERATION 1 
A1= 1.8655,3 B1= -.43631 C1= -1.01193 D1= 
COEFFICIENTS FROM CURVE FIllING 
A2= .01290 B2= -.01390 C2= -.05550 D2= 
NUSSELTNUMBER= 25.82229 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.88269 B3= -.35901 C3= -1.43317 D3= 

-.36458 

.00026 

.00680 

***************************************************************** 
ITERATION 2 
A1= 1.882bS B1= -.35907 C1= -1.43317 D1= 
COEFFICIENTS FROM CURVE FilTING 
A2= .01324 B2= -.01425 C2= -.05566 D2= 
NUSSELT NUMBER= 25.74581 
DIFFERENCE= .07648 
COEFFICIENTS FROM 2. ITERAlION 
A3= 1.88568 B3= -.36694 C3= -1.43315 D3= 

.00680 

.00048 

.01240 
***************************************************************** 
ITERATION 3 
Ai= 1.88568 B1= -.36694 Cl= -1.43315 Dl= 
COEFFICIENTS FROM CURVE FITTING 
A2= .07326 B2= -.01427 C2= -.05570 D2= 
NUSSELT NUMBER= 25.74376 
DIFFERENCE= .00205 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.88607 B3= -.36756 C3= -1.43399 03= 

.01240 

.00052 

.01348 
***************************************************************** 
ITERATION 4 
A1= 1.88601 Bl= -.36756 C1= -1.43399 D1= 
COEFFICIENTS FROM CURVE FI1TING 
A2=. .07326 B2= -.OL428 C2= ,-.05571 D2= 
NUSSELT NUMBER= 25.74312 
D IFF ER ENe E= • 0006 3 
COEFFICIENTS FROM 4. ITERATION 

.01348 

.00053 



A3= 1.88613 B3= -.36i61 C3= -1.43423 D3= .01371 
VALuES FOR TEMPER ATUR E DI S lR I BUTI ON 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.886 1.835 1.755 1.647 1.510 1.345 1.152 .930 .681 .403 .098 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENl FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
R E YNOL OS NUM BER = 
PECLET NUMBER = 

.050 
100000.0 
5000.0 

***************************************************************** 
S= 46.970 
N= 69.270 

***************************************************************** 
I TERAT ION 1 
Al= 1.83084 Bl= -.47589 Cl= -.84826 01= 
COEFFICIENTS FROM 'CURVE FITTING 
A2= .05745 B2= -.01586 C2= -.02277 02= 
NUSSELT NUf'1BER= 31.64911 
COEFFICIENTS FROt'1 1. ITERATION 

1.81853 -.50200 ~.72092 -.46267 

-.37968 

-.01461 

***************************************************************** 
ITERATION 2 
Al= '1.81853 B1= -.50200 C1= -.72092 01= -.46267 
COEFFICIENTS FROl'-1 CURVE FITTING 
A2= .05725 B2= -.01587 C2= -.02207 02= -.01510 
NU SS EL T NUl'-lB ER = 31.71179 
o IFFERENC E'= .06268 
COEFFICIENTS FROM 2. I TERA TION 

'1.81573 -.50344 -.70008 -.47909 
VALUES FORTEI''1PER ATUR E DISTRI BUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA ;VALUES 
1.815 1.757 1.683 1.588 1.471 1.329 1.158 .955 .719 .446 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLmJ IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDTL NUMBER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.050 
300000.0 

15000.0 

***************************************************************** 
$= 116.400 
N= 165.120, 

***************************************************************** 
ITERATION 1 
A1= 1.82888 B1= -.51325 C1= 
COEFFICIENT.S FROM CURVE FIllING 

~.65830 Dl= -.52106 



A2= .02252 B2= -.00637 C2= -.00790 02= -.00657 
NUSSELT NUMBER= 81.14624 
COEFFICIENTS FROM 1. ITERATION 

1.82781 -.51691 -.64113 -.53367 
***************************************************************** 
ITERATION 2 
A1= 1.82781 B1= -.51691 Cl= -.64113 01= -.53367 
COEFFICIENTS FRO I"! CUR VE F 1111 NG 
A2= .0225-1 B2= -.00632 C2= -.00803 02= -.00648 
NUSSELT NUMBER= 81.17696 
DIFFER ENC E= .03072 
COEFFICIENTS FROM 2. I TERAl1 ON 

1.82785 -.51318 -.65211 -.52625 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.827 1.769 1.694 1.600 1.484 1.342 1.171 .968 .730 .454 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONST ANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.050 
500000.0 

25000.0 

***************************************************************** 
s= 1 77.830 
N= 247.000 

***************************************************************** 
ITERATION·l 
Al= 1.83084 B1= -.47589 C1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .01389 B2= -.00367 C2= 
NUSSELT NUMBER= 133.12128 
COEFFICIENTS FROM 1. ITERAllON 

1.84971 -.48960 -.19274 

-.84826 01= -.37968 

-.00595 02= -.00327 

-.43606 
***************************************************************** 
ITERAT ION 2 
A 1::: 1.84977 B1= -.48960 Cl= -.79274 01= -.43606 
COEFFICIENTS FROM CURVE FITTING 
A2= .01408 B2= -.00373 C2= -.00594 02= -.00339 
NUSSELT NUt-1BER= 131.22029 
DIFFERENCE= 1.90099 
COEFFICIENTS FROM 2. ITERATION 

1.84786 -.48986 ...,..78043 -.44611 
VALUES FOR TEMPER ATUR E DIS TR I BUT ION 
ETA VALUE S 
0.000 .100 .200 .300 .400 .500 .600 • .700 .800 .900 1.000 

THETA VALUES 
1.84 -, 1.790 1.115 1.618 1.498 1.352 1.176 .969 .728 .449 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
C'ONSTANT WALL TEMPE~ATURE 



****************************~************************************ 

PRANDTl NUMBER= 
REYNOLDS NUMBER= 
PEClET NUMBER= 

.010 
3000.0 
30.0 

***************************************************************** 
S= 2.860 
N=3.310 

***************************************************************** 
ITERATION 1 
A1= 1.70724 B1= .23865 C1= -2.62129 D1= .66178 
COEFFICIENTS FROM CUR V E F I 1 T I NG 
A2= .39401 B2= .04656 C2= -.73947 D2= .29740 
NUSSElT NUMBER= 4.67045 
COEFFICIENTS FROM 1. ITERATION 
A3= 1.84025 B3= .21748 C3= -3.45366 D3= 1.38900 
***************************************************************** 
ITER A T ION - 2 
A1= 1.84025 B1= .21748 C1= -3.45366 D1= 1.38900 
COEFFICIENTS FROM CURVE FITTING 
A2= .40496 B2= .04330 C2= -.77474 D2= .32522 
NUSSElT NUMBER= 4.60463 
DIFFERENCE= .06582 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.86473 B3= .19940 C3= -3.56740 D3= 1.49754 
***************************************************************** 
ITERAT ION 3 
A1= 1.86473 B1= .19940 C1= -3.56740 D1= 1.49754 
COEFFICIENTS FROM CURVE FITTING 
A2= .40~81 B2= .04261 C2= -.78041 D2= .32978 
NUSSElT NUMBER= A.59396 
DIFFERENCE= .01067 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.86889 B3= .19577 C3= -3.58518 D3= 1.51500 
***************************************************************** 
ITERATION 4 
A1= 1.86889 B1= .19577 C1= -3.58518 D1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .40712 B2= .04249 C2= -.78134 D2= 
NUSSElT NUMBER= 4.59220 
DIFFERENCE= .00175 
COEFFICIENTS FROM 4. ITERATION 
A3= 1.86958 B3= .19514 C3= -3.58808 D3= 

1.51500 

.33053 

1.51787 
***************************************************************** 

.ITERATION 5 
A1= 1.86958 B1= .19514 C1= -3.58808 D1= 1.51787 
COEFFICIENTS FROM CURVE FITTING 
A2= .40717 B2= .04247 C2= -.78149 D2= .33065 
NUSSEl T NUMBER= 4.59191 
DIfFERENCE= .00029 
COEFFICIENTS FROM 5. ITERATION 
A3= 1.86970 B3= .19504 C3= -3.58856 D3= 1.51834 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES' 



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

1.869 1.854 1.777 1.646 1.470 1.259 1.022 .768 ,.506 .245 -.005 
***************************************************************** 

CALCULATION OF NUSSELT NUMB~R 
FULLY DEVELOPED TLRBULENTFLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUt-1BER= 
PECLET NUMBER = 

.010 
8000.0 
80.0 

***************************************************************** 
S= 
N= 

6.430' 
9.000 

***************************************************************** 
ITERATION 1 
Al= 1.99591 Bl= 
COEFFICIENTS FROM 
A2= .31045 B2 = 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 1.97932 B3= 

-.00024 Cl= 
CUR V E FIT TIN G 

.00275 C2= 
5.34281 
1. ITER A 1 I ON 

.01470 C3= 

-3.24915 01= 1.25874 

-.60744 02= .23466 

-3.24549 03= 1.25380 
***************************************************************** 

ITERATION 2 
Al= 1.97932. Bl= .01470 Cl= -3.24549 01= 1.25380 
COEFFICIENTS FROM CURVE FI1TING 
A2= .36183 B2= .00294 C2= -.60362 02= .23327 
NUSSELT NUMBER= 5.38079 
DIFFERENCE= .03791 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.979Z~ B3= .01584 C3= -3.24798 03= 1.25521 
***************************************************************** 
1 TERATION 3 
Al= 1.97923 Bl= .01584 Cl= -3.24798 01= 1.25521 
COEFFICIENTS FROM CURVE FI1TING 
A2= .3678~ B2= .00295 C2= -.60366 02= .23330 
NUSSELT NUMBER= 5.38071 
01 FFERENCE= .00007 
COEFFICIENTS FROM 3. ITERAlION 
A3= 1.979L4 B3= .01589 C3= -3.24815 03= 1.25532 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 

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

1.979 1.949 1.862 1.725 1.546 1.332 1.090 .829 .555 .277 .002 
***************************************************************** 

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



PRANDT L NUf-1B ER = 
REYNOLDS NUMBER = 
·PECL ET NUMBER= 

.010 
10000.0 
100.0 

~******************************************~********************* 

S= 7.560 
N= 10.930 

***************************************************************** 
ITERATION 1 
Al= 2.03178 Bl= 
COEFFICIENTS FROM 
A2= .36364 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.00374 B3= 

.05649 C1= 
CUR V E F I 1 T I NG 

-.00041 C2= 
5.51022 

1. ITERATION 
-.00228 C3= 

-3.62480 D1= 1.53867 

-.59809 D2= .23583 

-3.29564 D3= 1.29948 
***************************************************************** 

ITERATION 2 
A1= 2.00374 B1= -.00228 C1= -3.29564 D1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .36084 B2= -.00022 C2= -.58828 D2= 
NUSSELT NUMBER= 5.53478 
DIFFERENCE= .02456 
COEFFICIENTS FROM 2. ITERATION 
A3= 1.99717 B3= -.00125 C3= -3.25601 D3= 

1.29948 

.22858 

1.26518 
*~*************************************************************** 

ITERAT ION 3 
A1= 1.99717 B1= -.00125 C1= -3.25601 D1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .36036 B2= -.00007 C2= -.58682 D2= 
NUSSELT NUMBER= 5.53853 
DIFFERENCE= .00374 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.99591 B3= -.00042 C3= -3.25014 B3= 

1.26518 

.22744 

1.25968 
***************************************************************** 

ITERATION 4 
A1= 1.99591 B1= -.00042 C1= -3.25014 D1= 1.25968 
COEFFICIENTS FROM CURVE FITTING 
A2= .36028 B2= -.00004 C2= -.58657 D2= .• 22724 
NUSSEL T 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 1.875 1.737 1.556 1.340 1.097 .835 .560 .281 .005 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN FIPE 
CONSTANT WALL TEMPERATURE 
*******************************************~********************* 

PRANDTL NUMBER= .• 010 
/ 



REYNOLDS NUMBER= 
PEeLET NUMBER = 

30000.0 
300.0 

***************************************************************** 
5= 17.600 
N= 26.510 

1 TERAT ION 1 
A1= 2.08447 B1= 
COEFFICIENTS FROM 
A2= .29211 B2= 
NUSSEL T NUMBER = 
COEFFICIENTS FROM 
A3= 2.06645 B3= . 

