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SUMMARY AND CONCLUCIONS.

In all chemical industries the heat transfer operaticn is
of controlling importance and the primary objective lies in
achieving the maximum heat transfer rate per unilt surface area
comnatible with economic factors. This has led to studies on the
improvement of the performance of heat transfer equipments. It 1s
well known that the major resistance to heat transfer between solid
boundaries and turbulent fluids 1s the laminar sub layer adjacent
to the wall. The resistance of this laminar layer 1s proportional
to its thickness and any reduction of the thickness will result in
a comnarable increase in the rate of heat transfer between the wall
and the fluid. A1l the different techniques developed for
augmentation of heat transfer coefficient are mostly based on this

princliple.

Among the different augmentation techniques namely,turbulence
promoters, vibration or pulsation technique, fluld-solid suspension
technique, injection and suction technique etc., the use of
turbulence promoters has recelved conslderable attentlon. Studles
on the effects of turbulence promoters, usuzslly 1n the form of
twisted tapes or spiral wires have been renorted by many researchers.
A1l these results are in no way general, but they serve to indicate
at least semiquantitatively the effect of turbulence prcmoters on
hezt transfer. The improvement in heat transfer operation achieved
by this tectnique 1s mostly outbalanced because of the correspon-

dingly higher power loss.



The use of jet mixing phenomena in creating high turbulence
and intense mixing between the fluids is well known. The effects
of this mechanism on mass and momentum transfer have been very well
emphasised and the results were highly encouraging. Since the
mementum of the Jet coming out 6f the noézle is being utilised in
mixing phenomena by creating turbulenée and contlnuous renewal of
the transfer gurface, 1t was thought that this mechanism may be
effective 1n the efficient transfer of heat as well. So the present
investigation has been undertaken to study the heat transfer in a
horizontal cylindrical tube using jet mixing phenomena. Ctudles
have been carried out under three categories namely, studles on
heat transfer with Jet mixing - wlth no secondary flow, studles on
heat transfer with jJet ﬁixing - with secondary flow of water, and

studies on two-phase heat transfer with jet mixing with secondary

flow of alr.

The thesis has been presgsented in the following five

chanters and two appendices.

Chapter-I1 : Intreduction.

In thie chapter a comprehensive review of literature on
the different techniques of augmenting the heat transfer operation
has been presented. The feasibility of these technigues has been
discussed from overational and economic point of view. Literature
revlew on the effect of jet mixing phenomena on momentum transfer
operations has also been summarised and presented. Lastly, the

scope of the present investlgation has been stressed.



Chapter-I11 * Mathematical approach to the problem

In this chapter an attempt has been made to analyse'
theoretically the temperature distributien in the system and then
predict the heat transfer coefficient. For the solution of the
problem the basic energy equation for fully developed turbulent flow
has been utilised. The equation on simplificatlion leads to
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and the temperature distribution satisfylng cquation (2.1) for the

cace of constant wall temperature is the solutlon really desired.

The solution of equation (2.1) requires that the velocity
distribution for the system must be known. In the present system
a Jet 1s impinged parallely on a moving fluld and thereby imparts
its momentum for intense mixing and continuous rencwal of the
boundary layer. The mathematical analysis of the system is highly
complicated and 1ittle work has been reperted in this field.
Viktorin(187) carried out an analytical investigation of turbulent
mixing process iIn a simple Jet apnaratus similar to the present one

and has develeoped the following exnression for veloclty distribution:
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This expression for u can be applied in equation(2.1) since the
present system 1s very much similar to that of Viktorin. Then the
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cquation (2.1) has been solved by applylng iterstive technique
in which the generallsed temoerature dlstribution developed by
Martinelll (121) for the case of constant heat flux at the wall has

been used as the first approximastion.

The follovwing exprecssion for the temperature distribution
has been finally found to converge znd therefore, it gives the

desired temperature distribution for the system :
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The functionw( L.) may be obtained from the folloving
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Theoretical predictleon of heat transfer coefficlent @
The rate of heat transfer per unit length of the system

may be written as @
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which may be rearranged to

QTm
X 4h ;
= : --(2.87)
Tw-Tm D{Cp

Combining the equatliens(2.16) and (2.37) and rearranging the ternms

one gets,
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Further 1t may be seen from equations(2.16) and (2.19) that
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and therefcre, tre equation (2.88) finally leads to

hD - Pr ..(2.40)
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Chapter-II1 : Studies on heat transfer with jet mixing__ with

no secondary flow.