-.01529 C1= 
CUR V E FIT TIN G 

-.00093 C2= 
{ .07422 
1. ITER All ON 
-.00664 C3= 

-3.39742 D1= 1.34054 

-.48096 D2= .19124 

-3.40246 D3= 1.35289 
***************************************************************** 
ITERATION 2 
A1= 2.06645 B1= -.00664 C1= -3.40246 D1= 
COEFFICIENTS FROM CURVE FIlTING 
A2= .2894G B2= -.00090 C2= -.47716 D2= 
NUSSELT NUMBER= 7.14346 
D1 FFERENCE= ~06923 
CO E F F I C lEN T 5 FR 0 M 2. ITER A 1 I ON 
A3= 2.06734 B3= -.00645 C3= -3.40862 D3= 

1.35289 

.19010 

1.35798 
***************************************************************** 
ITERATION 3 
A1= 2 .06 73.4 B 1 = -.00645 Cl=· -3.40862 Dl= 1.35798 
COEFFICIENTS FROt"! CUR V E F I 1 TI NG 
A2= .28945 B2= -.00091 C2= -.47733 D2= .19023 
NU5SEL T NUMBER= 7.14275 
o IFF ER EN C E ::: .00070 
COEFFICIENTS FROt"! 3. I TERATI ON 
A3= 2.06751 B3= -.00654 C3= -3.40949 D3= 1.35878 
VALUES FOR TE.MPERATURE 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 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT I-JALL TEI"!PERATURE 
***************************************************************** 
PR ANDTL NUMB ER = 
REYNOLDS NUfvlBER= 
PECLET NUMBER= 

.010 
50000.0 
500.0 

***************************************************************** 
S= 26.620 
N= 39.910 

***************************************************************** 

ITERATION 1 



1= 1.99569 B1= -.00024 C1= -3.24915,01= 1.Z~tl(4 
OEFFICIENTS FROM CURVE F 11 TI NG . 

/ 

.23398 B2= 2-' - -.00145 C2= -.38169 02= .15053 
IUSSELT NUMBER= 8.90573 
,0 E F F I C I EN T S FROM 1. ITERATION 
.3= 2.08379 B3'= -.01291 C3= -3.39931 03= 1.34064 
:****************************************************.*********** 
,TERATION 2 
\ 1 = 2 • a 8 379 B 1 = ' - • 0 129 1 C 1 = - 3 • 3 9931 01 = 
:OEFFICIENTS FROM CURVE FITTING 
~2= .24380 B2= -.00177 C2= -.39737 02= 
JUSSELT NUMBER= 8.5494; 
HFFERENCE= .35625 
;OEFFICIENTS FROM 2. ITERATION 
~3= 2.08439 B3= -.01514 C3= ~3.39735 03= 

1.34064 

.15678 

1.34039 
:**************************************************************** 
[TERAT ION 3 
H= 2.08439 B1= -.01514 C1= -3.39735 01= 1.34039 
;OEFFICIENTS FROM CURVE FITTING 
~2= .24381 B2= -.00178 C2= -.39738 02= .15680 
~USSEL T NUMBER = 8.54935 
)l F FER E NC E = .00012 
;OEFFICIENTS FROM 3. I TERA lION 
1\3= 2.08447 B3= -.01529 C3= -3.39742 03= 1.34054 
JALUES FOR T H, P ER A T UR E DISTRIBUTION 
:TA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

fHETA VALUES 
2.084 2 .050 .~ .956 1.810 1.620 1.395 1.141 .868 .584 .296 .012 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER~ 

FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANOT L NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.010 
70000.0 
700.0 

***************************~************************************* 
S= 35.040 
N= 52.180 

***************************************************************** 
ITERATION 1 
Al= 2.074~1 B1= 
COEFFICIENTS FROM 
A2= .21181 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.07553 B3=' 

-.05293 C1= 
CUR V E FIll I NG 

-.00344 C2= 
9.79611 

1. ITER A T ION 
-.03374 C3= 

-3.19178 01= 1.18592 

-:-.33645 02= .13107 

-3.29592 03= 1.28407 
***************************************************************** 
ITERATION 2 
A1= 2.01553 B1= -.03374 C1= -3.29592 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .21172 B2= -.00370 C2= -.33594 02= 
NUSSELT NUMBER= '9.80688 
DIFFERENCE= .01077 
COEFFICIENTS FROr-l 2. ITERA1ION 

1.28407 

.13099 

~ I 

I 
I 
I 

·1 



A3= .2.07631 B3= -.03633 C3= -3.29452 D3= 1.28467 
***************************************************************** 
ITERAT ION 3 
Al= 2.07631 B1= -.03633 C1= -3.29452 Dl= 1.28467 
COEFFICIENTS FROM CURVE FITTING 
A2= .211 73 B2= -.00372 C2= -.33595 D2= .13101 
NU SS EL T NUf>1B ER = 9.80674 
DIFFER ENC E = .00013 
COEFFICIENTS FROM 3. I TERA TION 
A3= 2.07642 B3= -.03654 C3= -3.29461 D3= 1.28487 
VALUES FOR TEMPERA TUR E DIS TR I B U TI 0 N 
ETA VALUE S 
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 .871 .596 .311 .030 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDT L NUMB ER = 
REYNOLDS NUMBER = 
PECLET NUMBER= 

.010 
100000.0 
1000.0 

********************************************************~******** 
s= 46.970 
N= 69.270 

***************************************************************** 
ITERATION 1 
Al~ 2.05079 Bl= -.09027 Cl= -2.98833 Dl= 
COEFFICIENTS FROM CURVE FIllING 
A2= .1177S B2= -.00698 C2= -.26250 D2= 
NUSSELT NUMBER= 11.55856 
COEFFICIENTS FROM 1. -ITERATION 

2.05500 -.08068 -3.03417 1.10312 

ITERATION 2 
Al= 2.05500 Bl= -.08068 Cl= -3.03411 Dl= 
COEFFICIENTS FROM CURVEFIlTING 
A2= .17802 B2= -.00696 C2= -.26331 D2= 
NUSSELT NUMBER= 11.54908 
DIFFERENCE= .00948 
COEFFICIENTS FROM 2. ITERATION 

2.05599 -.08043 -3.04108 1.10879 

1.07294 

.09543 

1.10312 

.• 09600 

***************************************************************** 
IT ERAT ION 3 
Al= 2.05599 B1= -.08043 C1= -3.04108 D1= 1.10879 
VALUES FOR 1 EM P ER AT UR E DI S TR I BUT ION 
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 .889 .613 .328 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEM~ERATURE 
***************************************************************** 



t"'K AI\JU I L NUMt:) I:R = 
R EYNOLDSNUMBER = 
PECLET NUMBER= 

.0 Hj 
300000.0 
3000.0 

/ 

*************************************************~*************** 
s= 116.400 
N= 165.120 

***************************************************************** 
lTERATION 1 
Al= 2.04518 Bl= -.13493 Cl= -2.74437 01; 
COEFFICIENTS FROf'vl CURVE FIllING 
A2= .08888 B2= -.00i28 C2= -.11323 02= 
NUSSELT NUMBER= 22.83165 
COEFFICIENTS FROM 1. ITERATION 

2.02946 -.16644 -2.58536 .78511 

.89013 

.03438 

***************************************************************** 
ITERATION 2 
Al= 2.02946 Bl= -.16644 Cl= -2.58536 01= 
COEFFICIENTS FROM CURVE FIllING 
A2= .08748 B2= -.00556 C2= -.11141 D2= 
NUSSELT NUMBER= 23.3580i 
DIFFERENCE= .52641 
COEFFICIENTS FROM 2. ITERATION 

2~04350 -.13008 -2.74257" .88392 

ITERAT ION 3 
Al= 2.04350 Bl= -.13008 Cl= -2.74257 Dl= 
VALUES FOR 1 EN PER AT UR E DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 

THETA VALUES 
2.043 2.003 1.914 1./81 1.609 1.403 1.168 .911 

.78511 

.03784 

.88392 

.800 .900 1.000 

.636 .348 0.000 
***************************************************************** 

CALCULATION OF NUSSELT NUMBER. 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDT L NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.010 
500000.0 
5000.0 

***************************************************************** 
S = 177.830 
iII= 247.000 

***************************************************************** 
ITERATION 1" 
41= 2.0956S Bl= -.05i89 Cl= -3.15975 Dl= 1.16183 
:OEFFICIENTS FROM CURVE FIllING 
~2= .05866 B2= -.00210 C2= -.08668 D2= .03135 
~USSELT NUMBER= 35.61276 
:OEFFICIENTS FROM 1. ITERATION 

2.08924 -.07493 -3 .• 08-,26 1.11661 
~~~ .~'}~ ~~* *~~.~,~~ ~~~w~ ~~,~~,!* ::' ::,~:: ~-:;~, ::' ~,::, *.:~,:~ *::' ::!:~,::!: ::::::::: ~:;:::~:::: ::::; :::' ::::*:::: :::'~r:';::-r::~::~ ::!:;::!::',,:::: *:::: **:::: * ::::;:;::' *:;,:::: :;,*:::: 
lTERA TIoN 2' 
U=' • 2'~08924 Bl= -.07493 C1= -3.08126 01= 
:OEFFICIENTS FROf'-l CURVE FITTING 
'2=. .05854 B2= -.00212 C2= -.08624 02= 
~USSEL T NUMB,ER= 35.66251 

1.11661 

.03104 
,< " .. ' 
I . 



LJ.£. I I L.."L-I~\"l:- .U'"t":JI't 

COEFFICIENTS FROM 2. ITERAlION 
'2.08768 -.07568 -3.07562 1.10730 

********************~******************************************** 
ITERAT ION 3 
Al= 2.08768 Bl= ...,..07568 Cl= -3.07562 01= 1.10730 
VALUES FOR 1 EM P ER AT UR E DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.087 2.050 1.958 1.818 1.636 1.419 1.174 .907 .625 .335 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER = 
PECLET NUMBER = 

.005 
3000.0 
15.0 

***************************************************************** 
S= 2.860 
N= 3.310 

IT ERAT ION 1 
Al= 1.86970 Bl= 
COEFFICIENTS FROM 
A2= .41865 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 1.89438 B3= 

.19504 Cl= 
CUR V E FIT TIN G 

.03936 C2= 
4.52492 
1. ITER A 1I ON 

.17811 C3= 

-3.58856 01= 1.51834 

-.81937 02= .36047 

-3.70761 03= 1.63112 
***************************************************************** 
ITERATION 2 
Ai= 1.89438 Bl= .17811 Cl=' -3.70761 01= 1.63112 
COEFFICIENTS FROM CURVE FIllING 
A2= .42061 B2= .03856 C2= -.82528 02= .36526 
NUSSELT NUMBER= 4.51417 
DIFFERENCE= .01075 
COEFFICIENTS FROM 2.ITERAlION 
A3= 1.89872 B3= .17407 C3= -3.72545 03= 1.64888 
***************************************************************** 

ITERATION 3 
Ai= 1.89872 Bl= .17407 Cl=, -3.72545 01= 1.64888 
COEFFICIENTS FROM CURVE FIllING 
A2~ .42094 82= .03841 C2= -.82625 02= .36607 
NUSSELT NUMBER= 4.51236 
DIFFERENCE= .00180 
COEFFICIENTS FROM 3. ITERATION 
A3= 1.89946 83= .17334 C3= -3.72838 03= 1.65184 
*********************************************~******************* 

I TERA TION 4 
Al=1.89946 Bl= .17334 Cl= -3.72838 01= 1.65184 
COEFFICIENTS FROM CURVE FI1TING P' 

,I 



A2= .4210C B2= .03839 C2= -.82642 02= .36620 
NUSSELT NUMBER= 4.51206 
DIFFER ENC E= .00030 
COEFFICIENTS FROM 4. I TER All ON 
A3= 1.89958 B3= .17322 C3= ~3.72887 03= 1.65234 
VALUES FOR TErvlPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .80p .9 00 1.000 

THETA VALUES 
1.899 1.881 1.798 1.660 1.4?8 1.260 1.018 .760 .497 .239 -.003 

***************************************************************** 

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

PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.005 
8000.0 
40.0 

***************************************************************** 
S= 6.430 
N= 9.000 

***************************************************************** 
ITERATION 1 
AI= 2.03158 B1= 
COEFFICIENTS FROM 
A2= .39812 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.01507 B3= 

.05666 C1= 
CUR V E . FIll I NG 

.01~02 C2= 
5.06139 

1. ITERATION 
.06592 C3= 

-3.62394 01= 1.53784 

-.71286 02= .30182 

-3.60806·03= 1.52767 
***************************************************************** 
I TERAT ION 2 
A1= 2.01507 B1= .06592 C1= -3.60806 01= 1.52767-
COEFFICIENTS FROM CURVE FITTING 
A2= .39526 B2= .01308 C2= -.70796 02= .29974 
NUSSELT NUMBER= 5.09763 
DIFFERENCE= .03623 
COEFFICIENTS FROM 2. ITERATION 
A3= 2.01489 B3= .06669 C3=, -3.60896 03= 1.52797 
***************************************************************** 
I TERAT ION 3 
Al: 2.01489 Bl= .06669 Cl= ~3.60896 01= 1.52797 
COEFFICIENTS FROM CURVE FITTING 
A2= .39525 B2= .01309 C2= -.70796 02= .29973 
NUSSELT NUMBER= 5.09765 
DIFFERENCE= .00001 
COEFFICIENTS FROM 3. ITERATION 
A3= 2.01487 B3= .06&74 C3= -3060896 03= 1.52794 
V~LUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000.100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.014 1'.986 1.896 1.7511.561 1.336 1.085 .817 .540 .265 O~OOO~ 

***************************************************************** 



CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPEDTLRBULENT FLat,! IN PIPE 
CONSTANT WALL TEMPERATURE 

****************************************************~************ 

PRANDTL NUf.1BER= 
REYNOLDS NUMBER= 
PECLET NUlvJBER = 

.005 
10000.0 
50.0 

***************************************************************** 
S= 7.560 
N= 10.930 

***************************************************************** 
IT ERAT ION 1 
A1= 2.06344 B1= 
COEFFICIENTS FROM 
A2= .39415 B2= 
NU SS EL T NUMB ER = 
COEFFICIENTS FROM 
A3= 2.03872 B3= 

.10572 C1= 
CUR V E FIT TIN G 

.01053 C2= 
5.17237 
1. ITER A 1 I ON 

.05450 C3= 

-3.95344 D1= 1.78410 

-.70844 D2= .30421 

-3.66432 D3= 1.57350 
***************************************************************** 
ITERATION 2' 
A1= 2.03872 B1= .05450 C1= -3.66432 D1= 1.57350 
COEFFICIENTS FROM CURVE FIllING 
A2= .39141 B2= .01072 C2= -.69899 D2= .29722 
NUSSELT NUMBER= 5.19299 
DIFFERENCE= .02061 
COEFFJCIENTS FROM ,2. ITERAlION 
A3= 2.0329C B3= .05569 C3= -3.62987 D3= 1.54348 
***************************************************************** 
I TERA TION 3 
A1= 2.0329~ B1= .05569 C1= -3.62987 D1= 1.54348 
COEFFICIENTS FROM CURVE FIllING 
A2= .39101 B2= .01081 C2= -.69759 D2= .29611 . 
NUSSELT NUMBER= 5.19614 
DIFFERENCE= .00315 
COEFFICIENTS FROM 3. ITERATION 
A3= 2.03178 B3= .05649 C3= -3.62480 D3= 1.53867 
***************************************************************** 
ITERATION 4 
A1= 2.03178 B1= .05649 Cl= -3.62480 Dl= 
COEFFICIENTS FROM CURVE FIllING 
A2= .39093 B2=, .01090 C2= 
NUSSELT NUMBER= 5.19669 
DIFFERENCE= .00054 
COEFFICIENTS FROM 4.ITERAlION 

-.69735 D2= 

A3= 2.03158 B~= .05666 C3= -3.62394 D3= 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES' 
0.000 .100 .200 .300 .400 .500 .600 .700 

THETA VALUES 

1.53867 

.29592 

1.53784 

.800 .900 1.000 

2.0312.002 1.910 1.763 1.512 1.346 1.093 .822 .544 .268 .002, 
***************************************************************** I 



CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENl FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDTL NUMB ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.005 
30000.0 
150.0 

***************************************************************** 
S= 17.600 
N= 26.510 

***************************************************************** 
·ITERATION 1 
A1= 2.09955 B1= 
COEFFICIENTS FROM 
A2= .3444~ B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.09982 B3= 

.05116 C1= 
CUR V E F I 11 I NG 

.00839 C2= 
6.09567 

1. ITERATION 
.05119 C3= 

-?>.75207 D1= 1.60656 

-.61582 D2= .26380 

""3.75384. D3= 1.60804 
*************************************************~*************** 

I TERAT ION 2 
A1= 2.09982 B1= .05119 C1= -3.75384 D1= 1.60804 
COEFFICIENTS FROM CURVE FITTING 
A2= .34449 B2= • 00839 C2= -.61588 D2= .26384 
NUSSELT NUMBER = 6.09544 
DIFFERENCE= .00022 
COEFFICIENTS FROM 2 • I TERA lION 
A3= 2.09987 B3= • 05116 C3= -3.75408 D3= 1.60826 
VALUES FOR TEf'lPERA TUR E DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.099 2.069 1.9;'2 1.820 1.622 1.387 1.126 .84-( .561 .277 .005 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLm~ IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRAND TL NUt>1 BER = 
REYNOLDS NUMBER= 
PECLET NUMBER = 

.005 
50LOO.0 
250.0 

********************~******************************************** 

S= 26.620 
N= 39.910 

***************************************************************** 

I TERAT ION 1 
A1= 2.03158 B1= 
COEFFICI~NTS FROM 
A2= .29677 B2= 

.05666 C1= 
CURVE FITTING 

.00723 C2= 

-3.62394 D1= 

-.52961 D2= 

1.53784 

.22645 



NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.12035 B3= 

i.14476 
1. ITER A 11 ON 

.05165 C3= -3.78398 03= 1.61797 
***********************************~***************************** .' 

ITERATION 2 
AI= 2.12035 B1= .05165 C1= -3.78398 01= 1.61797 
COEFFICIENTS FROM CURVE FIllING 
A2= .30939 B2= .00i35 C2= -.55189 02= .23602 
NUSSELT NUMBER= 6.85437 
DIFFERENCE= .29039 
COEFFICIENTS FROM 2.ITERA110N 
A3= 2.12068 B3= .05042 C3= -3.78286 03= 1.61780 
***************************************************************** 
ITERATION 3 
Al= 2.12068 B1= .05042 C1= -3.78286 01= 1.61780 
COEFFICIENTS FROM CURVEFI1TING 
A2= .30939 B2= .00734 C2= -.55190 02= .23603 
NUSSELT NUMBER= 6.85431 
DIFFERENCE= .00005 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 2.12072 B3= .05034 C3= -3.78290 03= 1.61788 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
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 W·ALL TEMPERATURE 
*********************************,******************************* 
PRANDTL NUMBER= 

. REYNOLDS NUMBER= 
PECLET NUMBER= 

.005 
70000.0 
350.0 

***************************************************************** 
S= 35.040 
N= 52.180 

***************************************************************** 

ITERATION 1 
A1= 2.12150 B1= .03176 Cl= -3.68677 01= 1.54150 
·COEFF IC IENTS FROM CURVE F 11 TI NG 
A2= .2822 i B2= .00423 C2= -.49050 02= .20506 
NUSSELT NUMBER= 7.51556 
COEFFICIENTS FROM 1. I TERA TION 
A3= 2.12142 B3= .03182 C3= -3.68645 03= 1.54119 
***************************************************************** 

I TERAT ION 2 
A1= 2.12142 B1= .03182 C1= -3.'68645 01= 1".54119 
COEFFICIENTS FROM CURVE FITTING 
A2= .28226 B2= .00423 C2= -.49049 02= .20505 
NUSSEL T NUMBER= . i.5155? 
01 F F ER E NC E·= 0.00000 



COEFFICIENTS FROM 2. I TERA lION 
A3= 2.12141 B3= .03183C3= -3.68638 03= 1.54112 
VALUES FOR T EM P ER A T UR E' DIS TR I BUT ION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.121 2.089 1.992 1.840 1.642 1.408 1.146 .865 .576 .287 .007 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEt'iPERATUR E 
***************************************************************** 
PRANDTL NUMBER = 
REYNOLDS NUMBER= 
PECL ET NUt.l\BER= 

.005 
100000.0 

500.0 

*************~*************************************************** 
S= 46.970 
N= 69.270 

***************************************************************** 
ITERATION 1 
Al= 2.12141 Bl= 
COEFFICIENTS FROM 
A2= .24763 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.13425 B3= , 

.03183 C1= -3.68638 01= 
CUR V E F I 111 NG 

.00578 C2= -.43950 02= 
8.61848 

1. I TERA lION 
.04983 C3= -3.78784 03= 

1.54112 

.18785 

1.61906 
***************************************************************** 
ITERATION 2 
Al= .2.13425 Bl= .04983 C1= -3.78784 01= 1.61906 
COEFFICIENTS FROM CURVE FIllING 
A2= .2490G B2= .00566 C2= -.44197 02= .18910 
NUSSELT NUMBER= 8.57427 
DIFFERENCE= .04420 
COEFFICIENTS FROM 2. ITERA1I.ON 
A3= 2.13502 B3= .04856 C3= -3.7896303= 1.62147 
***************************************************************** 
IT ERAT ION 3 
AI= 2.13502 B1= .04856 Cl= -3.78963 01= 1.62147 
COEFFICIENTS FROM CURVE FITTING 
A2= .24903 B2= .00564 C2= -.44204 02= .18916 
NUSSELT NUMBER= 8.57381 
DIFFERENCE= .00039 
COEFFICIENTS FROM 3. ITERATION 
A3= 2.13515 B3= .04839 C3= -3.79001 03= 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 .578 .291 .015 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
F'ULLY DEVELOPED TLRBULENT FLO~J IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PR ANDTL NUMB ER = 
REYNOLDS NUMBER= 

.005 
.300000.0 



PECLET NUMBER= 1500.0 

***************************************************************** 
s= 116.400 
N= 165.120 

**********************~****************************************** 
ITERATION 1 
Al= 2.14039 Bl= .03693 Cl= -3.67179 Dl= 1.51367 
COEFFICIENTS FROt-1 CURVE FITTING 
A2= .14343 B2= .00258 C2= -.24857 D2= .-10384 
NUSSELT NUMBER= 14.97215 
COEFFICIENTS FROM 1. ITERATION 

2.14758 .03866 -3.72i72 1.55478 
***************************************************************** 
I TERATI ON 2 
Al= 2~14758 Bl= .03866 Cl= -3.72172 Dl= 1.55478 
COEFFICIENTS FROM CURVE FI1TING 
A2= .14364 B2= .00252 C2= -.24924 D2= .10435 
NUSSELT NUMBER= 14.96024 
DIFFERENCE= .01191 
COEFFICIENTS FROM 2. ITERA1ION 

2.14903 .03780 -3.72871 1.56122 
***************************************************************** 
IT ERAT ION 3 
Al= 2.14903 Bl= .03780 Cl= -3.72871 Dl= 1.56122 
COEFFICIENTS FROM CURVE FITTING 
A2= .14368 B2= .00251 C2= -.24935 D2= .10444 
NU SS EL 1. NUNB ER = 14.95825 
DIFFERENCE= .00198 
COEFFICIENTS FROM 3. ITERATION 

2.14930 .03759 -3.72985 1.56233 
***************************~************************************* 
ITERATION 4 . 
Al= 2.1493G Bl= .03759 Cl= -3.72985 Dl= 1.56233 
COEFFICIENTS FROM CUR VE FIll I NG 
A2= .1436<; B2= .00251 C2= -.24936 D2= .10446 
NUSSELT NUMBER= 14.95790 
DIFFER ENC E= .00035 
COEFF IC IENTS FRat", 4. I TER A TI ON 

2.14935 .03754 -3.73004 1.56252 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ET A VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.149 2.117 2.020 1.867 1.661 1.430 1.166 .883 .592 .:3 00 .019 

.005 300000.0 1500.0 
14.95790 -5.29831 12.61153 7.31322 

VALUES FOR T E M P ER AT UR E DIS1RIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.149 2.ll 7 2.020 1.867 1.667 1.430 1.166 .883 .592 .300 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= / 

.005 
500000.0 

. ,I 



~ 

PECLET NUMBER= 2500.0 

*****************************************************~*********** 
S= 177.830 
N= 247.000 

***************************************************************** 
ITERATION 1 
A1= 2.13515 B1= .04839 C1= -3.79001 D1= 1.62190 
COEFFICIENTS FROM CURVE FIllING 
A2= .10137 B2= -.00003 C2= -.16858 D2= .06855 
NUSSELT NUMBER= 21.13531 
COEFFICIENTS FROM 1. ITERATION 

2.14264 -.00073 -3.56306 1.44898 
****************************************************************~ 
ITERATION 2 
A1= 2.14264 B1= -.00073 C1= ~3.56306 D1= 
COEFFICIENTS FROM CURVE FIllING 
A2= .10236 B2= -.00006 C2= -.16855 D2= 
NUSSELT NUMBER= 20.85919 
DIFFERENCE= .27612 
COEFFICIENTS FROM 2. ITERATION 

2~13535 -.00128 -3.51583 1.40951 

1.44898 

.06757 

***************************************************************** 
ITERATION 3 

.A1= 2.13535 B1= -.00128 C1= -3.51583 D1= 
COEFFICIENTS FROM CURVE FITTING 
A2= .10222 B2= -.00002 C2= -.16808 D2= 
NUSSELT NUMBER= 20.87522 
DIFFERENCE= .01602 
COEFFICIENTS FROM 3. ITERA1ION 

2.13390' -.00045 -3.50889 1.40313 

1.40951 

.06721 

***************************************************************** 
ITERATION 4 
A1= 2.1339G B1= -.00045 C1= -3.50889 D1= 
COEFFICIENTS FROM CURVE FIllING 
A2p .10219 B2= -.00001 C2= -.16801 D2= 
NUSSELT NUMBER= 20.87789 
DI FFERENCE= .00267 
COEFFICIENTS FROM' 4. I TER All ON 

2.13363 ~.00026 -3.50769 1.40201 

1.40313 

.06715 

***************************************************************** 
ITERAT ION 5 
Al= 2.13363 B1= -.00026 C1= -3.50769 
VALUES FOR TEMPER ATUR E 'DI S TR I BUT I ON 
ETA VALUES 
0.000 .100 .200 .300 .400 .. 500 .600 

THETA VALUES 
2.133 2.099 2.004 1.855 1.662 1.431 1.173 

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

D1= 1.40201 

.700 .800 .900 1.000 

.895 .606 .314 0.000 

***************************************************************** 

, PR ANDT L NUf-1B ER = 
REYNOLDS NUMBER= 
PECLET NUMBER= 

, . 

.001 
3000.0 

:;.0 

***************************************************************** 



S= 2.860 
N= 3.310 

***********************************~***************************** 

ITERATION 1 
.Al= 1.86970 Bl= 
COEFFICIENTS FROM 
A2= .42864 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 1.91592 B3= 

.19504 Cl= 
CUR V E F I 1 TI NG 

.03602 C2= 
4.46973 

1. I TERA lION 
.16100 C3= 

-3.58856 01= 1.51834' 

-.85130 02= .3 8694 

-3.80510 03= .1.72550 
*****************************~*********************************** 

IT ERATION 2 
Al= 1.91592 Bl= .16100 C1= -3.80510 01= 1.72550 
COEFFICIENTS FROM CURVE FITTING 
A2=.43242 B2= .03432 C2= -.86244 02= .39518 
NUSSELT NUMBER= 4.44982 
DiFFERENCE= .01991 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 1.92422 B3= .15273 C3= -3.83770 03= 1.75851 
***************************************************************** 
ITERATION 3 
Al= 1.92422 B1= .15273 C1= -3.83770 01= 1.75851 
COEFFICIENTS FROM CURVE FITlING 
A2= .43307 B2= . .03400 C2= -.86431 02= .39674 
NU SS EL T NUMB ER = 4.44643 
DIFFERENCE= .00339 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.92565 B3= .15122 C3= -3.84311 03= 1.76408 
***************************************************************** 

ITER AT ION· 4 
Al= 1.92565 Bl= .15122 Cl= -3.84311 01= 1.76408 
COEFFICIENTS FROM CURVE FITTING 
A2= .• 43319 B2= .03395 C2= -.86463 02= .39700 
NUSSELT NUMBER= 4.44585 
DIFFERENCE= .00057 
COEFFICIENTS FROM 4~ IT~RATION 
A3= 1.92590 B3= .15095 C3= -3.84403 03= 1.76503 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.925 1.904 1.816 1.672 1.484 1.260 1.013 .753 .490 .234 -.002 

CALCULATION OF NUSSElT NUMBER 
FULLY DEVELOPED TLRBUlENT FlOl~ IN PIPE 
CONSTANT WAll TEMPERATURE 
***************************************************************** 

PRANDTl NUMBER= 
REYNOLDS NUMBER = 
PEClET NUMBER = 

.001 
8000.0 
8.0 

***************************************************************** 

S= 6.430 



N= 9.000 

***************************************************************** 
I TERAT ION 1 
A1= 2.06344 81= .10572 C1= -3.95344 01= 1.78410 
COEFFICIENTS FROM CUR V E 'F ITT I N G 
A2= .42406 82= .02265 C2= -.81313 02= .36628 
NUSSEL T NUMB ER = 4.8264·' 
COEFFIC IENTS FRO~1 1. ITER Al I ON 
A3= 2.04673 83= .10934 C3= -3.92457 03= 1.76784 
***************************************************************** 
ITERATION' 2 
Al= 2.04673 81= .10934 C1= -3.92457 01= 1.76784 
COEFFICIENTS FROM CURVE FIllING 
A2= .42089 82= .02257 C2= -~80707 02= .36345 
NUSSELT NUMBER= '4.86218 
DIFFERENCE= .03571 
COE FF IC lENT S FROM 2.1 TER All ON 
A3= 2.04648 83= .10977 C3= -3.92413 D3~ 1.76720 
***************************************************************** ( 
ITERATION 3 

" Al= 2.04646 81= .10977 C1= ·-3.92413 01= 1.76720 
COEFFICIENTS FRot~ CURVE FIllING 
A2= .42088 B2= .02258 C2= ~.80702 02= .36342 
NUSSELT NUMBER= 4.86221 
01 FFERENCE= .00008 . 
COEFFICIENTS FROM 3. ITERATION 
A3= 2.04644 B3= .10982 C3= -3.92399 03= 1.76706 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUES 
0.000 '.100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.046 2.019 1.925 1.773 1.575 1.341 1.081 .806 .527 .255 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT ~JALL TEMPERATURE 
***************************************************************** 
PRANDTL NUI'1BER= 
REYNO LD SNUNB ER = 
PECLET NUt~BER= 

.001 
10000.0 

10.0 

*******************************************~********************* 

S= 
N--. 

7.560 
,10.930 

***************************************************************** 

ITERATION 1 
A1= 2.06218 B1= .10688 Cl= -3~94844 01= 1. 77914 
COEFFICIENTS FROlvl CUR V E F 11 TI NG 
A2= .41995 B2= .02155 C2= -.80453 02= .36298 
NUSSELT NUMBER= 4.91303 
COEFFICIENTS FRot~ 2. ITERATION 
l'!.~= ? _nf..~/c; R~= _ ]'0 I)gO r.~= -~_qC;?f..Q n~"., 1 7'O'2'2t:: 



**********~****************************************************** 

ITERATION 2 
AI= 2.06325 Bl= .10590 Cl= -3.95269 01= 1.78335 
COEFFICIENTS FROM CURVE FITTING 
A2= .42003 B2= .02152 C2= -.80476 02= .36317 
NUSSELT NUMBER= 4.91253 
DIFFERENCE= .00049 
COEFFICIENTS FROM 2. ITERATION 
A3= 2.06344 B3= 010572 C3= -3.95344 03= 1.78410 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.063 2.036 1.940 1.787 1.587 1.350 1.089 .812 .531 .256 0.000 

CALCULATION OF NUSSELT NUMBER 
F U L L Y D EVE LOP EDT LR B U LEN T F L m~ I N PIP E 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PEClET NUMBER = 

.001 
30UOO.0 
30.0 

***************************************************************** 
S= 17.600 
N= 26.510 

***************************************************************** 
ITERATION 1 
Al= 2.06344 Bl= .10572 C1= 
COEFFICIENTS FROM- CURVE FITTING 
A2= .39449 B2= .01939 C2= 
NUSSEL T NUMBER= 5.39952 
COEFFICIENTS FROM 1. ITERAlION 
A3= 2.13011 B3= .10473 C3= 

-3.95344 01= 

-.75482 02= 

-4.07567 03= 

1.78410 

.34104 

1.84149 
******************************************************~********** 

I TERA TION 2 
Al= 2.13011 Bl= .10473 Cl= -4.07567 01= 1.84149 
COE FF IC I ENTSFROM CURVE F 11 TI NG 
A2= .40707 B2= .01993 C2= -.77875 02= .35187 
NUSSELT NUMBER= 5.23294 
DIFFERENCE=. .16658 
COEFFICIENTS FROM 2. ITERATION 
A3= 2.13020.B3= .10433 C3= ~4.07519 03= 1.84133 

ITERATION 3 
Al= 2.13020 Bl= .10433 Cl= -4.07519 01= 1.84133 
COEFFICIENTS FROM CURVE FIllING 
A2= .40707 B2= .01993 C2= -.77875 02= .35187 
NUSSELT NUMBER= 5.23293 
DIFFERENCE= 0.00000 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 2.13021B3= .10431 C3= -4.07518 03= 1. 84134 
VALUES FOR'TEMPERATURE OIS1RIBUTION 



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

THETA VALUES 
2.130 2.101 2.002 1.844 1.63i 1.393 1.123 .837 '.548 .265 0.000 

****************************************~************************ 

CALCULATION OF NUSSEL T NUMBER 
FULLY OEVELO,PEO TURBULENl FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 

***************************************************************** 
PRANOTL NUMBER= 
REYNO LOS NUMB ER = 
PECLET NUMBER= 

.001 
50000.0 
50.0 

***************************************************************** 
S= 26.620 
N= 39.910 

***************************************************************** 
ITERATION 1 
Al= 2.06344 B1= 
COE FF IC lENT S FROt", 
A2= .3194i B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.15220 B3= 

.10572 C1= -3.95344 01= 
CUR V E FIll I NG 

.01878 C2= -.72569 02= 
5.67157 

1. ITERATION' 
.10652 C3= -4.11584 03= 

1.78410 

.32757 

'1.85789 
******************************************.********************** 

I TERAT ION 2 
Al= 2.15220 B1= .10652 C1= -4.11584 01= 1.85789 
COEFFICIENTS FROM CURVE FITTING 
A2= .39573 B2= .01953 C2= -.75658 02= .34146 
NUSSELT NUMBER= 5.43831 
OIFFERENCE= .23325 
COEFFICIENTS FROM 2. ITERA1ION 
A3= 2.15212 B3= .10624 C3= -4.11451 03= 1.85698 
***************************************************************** 

IT ERAT ION 3 
A1= 2.15212 B1= .10624 C1= -4.1145i 01= 1.85698 
COEFFICIENTS FROM CURVE FITTING 
A2= .39572 B2= .01953 C2= -.75655 02= .34143 
NUSSEL T' NUMBER= 5.43839 
DIFFER ENC E = .00008 

, COEFFICIENTS FROM 3. I TERA lION 
A3= 2.15210 B3= .10624 C3= -4.11443 03= 1.85687 
VALUES FOR TEMPERATURE DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.152 2.123 2.023 1.863 1.655 1.408 '1.135 .84i .554 .268 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER , 
FULLY 0 EVELOP ED TLR BUL ENT FLmJ IN PIPE 
CONSTANT 'WALL TEMPERATUR E ' 
*********~*******~*******************************~*************** 



DTLNUMBER= 
OLOS NUMBER =' 
ET NUMBER = 

.001 
1QOOO.0 

70.0 

**********************************~************************** 

35.040 
'52.180 

fl.T ION 1 
2.15210 

FICIENTS 
.38369 

Bl= 
FROM 

B2= 
EL T NUMB ER = 
FICIENTS FR 0 1"1 

2.16221 B3= 

.10624 Cl= -4.11443 01= 1.85687 
CURVE FITTING 

.01834 C2= -.73003 02= .32819 
5.63536 
1. I TER All ON 

.10336 C3= -4.11399 03= 1.84950 
********************************~~*************************** 

ATION 2 
2.16~27 Bl= .10~36 Cl= -4.11399 01= 1.84950 

F 1 C 1 EN T S FR 0 ~1 C UR V E F Il TI N G 
.38572 B2= .01841 C2= -.73349 02= .3,2949 

ELT NUMBER= 5.60422 
ERENCE= .03114 
FICIENTS FROM 2. ITERATION 

2.16169 B3= ~10352 C3= -4.11066 03= 1.84658 
************************************************************* 
ATION 3 

2.1616<; Bl= .10352 Cl= -4.11066 01= 1.84658 
FICIENTS FROM CUR V E FIll I NG 

.38568 B2= .01848 C2= -.73336 02= .32939 
ELT NUMBER: 5.60455 / 

ER ENCE= .00033 
FICIENTS FROM 3. I TER A TI ON 

2.16151 B3= .10361 C3= -4.11016 03= 1.84611 
ES FOR TEMPERATURE DIS1RIBUTION 
VALUES 
00 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 
'A VALUES 
61 2.132 2.032 1.872 1.663 1.416 1.142 .853 .559 .271 • 00 1 
:************************************************************* 

ULATION OF NUSSELT NUMBER 
,YOEVELOPED TURBULENT FLOW IN PIPE 
,TANT WALL TEMPERATLRE 
:************************************************************* 
10TL NUMBER= 
IOLOS NUMBER= 
,ETNUMBER = 

.001 
100000.0 

100.0 

~*******~**************************************************** 
46.970 
69.270 

~************************************************************ 
~AT ION 1 

2 • 16 157 B·l = .10361 Cl= -4.11016 01= 1.84611 



COEFFICIENTS FROM 
A2= .36975 B2= 
NUSSELT NUMBER= 
COEFFICIENTS FROM 
A3= 2.17247 B3= 

CUR V E F I Tl I N G 
.01858 C2= 

5.87549 
1. ITER A 11 ON 

.10920 C3= 

-.70569 02= .31790 

-4.14633 03= 1.86781 
***************************************************************** 
IT ERAT ION 2 
Al= 2.17247 Bl= .10920 Cl= -4.14633 01= 1.86781. 
COEFFICIENTS FROM CURVE FITTING 
A2= .37171 B2= .01866 C2=. -.70932 02= .31949 
NUSSELT Nur"BER= 5.84431 
OIFFERENCE= .03117 
COEFFICIENTS FROM 2. ITERATION 
A3=2.17239 B3= .10906 C3= -4.14550 03= L.86723 
***************************************************************** 
I TERA T ION 3 
Al= 2.17239 Bl= .10906 Cl= -4.14550 01= 1.86723 
COEFFICIENTS FROM CUR V E FIll I NG 
A2= .3717(, B2= .01866 C2= -.70929 02= .31947 
NUSSELT NUMBER= 5.84439 
DIFFER ENC E= .00007 
COEFFICIENTS FRat'! 3. I TER All ON 
A3= 2.17238 B3= .10906" C3= -4.14540 03= 1.86714 
VALUES FOR TEMPERATURE 01 S 1R IBUT I ON 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.112 2.143 2.043 1.882 1.672 1.423 1.148 .857 .562 .273 .003 

***************************************************************** 

CALCULATION OF NUSSElT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANOTl NUMBER= 
REYNOLDS NUMBER= 
PEClET NUMBER = 

.001 
300GOO.0 
300.0 

***************************************************************** 
S= 116.400 
N= 165.120 

***************************************************************** 
I TERAT ION 1 
Al= 2.17238 Bl= 
COEFFICIENTS FROM 
A2= .30084 82= 
NU SS El T NUf1B ER = 
COEFFICIENTS FROM 
A3= 2.19021 B3= 

.10906 C 1= 
CUR V E FIT TIN G 

.01330 C2= 
;'.28016 
1. ITER A TI ON 

.09684 C3= 

-4.14540 01= 1.86714 

-.56321 02= .24999 

-4.10033 03= 1.82002 
**********~****************************************************** 
I TERAT ION 2 
A1= 2.19021 B1=. .09684 C1= -4.10033 01= 1.82002 
COEFFICIENTS FROM CURVE FITTING 
A2= .30406 B2= .01352 C2= -.56774 02= .25109 
NU SS El T NUt-m ER = 7.19447 
DIFFERENCE= .08571 
COEFFICIENTS FROM 2. ITERATION 
A3= 2.18756 B3= .09728 C3= -4.08465 03= 1.80646 
******~********************************************************** 
ITERATION, 3 



Al= 2.18756 Bl= .09128 Cl=-4.08465 01= 1.80646 
COEFFICIENTSFROt-1 CURVE FITTING 
A2= .30390 B2= .01357 C2= -.56727 02= .25072 
NUSSELT NUMBER= 7.19643 
DIFFERENCE= .00195 
COEFFICIENTS FRON 3. ITERATION 
A3= 2.18705 B3= .09766 C3= -4.08237 03= 1.80429 
***************************************************************** 
ITER A T ION . 4 
Al= 2.18705 Bl= .09766 Cl= -4.08237 01= 1.80429 
COEFFICIENTS FROM CUR VE FITTING 
A2= .;30388 B2= .01358 C2= -.56719 02= .25065 
NUSSEL T NU~1B ER = 7.19676 
DIFFERENCE= .00032 
COEFFICIENTS FROM 4. I TERA TI.ON 
A3= 2.18695 B3= .09775 C3= -4.08199 03= 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 1.897 1.688 ·1.440 1.165 .873 .576 .283 .006 

.001 300000.0 300.0 
1.19616 -6.90775. 12.61153 5.70378 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

.001 
500.0.00.0 

50.0.0 

***************************************************************** 
S= 177.830 
N= 247.000 

***************************************************************** 
ITERATION 1 
Al= 2.17238 Bl= .10906 Cl= -4.14540 01= 1.86714 
COEFFICIENTS FROM CUR V E F 1111 NG 
A2= .2540& B2= .01208 C2= -.47777 02= .21221 
NUSSELT NUMBER= 8.67019 
COEFFICIENTS FROM 1. 1 TERA lION 

2.20296 .10480 -4.14240 1.83993 
***************************************************************** 
I TERA TION 2 
Al= 2.20296 Bl= .10480 Cl= ~4.14240 01= 1.83993 
COEFFICIENTS FROM CURVE FilTING 
A2= .25834 B2= - .01240 C2= -.48478 02= .21464 
NUSSELT NUMBER= 8.51803 
DIFFERENCE= .15216 
COEFFICIENTS FRO!'" 2.ITERA1ION 

2.20055 .10569 -4.12941 1.82837 
********~******************************************************** 
ITERATION .3 
A1= 2.20055 B1= .10569 Cl= ~4.12941 01= 1.82837 
COEFFICIENTS FRON CURVE FITTING 
A2= .25822 B2= .01244 C2= -.48443 02= .21437 
NUSSEL T NUMBER = 8.52005 
DIFFERENCE =0.00202 



COEFFICIENTS FROM 3. ·ITERATION 
2~20009 .10605 -4.12i44 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.~70 1.909 1.6991.449 1.172 .878 .578 .283 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TH'IPERATURE 
************************************************************* 
PRANDTLNUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

0.000 
2000.0 
0.0 

************************************************************* 
S= 1.000 
N= 0.000 

************************************************************* 
I TERAT ION 1 
Al= 1.80621 Bl= .02564 Cl= 
COEFFICIENTS FROM CURVE FITlING 
A2= .49418. B2~ .00692 C2= 
NUSSELT NUMBER= 3.64870 
COEFFICIENTS FROM 1.ITERAllON 
A3= 1.80315 63= .02527 C3= 

-3.81924 01= 1.99146 

-1.0455102= .54552 

-3.81477 D3= 1.99045 
************************************************************* 
ITERATION 2 
Al= 1.80315 Bl= .02527 Cl= -3.81477 Dl= 1.99045 
COEFFICIENTS FROM CURVE FI1TING 
A2= .49326 62= .00687 C2= -1.04357 D2=· .54456 
NUSSELT NUMBER= 3.65575 
DIFFERENCE= .00705 
COEFFICIENTS FROM 2.ITERAlION 
A3= 1.80324 B3= .02512 C3= -3.81505 D3= 1.99079 
************************************************************* 
ITERATION 3 
Al= 1.80324 Bl= .02512 Cl= -3.81505 01= 1.99019 
COEFFICIENTS FROM CURVE FI1TING 
A2= ~49321 B2= .00686 C2= -1.04359 02= .54458 
NUSSELT NUMBER= .3.65572 
o IFF ER EN C E = • 00003 
COEFFICIENTS FROM 3. ITERA1ION 
A3= 1.80326 B3= .02509 C3= -3.81508 03= 1.99083 
VALUES FOR. TEMPERATURE 01 SlRI BUTION 
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 0.6340.406 0.186 0.004 
***************************************************************** 

CALCULATION OF NUSSELT NUMBER 



FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT \-JALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER=, 
REYNOLDS NUMBER= 
P EC LET NUMBER = 

0.000 
3000.0 
0.0 

***************************************************************** 
S=' 2.860 

,N= 3.331 

***************************************************************** 
IT ERAT ION 1 
A1= 1.92590 Bl= .15095 C1= -3.84403 01= 1.76503 
COEFFICIENTS FROM CURVE FITTING 
A2= .43602 B2= .03405 C2= -.87766 02= ~40724 
NU SS EL T NUNB ER = 4.4317-, 
COEFFICIENTS FROM 1. I TERAn ON 

1.93231 .15091' -3.88959 1.80479 
***************************************************************** 
IT ERAT ION 2 
Al= 1.93237 Bl= .15091 Cl= -3.88959 01= 1.80479 
COEFFICIENTS FROM' CUR VE F I TT ING 
A2= .43657 B2= .03378 C2= -.87938 02= .40869 
NUSSELT' NUMBER= 4.42919 
DIFFERENCE= .00258 
COEFFICIENTS FROM 2. 1 TERAT ION 

1.93368 .14965 -3.89495 1.81019 
VALUES FOR 1 EMPER ATUR E DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
1.933 1.911 1.822 1.676 1.486 1.261 1.012 .750 .487 .233 0.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULL Y 0 EV ELOP ED T LR BUl ENT Flm-J 1 N PIPE 
CONSTANT WAll TEMPERATURE 
***************************************************************** 
PR ANDTl NUMBER = 
REYNOLDS NUMBER= 
PEClET NUMBER= 

0.000 
8000.0 

0.0 

***************************************************************** 
S= 6.430 
N= 9.000 

***************************************************************** 
ITERATION 1 
Al= 2.04644 Bl= .10982 Cl= -3.92399 01= 1.76706 
COEFFICIENTS FROM CURVE FIllING 
A2= .42690 B2= .02607 C2= -.83378 02= .38061 
NUSSElT NUMBER= 4.80995 
COEFFICIENTS FROM 1. ITERATION 

2.05341 .12543 -4.91046 1.83075 
***************************************************************** 
ITERATION 2 
Al= 2.053~1 81= . , 

COEFFICIENTS FROM 
A2= .42774 B2= 
NUSSElT NUMBER= 

.12543 Cl= 
CUR V E F I 1 TI NG 

.02598 C2= 
4.80450 

-4.01046 01= 1.83075 

-.83670 02= .38281 



DIFFERENCE= .00544 
COEFFICIENTS FROM 2.ITERAlION 

2.05510.12485 -4.01994 1.83922 
VALUES FOR TEMPERATURE DIS1RIBUnON 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.055 2.029 1.933 1.780 1.579 1.342'1.080 .803 .523 .2520.000 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENl FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER = 

0.000 
10uOO.0 

0.0 

***************************************************************** 
S= 
N= 

7.560 
10.9'30 

\ 

***************************************************************** 
I TERAT ION 1 
Al= 2.06344 Bl= .10572 C1= -3.95344 Dl= 1.78410 
COEFFICIENTS FROM CURVE FITTING 
A2= .42709 82= .02527 C2= -.83396 D2= .38147 
NUSSEL T NUMB ER = 4.8478<; 
COEFFICIENTS FROM 1. I TER All ON 

2.07049 .12252 -4.04295 1.84935 
***************************************************************** 
IT ERAT ION 2 
A1= 2.07049 B1= .12252 Cl= -4.04295 D1= 1.8493'5 
COEFFICIENTS FROM CURVE FITTING 
A2= .42795 B2= .02519 C2= -.83699 D2= .38374 
NUSSEL T NUMBER= 4.84215 
DIFFERENCE= .00574 
COEFFICIENTS FRorY} 2. I TERA nON 

2.07222 .12201 -4.05285 1.85813 
VALUES FORIEMPER ATUR E DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 '1.000 

THETA VALUES 
2.072 2.045 1.949 1.794 1.591 1.352 1.087 .809 .52? .253 0.000 

*******************************************~********************* 

CALCULATION OF NUSSELT NUMBE~' 
FULLY DEVELOPED TURBULENTFLUW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NU!vlB ER = 
REYNOLDS NUMBER= 
P ECL ET NUt-'l8ER= 

.0.000 
30000.0 

0.0 
. . 

***************************************************************** i 

S= . 17.600 
N= 26.510 

**********~**************************~*************************** 
ITERAT.ION 1 I 

I 



Al= 2.13021 Bl= .10431 Cl= -4.07518 01= 1.84134 
COEFFICIENTS FROM CURVEFI1TING 
A2= .42554 B2= . .02437 C2= - • .82928 02= .37932 
NUSSELT NUMBER= 5.02200 
COEFFICIENTS FROf-'l 1. I TERA nON 

2.13706 .12239 -4.16466 1.90498 
***************************************************************** 
ITERATION 2 
Al= 2.13706 Bl= .12239 Cl= -4.16466 01= 1.90498 
COEFFICIENTS FROM CURVE FI1TING 
A2 = .42640 B2= .02434 C2 = ';".83234 02= .38156 
NUSSELT NUMBER= 5.01579 
DIFFERENCE= .00620 
COEFFICIENTS FROM 2.ITERAllON 

2.13876 .12209 -4.17486 1.91386 
***************************************************************** 
ITERAT ION 3 
Al= 2.13876 B1= .12209 C1= -4.17486 01= '1.91386 
VALUES FOR TEMPERATURE DIS1RIBUTION 
ETA VALUE S 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.138 2.111 2.011 1.851 1.642 1.395 1.122 .834 .544 .262 0.000 

***************************************************************** 

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

I ***************************************************************** 
PRANDTL NUt-1BER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

0'.000 
50000.0 

0.0 

***************************************************************** 
S= 26.620 
N= 39.910 

***************************************************************** 
I TERA TION 1 . 
A1= 2.15210 B1= • 10624 C1= -4.11443 01= 1.85687 . 
COEFFICIENTS FROM CUR V E F I IT I NG 
A2= .42461 B2= .02445 C2= -.82653 02= .37742 
NUSSELT NUMBER= 5.08418 
COEFFICIENTS FROM 1. I TERA TION 

2.15881 .12432 -4.20228 1.91888 
***************************************************************** 
ITERATION 2 
Al= 2.158&1 Bl= .1~432 Cl= -4.20228 01= 
COEFFICIENTS FROM CURVE FI1TING 
A2= .42546 B2= .0~443 C2= -.82955 02= 
NUSSELT NUMBER= 5.07792 
DIFFERENCE= .00626 
COEFFICIENTS FROM 2. ITERA1ION 

2.16041 .12409 -4.21242 1.92767 

VALUES FOR lEMPERATURE DISTRIBUTION 
ETA VALUES 

1.91888 

.37961 

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



2.16d 2.132 2.032 1.870 1.659 1.410 1.134 .844 .550 .265 0.000 
. ***************************************************************** 

CALCULATION OF NUSSELT NUM8ER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER= 
PECLET NUMBER= 

0.000 
70000.0 

0.0 

***************************************************************** 
S= 35.040 
N= 52.180 

***************************************************************** 
I TERA TION 1 
A1= 2.16157B1= .10361 C1= -4.11016 D1= 1.84611 
COEFFICIENTS FROM CURVE FI1TING 
A2= .42370 B2= .02457 C2=-.82366 D2= .37531 
NUSSELT NUMBER= ·5.12150 
COEFF.ICIENTS FROM 1. ITERATION 

2.16999 .12585 -4.21840 1.92219 
***************************************************************** 
I TERA TI ON 2 
AI= 2.16999 B1= .12585 C1= -4.21840 D1= 1.92219 
COEFFICIENTS FROM CUR V E F I 1 TI NG 
A2= .42476 B2= .02456 C2= -.82743 D2= .37805 
NUSSEL T NUMBER= 5.11352 
DIFFER ENC E= .00798 
COE FF IC I ENTS FROM 2. I TERAlI ON 

2.17206 .12561 -4.23111 1.93317 
VALUES FOR TEMPERATURE DIS1RIBUTION 
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 

***************************************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TURBULENT FLOW IN PIPE 
CONSTANT WALL TE~1PERATURE 

***************************************************************** 
PRANDTL NUMBER= 
REYNOLDS NUMBER = 
P EC L ET NUMBER = 

0.000 
100000.0 

0.0 

***************************************************************** 
S= 46.970 
N= 69.270 

***************************************************************** 
I TERAT ION 1 
A~= 2.17238 B1= .10906 C1= -4.14540 D1= 1.86714 
COEFFICIENTS FROM CURVE FITTING 
A2= .42291 B2= .02461 C2= -.82111 D2= .37356 
NUSSEL T NUMBER= 5.15671 
COEFFICIEf\jTSFROM 1. ITERATION 

2.18086 .12693 -4.23458 1.92638 
***************************************************************** 



ITERATION 2 
Al= 2.18086 Bl= .12693 Cl= -4.23458 01= 1.92638 
COEFFICIENTS FROM CURVE FITTING 
A2= .42402 B2= .02468 C2=. -.82505 02= .37628 
NUSSELT NUI"1BER = 5.14782 
DIFFERENCE= .00888 
COEFFICIENTS FROM 2. 1 TERA lION 

2.18.279 .12105 -4.24124 1.93707 
VALUES FORTH1PER ATUR E DISTRIBUTION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.182 2.154 2.053 1.890 1.678 1.426 1.148 .854 .557 .268 0.000 
*************************~*************************************** 

CALCULATION OF NUSSELT NUMBER 
FULLY DEVELOPED TLRBULENT FLOW IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** 
PRANDTL NUMBER = 
REYNOLDS NUMBER= 
PECLET NUtv1BER= 

0.00(; 
300000.0 

0.0 

***************************************************************** 
S= 116.400 
N= 165.120 

*****************~*********************************************** 
ITERATION 1 
Al= 2.18695 Bl= .09775 Cl= -4.08199 01= 1.80391 
COEFFICIENTS FROM CUR V E F 1111 NG 
A2= .4191 -, B2= .02511 C2= -.80896 02= .36452 
NUSSELT NUMBER= 5.25739 
COEFFICIE.NTS FROM 1. ITERAlION' 

2.20375 .13204 -4.25305 1.91647 
***************************************************************** 
ITERATION 2 
Al~ 2.20375 Bl= .13204 Cl= ~4.25305 01= 1.91647 
COEFFICIENTS. FROM CURVE FIlTlNG 
A2= .42133 B2= .02527 C2= -.81655 02= •. 36981 . 
NUSSELT NUMBER= 5.23933 
DIFFERENCE= .01806 
COEFFICIENTS FROM 2. ITERATION 

2.20753 .13243 -4.27819 1.93757 
. ***************************************************************** 

I TERAT ION 3 
Al= 2.20753 Bl= .13243 Cl= -4.27819 01= 1.93757 
COEFFICIENTS FROM CURVE FITTING 
A2= .42165 B2= .02518 C2= -.81754 02= .37058 
NUSSELT NUMBER= 5.23717 
DIFFERENCE= .00215 
COEFFICIENTS FROM 3. I TERA TlON 

2.20829 .13189 -4.28162 1.94082 
VALUES FOR TEt<1PER ATURE DISTRI BUTION 
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 1.700. 1.446 1.165 .868 .567 .273 0.000 

***************************************************************** 



~CALCULATION OF NUSSELT NUr"mER 
FULLY DEVELOPED TLRBULENT FLm·J IN PIPE 
CONSTANT WALL TEMPERATURE 
***************************************************************** . 
PR ANDTL NUf'lB ER = 
REYNDLDS NUf'lBER= 
PEClET NUMBER= 

0.000 
500000.0 

0.0 

***************************************************************** 
S= 177.830 
N= 247.000 

***************************************************************** 
. ITERATION 1 
A1= 2.20055 B1= .10569 C1= -4.12941 01= 1.82837 
COEFFICIENTS FROM CUR V E F n TI NG 
A2= .4184(, B2= .02537 C2= -.80659 02= .36264 
NUSSELT NUMBER= 5.29143 
COEFFICIENTS FROM 1. I TERA lION 

2.21395 .13428 -4.26805 1.91892 
***************************************************************** 
ITERATION 2 
A1= 2.21395 B1= .13428 C1= ~4.26805 01= 1.91892 
COEFFICIENTS FROM CURVE FI1TING 
A2= .42014 B2= .02553 C2= -.81272 D2~ .36689 
NUSSELT NUMBER= 5.27669 
DIFFERENCE= .01474 
COEFFICIENTS FROM 2.ITERAlION 

2.21698 .13471. -4.28850 1.93599 
*********************************************************~******* 
I TERAT ION 3 
Al= 2.21698 B1= .13471 C1= -4.28850 01= 1.93599 
COEFFICIENTS,FROM CURVE FITTING 
A2= .42040 B2= .02545 C2= -.81352 02= .36751 
NUSSEL T NUMBER = 5.27494 
DIFFERENCE= .00174 
COEFFICIENTS FROM 3. ITERATION 

2.21759 .13429 -4.29129 1.93863 
VALUES FOR TEMPER ATURE DIS TR I BUT ION 
ETA VALUES 
0.000 .100 .200 .300 .400 .500 .600 .700 .800 .900 1.000 

THETA VALUES 
2.217 2.190 2.088 1.924 1. -{ 08 1.454 1.1-(2 .873 .571 .275 0.000 

***************************************************************** 



APPENDIX 0 

THE FLOW DIAGRAM AND THE OOMPUTER PROGRAM 

I 



DEFINIT~bNS OF THE TERMS USED IN THE PROGRAM 

N Number of integration inorements 

Al, E1, C1, D1 Coefficients of the approximate tem-

perature profile (6) 

s Flow parameter (s) 

ON Flow parameter (n) 

PR Prandt1 number 

REReyno1ds numper 

A4, B4, C4, D4 Coeffients of the temperature p~ofi1e 

calculated in the previous iteration 

DEL Integration interval 

ADEL C~ntro1 ter.m for integration when 
,t 

DEL = ADEL ~ integration is stopped 

ADELA Control ter.m for integration when 

ADELA = DEL 'the lower limit of inte-

gral is equal· to one 

BDELA Control ter.m for integration when 

EDELA = DEL integration interval is 

increased 

ETA(I) 'l 
FUN3 (I) F(rt) 

ONU Nusse1t number 

AA, BE, C~, DD Coeffioients of the third de~ee 

polynomial fitted 



SET 
AlJ S\, C\J D\ 
E.Q. U F\ L \" 0 
A.4., ~41 C'\-.1 {)'\ 

START 

~u N C \-\ 

"INPUT 

V ~ '- UES 



AN-l=O.1 H<L/M",I 
'---_---. ___ -11 

r
----t ... -, 
Al)ELA~'DE~.J 

60 ELF\-:=.OE.l-'6,lKAt>£L 

---:r:----J 

(1'2 \ . "-J 



£.T A(r.)=f.1 A(I -I)t 
DEL 

1=1 

CALC.ULA1"E.. 

FUN~(!) 

1-=-1+1 

ODO==O 

E.VEN::O 

M -= N- , 



r~:._~_ I 
L_-

T
-

l~'~ 

~V 
r-,~·i - 1 

I i ; 
IE VC N~ £ VEN + rUw.(l I 

L_ .. __ ..---_----' 

MA= M-2 

I-=-I-t-2. 



NN -= '20 
AAM= '2.~ 

NO 

CI\LCULA,E 

FUNS 

'((M~)=ruNS\ -FUNS 

X(MM)= ETA(N) 

bEL: OE.L-AOf.L 

N~::. \0 

AI\M= I. 

NN= \0 
A{\M=\. 



N= NN+\ 

At>~LA=-O. 

~O'E.LA -::0. 



PUNC.\-\] 

1\1\ ilS,cc, ODI 

C ALe. U U\"\E:' 

o NIJ 

I 

c..ALC.UU\\"t, 

A'i/ s~JC.Lj/DIf 

PUNcH 
O~'J 

A4}?l\'~ctt~ Dt 

/ \ 
~) 





) EL ETTUL 11 

LDISKTULIl 

INPUT PROGRAH 

N INTEGRATION INCREMENTS 

VALUES OF N Z10R 41 OR 81 

Al,Bl,Cl,Dl ARE THE COEFFICIENTS OF THIRD DEGREE POLYNOHIAL 

S PARAHETER FOR THE PAl PROFILE 

ON (N) PARAfV1ETER FOR THE PAl PROFILE 

PR PRANDTL NUMBER 

RE REYNOLDS NUHBER 

D 11"1 ENS 10 NET A ( 16 1 ) , X ( 1 61 ) , Y ( 161 ) , P 1 ( 161 ) , P 2 ( 1 61 ) , P 3 ( 16 1) , FUN 3 ( 16 1) 

1,THETA(Zll,SH(Z) . 
COHMON IY,KY,Al,Bl,Cl,Dl,S,ON,PR,RE,PE,A4,B4,C4,D4,A3,B3,C3,D3,C, 
ID,B,UU,I1ER,X,y,AAM,N,UNO,ETA,~1,P2,P3,FUN3,THETA,SM 

ITEZ=l 
READ 3, N 

-18 Z READ 51, A 1, B1 , C 1, D 1 
READ 61, S, ON , PR 
READ 170,RE 
PRINT'30i 
PR INT 3Z0 

,PRINT 17Z 
PRINT 151,S,ON 
PRINT 316,PR 
PR I NT 1? 1, R E 
PRINT 320 
PE ;"RE~:~PR 
PUNCH 330 
PUNCH 331 
PUNCH 33Z,PR,RE,PE 
PUNCH 331 
PUNCH 333,S,ON 
ITER =1 

3 FOR HAT ( I 4 ) 
51 FORHAT(4F10.5) 
61 FORMAT(3FI0.3) 

151 FORHAT(ZX,3FI0.3) 
170 FORMAT(FZO.l) 
171 FORMAT(2X,7HREYNOLD,lX,7HNUMBER=,F13.1,/) 
17Z FORMAT(9X,lHS,9X,lHN) 
301 FORHAT(lHl,11HCALCULATION,lX,ZHOF,lX,7HNUSSELT,lX,6HNUMBER, 

llX,9HTURBULENT,lX,13HFLOW*CONSTANT,lX~4HWALL,lX,lZHTEHPERA1URE*, 
ZlX,5HFULLY,lX,9HDEVELOPED,lX,4HCASE,/) 

316 FORMAT[2X,7HPRANDTL,lX,lHNUMBER=,FIQ~3) . 
330 FORMAT(/,11HCALCUL~TION,lX,ZHOF,lX,7HNUSSELT,lX,6HNUHBER,/, . 

15HFULL'Y,IX ,9HDEVELOPED,lX,9HTURBULENT, lX,4HFLm~, lX,ZHIN, lX,4HP IPE, 
Z/~8HCONSTANT,lX,4HWALL,lX,11HTEMPERATURE) --



332 FORMAT(7HPRANDTL,ix,7HNUMBER=,F10.3,1, 
18HREYNOLDS,lX,7HNUlviBER=,F13.1,1,6HPECLET,lX,7HNUfvlBER=,F13.1, /) 

333 FORMAT(2HS=,F10.3,1,2HN=,F10.3,/) 
320 FORMAT(6S(lH*» 

CALL LINK(TULI2) 
END 

~DEL E TTUL I 2 

:'LD IS KTUL·I 2 

THIS PROGRAM IN1EGRATES F(ETA) BY SIMPSON RULE 

U P P ER LIM I T = 1 

L 0\,-1 ER L I ['III T =E T A 

DEL I NT E GR A 1 ION I NT ER VA L 

- KP NUMBER OF THE LOWER LIMIT OF THE INTEGRAL 

WHEN DEL=ADEL INTEGRATION STOPS 

WHEN DEL=ADELA THE LOWER LIMIT HAS A VALUE OF UNE 

WHEN DEL=BDELA NUMBER OF INTEGRATION INCREMENT IS CHANGED 

A4,B4,C4,D4 ARE THE COEFFICIENTS OF THE TEMPERATURE DISTRIBUTION 

CALCULATED IN THE PREVIOUS ITERATION 

FUN3=F(ETA) . 

FUNS INTEGRAL VALUE OF F('ETA) 

FUNS1 INTEGRAL VALUE OF F(E1A) WHEN LOWER LIMIT=l 

DIMENSION E1A(161),X(161),Y(161),Pl(161),P2(161),P3( 161),FUN::.( 16J) 
1,THETA(21),SM(2) 

COMMON IY,KY,A1,B1,C1,D1,S,ON,PR,RE,PE,A4,B4,C4,D4,A3,B3,C3,D3,C, 
1D,B,U~,ITER,X,y,AAM,N,UNO,ETA~P1,P2,P3,FUN3,THETA,SM 

132 CON T I NU E 
IF(ITER-1) 133,134,133 

133 A1=A4 
B1=B4 
C 1=C4 
D1=D4 
PRINT 320 

134 CONTINUE 
PRINT 30S,ITER 
PRINT 173 I A1,B1,C1,D1 
PUNCH 331 
PUNCH 334, ITER 
PUNCH 33S,Al,Bl,Cl,Dl 
C=S-l.'C 
D=ON-S 

·1 

._--- - --_ ... -- -------:-------_._---



c 

A=ON+l.0 
F=ON+S 
UU=2.~;:A/F 

AS1=01 (4.';:8) 
AS2= 2. ';:ON+ 2. 
AS3=CI (8';:AS2) 
AS4=0/( 5.';:8) 
AS5=2.';'ON+3. 
AS6=C/( 8';:AS5) 
AS 7=0/ (6.'::8) 
ASS = 2. ';:ON+4. 
AS9=CI (8';:AS8 ) 
AS 10=01 (7. ~;: 8) 
AS 11 =2 .';:ON+5 0 

AS12=CI (8';:ASll) 
AS 13=2 .';:ON-2 0 

fvlfvl=l 
KP=15 
Nf\.J=N-l 
AM=NN 
DEL=l./AH 
AAM=2. 
ADEL=O.l';:DELlAAH 
ADELA=DEL 
8DELA=DEL-8.*ADEL 
GO TO ;2 

511 N=NN+l 
AM=NN 
o EL =1. 1 AM 
AD EL =0.1 ';:DEL 1 AAH 
ADELA=O. 
BDELA=(;. 
o EL =p EL -5 .·';:ADE L 
GO TO i2 

C INTEGRATES F(ETA) 8Y SIMPSON RULE 
C 

72 CONTINUE 
ETA( 1)=0.001 
ET A (2) =0 EL 
DO 590 I=3,N 
K=I-1 

590 ETA(I)=ETA(K)+DEL 
DO .651 =l,N 

65 FUN 3 ( I ) = ( Ai';: ( ( ETA (I ) ,j.,;, 2 ) I 2 • ..;.. A S 1';: E T A( 1 ) ,;:,;: 4- A S 3 ,;: ETA ( I ) ,;: ,;: A S 2) + 8 1 :;: 
1 ( ( 1. 13 • ) ,;: ETA ( I ) ,;:,;: 3 - A S 4';: ETA ( I ) ,;:,;: 5 - AS 6';: ETA ( I ) ,;: ,;: A S 5 ) +C 1';: ( ( ETA ( I ) ,;:,;: 4 ) 
2/4.-AS7*ETA(I)**6-AS9*E1A(I)**AS8)+Dl*(O.20*ETA(I)**5-AS10*~lA(I)* 
3 ,n - AS 1 2';: ETA ( I ) ,;: ,;: AS 11 ) ) I ( ETA ( I ) +P R ,;q (S :;: B ) I ( 0+ 0 N :;: C :;: ETA ( I ) :;: :;: A S 13 ) - 1. ) . 
4';:ETA( I» 

ODD=O.O 
EVEN=O.U 
M=N-1 
DO 67 I=2,fvl,2 

6i EVEN=EVEN+FUN3(I) 
HA=N-2 
DO 68 1=3,HA,2 

6800D=ODD+FUN3(I) 
FUN5=(OEL/3.)*(FUN3(1)+4.*EVEN+2.*ODO+FUN3(N»*UU 
I F (D E L - AD E LA> 1 5 , 14 , 15 

14 FUN5I=FUN5 
15 CONTINUE 



X(MM)=E1A(N) 
Mf"l =MI"l+ 1 
DEL=DEL-ADEL 
IF(N-41) 508,507,601 

508 IF(DEL-bDELA) 509,510,510 
509 NN=10 

AAI"l=l. 
GO TO 511: 

510 IF(DEL-ADEL) 70,72,72 
507 IF(DEL-BDELA) 548,510,510 
548 NN=10 \ 

AAM=l. 
GO TO 511 

601 IF(DEL-~DELA) 602,510,510 
602 NN=20 

AAI"l=2. 
GO TO 511 

70 CONTINUE 
X (KP ) =0. 
Y (KP') =FUN51 
AAIv1 =KP 
N=KP 
PRINT 311 
PR IN T 69, (X ( I ) ,. I = 1 , N ) 
PRINT 310, (Y(I ),I=l,N) 

69 FORMAT(2X,lHX,1:X,7HVALUES=,11F10.5,/) 
113 FORMAT(2X,3HA1=,F10.5,2X,3HB1=,F10.5,2X,3HC1=,F10.5,2X,3HDI=,F10. 

15,/) 
305 FORMAT(2X,9HITERATION,2X,I2,/) 
310 FORMAT{2X,lHY,lX,7HVALUES=;11F10.5,/) 
311 FORMAT ( 2X, 1HX, lX, 3HAND, lX, 1HY, 1 X, 6HVALUES, lX, 3HFOR, lX, 5HCURV E, IX, 

1 1HF ITT lNG, j) 
320 FORMAT(65(lH*» 
331 FORM~T{65(lH*» 
334 FORMAT(9HITERATION,lX,I2) 
33 5 FOR fVl AT (3 HAl = , FlO. 5 , 1 X , 3H B 1 = , FlO. 5 , 1 X , 3 H C 1 = , FlO • 5, 1 X , 3 H 0 1 = , F 10 • 5 ) 

CALL LlNK(TULI3) 
END 

::'0 EL ETTUL 13 

::'LD I SK TUL I 3 
C· 
C FITS A THIRD DEGREE POLYNOMIAL BY THE METHOD UF LEAST SQUARE 
C 
C NAND AAIVI ARE THE NUMBER OF DATA POINTS 
C 
C Y=AA+BB*X+CC*X**2+DD*X**3 
C 

o If'1 EN S lON ETA ( 161 ) ,X ( 161 ) ,Y (161 ) , P 1 ( 161 ) , P 2 ( 161 ) , P 3 ( 16 1) , FU N 3 ( 161) 
1 , THE T A ( 21) , S IVI ( 2 ) 

COMMON IY,KY,A1,B1,C1,D1,S,ON,PR,RE,PE,A4,b4,C4,D4,A3,B3,C3,D3,C, 
1D,B,UU,lTER,X,Y,AAM,N,UNO,ETA,pi,P2,P3,FUN3,THETA,SM 

129 DO=AAlvl 
U 1=0. 
DO l' I =1, N 

1 U1=U1+X(I) 



DO 8 I=1,N 
8 P 1 ( I ) = X ( 1 ) -U 1 

E 1=0. 
DO 9 1 =1, N 

'9 E 1 = E 1 +P 1 ( I ) ::'P 1 ( I ) 
U2=0. 
DO 10 1=1, N 

10 U2=U2+X(I)::'P1(I)::'P1(I), 
U2=U2/E 1 
V1=0. 
DO 11 I=1,N 

11 V 1 =V1 + X ( I ) ::'P 1 ( I ) 
V1=V1/DO 
DO 12 1=1,N 

12 P2(I )=(X(I )-U2)::'Pl(I )-V1 
E2=O. 
DO 13 I=I,N 

13 E2=E2+P2(I)*P2(I) 
U3=O. 
DO 22 1=1,N 

22 U3=U3+X(I)*P2(I)*P2(I) 
U3=U3/E2 ' 
V 2=0. 
DO 23 1=1,N 

23 V2~V2+X(I)*P2(I)*P1(I) 
V2=V2/E1 
DO 50 I=1,N 

50 P3(I)=(X(I)-U3)*P2(I)-V2*P1(I) 
E3=0. 
DO 16 1=1,N 

16 E 3 = E 3 +P 3 (I ) ::'P 3 ( I ) , 
AS=O. 
DO 17 I=1,N 

17 AS=AS+Y(I) 
AS=AS/DO 
BS=O. 
DO 18 I=1,N' 

18 BS=BS+Y(I)*P1(I) 
BS=BS/E1 
CS=O. 
DO 19 I=1,N 

19 CS=CS+Y(I)*P2(I) 
CS=CS/E2 
DS=O. 
DO 20 1=1, N 

20DS=DS+Y(1)*P3(I) 
DS=DS/E3 
AA=AS+CS*U1*U2-CS*V1-BS*U1-DS*U1*U2*U3+U3*V1*DS~V2*U1*OS 
B B= BS-c S::'U 1-C S::'U2+D S::'U 1 ::'U2-DS::' V 1 +0 S::' U 1 ::'U3+ OS ::'U2 ::'U3 -0 S ::'V 2 
CC=CS-DS*U1~DS*U2-DS*U3 
DD=DS 
PR INT 314 
PRINT 21,AA,BB,CC,DD 
PUNCH 336 
PUNCH 337,AA,BB,CC,DD 

2 A3=AA 
'B3=8B 
C3=CC 
03=00 ' 

21 FORMtn (2 X, 3H A2= ,F 10.5, 2X , 3H B2=, F 10.5, 2X , 3HC2= , F 10 .5, 2X , 3HD 2= ,'F 10. 
15, I ) 



336 FORMAT(12HCOEFFICIEN1S,1X,4HFROM,1X,5HCURVE,1X,7HFITTING) 
331 FORMAT (3HA2=,F10.5,1X,3HB2=,F10.5,1X,3HC2=,F10.5, lX,3HD2~,F10.5) 

CALL LINK(TULI4) 
END 

::~L 0 I SK TULI4 
C 
C OUTPUT PROGR Atll 
C 
C CALCULATES NUSSELT NUMBER 
C 
C ONU NUSSELl NUMBER 
C 
C CALCULATES TEMPERATURE DISTRIBUTION 
C 

DIMENSION ETA(161),X(161),Y(161),P1(161),P2(161),P3(161),FUN3(161) 
1,THETA(21),SM(2) 

CO 1'11'1 0 N I Y , K Y , A 1 , B 1 , C 1 , 01 , S , or~ , PR , R E , P E , A 4 , B 4 , C 4 , 04, A3 , B 3 , C 3, 0 3, C, 
10 ,B , UU , ITER ,X , Y , AAtIi , N, UNO, ETA, P 1 , P 2, P 3 , FUN 3 , THE T A , Slyl 

4 ETA(1)=1. 
T=2. ::'UU 
IN=1 
DO 304 I=1,IN 

304 S 1"1 ( I ) = T ::' ( A 3 ::« ( ETA ( I ) ::< :;, 2 ) / 2 • - 0 / ( 4. :;, B ) :;, ETA ( I ) :;, ,;, 4 - ( C / ( t:l :;, ( 2. :;, ° N + 2. ) ) ) 
1 :;, ETA ( I ) :;,:;, ( 2 .,;, 0 N + 2. ) ) + B 3 :;, ( ( ETA ( I ) :;,:;, 3) /3. - ( 0/ ( 5 • :;, B ) ) :;'E T A ( I ) :;, :;, 5 - ( C / ( B 
2,;« 2 • :;'0 N+ 3 • ) ) ) :;'E T A ( I ) :;, :;, ( 2 • :;'0 N+ 3. ) ) +C 3:;' ( ( ETA ( I ) :;, :;'4 ) /4. - ( 0 / ( 6 • :;, B ) ) :;, 
3 ETA ( I ) :;, :;:6 - ( C/ (B :;, ( 2. :;, UN + 4.) ) ) :;: ETA ( I ) :;, ::« 2 • :;, ° N+ 4. ) ) -103';' ( ( ETA ( I ) :;,:;, 5) / 
45 • - (l) / (7 • :;'B) ) :;, ETA ( 1 ) ';'::q - ( C / ( t:l :;, ( 2 • ';'0 N+ 5. ) ) )::< ETA ( I ) :;,,;, (2 • '::ON +5 • ) ) ) 

TM=SIIj ( 1 ) 
ONU=1./Tfvl 
A4= A 3:;'0 NU 
B4=B3:;'ONU 
C4=C3:::0NU 
04 =0 3 :!'ON U 
PRINT 92,ONU 
PUNCH 338,ONU 
IF(ITER-1) 130,131,130 

131 UNO=ONU 
PRINT 156,ITER 
PRINT 155,A4,B4,C4,D4 
PUNCH 340, ITER 
ITER=I TER+1 
PUNCH 341,A4,B4,C4,D4 
CALL LINK (TU LI 2 ) 

130 DIF=ABSF(ONU-UNO) 
PRINT 81,DIF 
PUNCH 339,DIF 
PR IN T 156, ITER 
PRINt 155,A4,B4,C4,D4 
PUNCH 350,ITER 
PUNCH 351,A4,B4,C4,D4 
IF(DIF-U.OOl) 135,135,136 

136ITER=ITER+1 
UNO=ONU 
CALL LINK(TULI2) 



ETA(I)=O. 
DO 82 1=2,21· 
K=I-l 

82 ETA(I)=ETA(K)+.05 
DO 83 1=1,21 

83 THETA(I)=(A4+B4*ETA(I )+C4*(ETA(I)**2)+D4*ETA(I)**3) 
PRINT 308 
PRIf\IT 309, (ETA(I) ,1=1,11) 
PRINT 87, (THETA(I ),1=1,11) 
PRINT 309,(ETA(I),I=12,21) 
PRINT 81, (THETA(I ),1=12,21) 
PUNCH 344 
PUNCH 342, (ETA(I ),1=1,21,2) 
PUNCH 343'(THETA(I ),1=1,21,2) 
ALPR =LO GF (PR ) 
ALRE=LOGF(RE) 
ALPE=LOGF(PE) 
PUNCH 345,PR,RE,PE,ONU,ALPR,ALRE,ALPE 
PUNCH 331 

180 CONTINUE 
DO 600 1=1,20 
X ( I ) =E 1 A ( I ) 
Y ( I ) = TH ETA ( I ) 

600 CONTINUE 
X(21)=I. 
Y(21)=O. 
CAL L GR AP H 2 ( 8 • , 8 • , 2 1 , X , Y ) 

81 FORMAT(2X,10HDIFFERENCE,IX,7HBETWEENjlX,7HNUSSELT,IX,8HNUMBERS=, 
1 F 10.5'; ) 

87 FORMAT(2X,6HTHETA=,IIFI0.5) 
92 FORMAT(2X,7HNUSSELT,IX,1HNUMBER=,FI2.6,/) 

155 FORMAT(2X,2HA=,FI0.5,2X,2HB=,FI0~5,2X,2HC=,FI0.5,2X,2HD=,FI0.5) 
i56 FORM~T(2X,12HCOEFFICIENTS,IX,4HFROM,IX,I2,IH.,IX,9HITERATION,/) 
308 FORMAT(2X,6HVALUES~IX,3HFOR,IX,IIHTEMPERATURE,IX, 12HDISTRIBUTION,· 

If) 
309 FORMAT(2X,4HETA=,2X,IIFI0.5) 
331 FORMAT(65(IH*» 
338 FORMAT(7HNUSSELT,IXt7HNUMBER=,FI0.5) 
339 FORMAT(IIHDIFFERENCE=,FI0.5) 
340 FORMAT(12HCOEFFICIENTS,IX,4HFROM,IX,12,IH.,IX;9HITERATION) 
341 FORMAT(4FI0.5) 
342 FORMAT(3HETA,IX,6HVALUES,/,IIF6.3) 
343 FORMAT(5HTHETA,IX,6HVALUES,/,IIF6.3) 
344 FORtvlAT (6HVAL UES, IX , 3H FOR, IX, 11 HT Ef"lP ERATURE, IX, 12HD I STR I BUT ION') 
345 FORMAT(FI0.3,FI3.1,FI3.1,/,4FI2.5) 
350 FORMAT(12HCOEFFICIENTS,IX,4HFROM,IX,I2,lH.,lX,9HITERATION) 
351 FORMAT(4FI0.5) 

CALL E·XI T 
END 
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