This chapter describes elaborately the experimental set-up
and procedure and presents discussion on the results of the

investigation.

The experimental set-up consists of a nozzle chamber, a
horizontal test-section and other accessories. The nozrzle chamber
esrentially consists of a cylindrical horizoental chamber. It 1is
provided with a secondary fluld inlet and a parallel discharge.The
dilccharge end of the chamber 1is weil rounded and is connected to
the herizontal cylindricsl test-section. The nozzle used was of
stralght heole type and was fixed in positlon by means of a spindle.
Tive different nozzles of dlameter in the range of 0.4366 cm to

0.1588 cm have been used.

The test=~section 1s essentially a smooth conper tube of
2.54 cm 1.d. and 0.158 cm wall thickness and 228.60 cm in length.
It was aligned horizontally with the nozzle chamber and arfangementé
were made for uniform and controlled e€lectrical heating of the
test-section. Heat transfer studies have been carrled out at
constant and uniform wall temperatures varying in the range of 270C
to 50°C.

The heat transfer coefficlent, hwg for the present system

has been calculated on the basis of hecat balance over s control



o

volume in the test-section and finally the following expression

for hwg has becen obtalned.
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bxperimental observation on the variation of fluld temperature
along the length of the test-section shows that the rise of tempera-
ture is very rapld within a small %/D and then it becomes gradual
with increase in x/D. The hwg values calculated frém equation(83.9)

have been feound to decrease mecnotonically with Increase in x/D.

The heat transfer coefflcient, hwgy was also calculated from
the theoretical equation(2.40) derived in Chapter-II and was found
to agree satisfactorily with the experimental values. The deviation

being within +

18 percent.

In order to find the augmentation in heat transfer coefficlient
by Jjet mixing,the hfy values of heat transfer coefficlent for ordinary
tube flow without jet mixing for the same fluid flow rate and wall
to buli temperature difference have been calculated from the
Sieder-Tate relation @
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The hwg values have been found to be much higher than the

corresponding hf'y values.

The augmentation ratio, hwg was found to decrease with
S
increase in x/D and 1t varied from a maximum of 11.11 at x/D=18 to

a minimum of 1.13 at x/D = 90 in the experimental range covered.



In view of the complexity of the system an attempt has
been made to find out the effects of physical and dynamic varlables
as well as the geometry of the contactor on the augmentstion ratio.
For this purpose dimensional analysis has been made and the
following generalised equatlon has been obtained
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For the present system the general equation (3.27) on

rearrangement and simplification leads to

hwg Mg Mo mg m
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The exponents of the different groups 1n the zbove equatlon
hae been determined granhically and finally the following generalised
correlation for the syctem 1s obtained

hws -0.64 7.33 0.21 -0.36
- n’ (Prg) (AR) (5~ .. (3.33)

The value of Cg obtained, 1s 0.1862 and the correlation coefficlent

for the sbove equation is of the order of 0.83.

Chopter~IV : Studies on heat transfer with Jet mixing__ with

secondary flow of water.

When the jet lesues from the nozzle, suction is created due
to Bernoulll effect. In the previcus chanter studies have been
reported without secondary flow but in the present case suction

has been utillised to suck a secondary fluild in the system. This
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will ensure utilisation of unused suctlon pressure as well as

improvement in heat transfer coefficlent for the same Jet momentum.

The chapter describes the experlmentsal procedure along with
the different parameters measured. The jet Reynolds number ranged
between 2.5)(104 to 9.3)(104 during the experiemnt.

1
Heat transfer coefficients, hwg have been calculated from

equation(3.8) and the hfg values for ordinary tube flow at the same
Reynolds number have been calculated from equation(3.12).
The theoretlical equatlon(2.40) derived in Chapter-II has been
$ 1
used to calculate the heat transfer coefficients, hwg and these have

been found to be in agreement with the experimental values. The

deviation belng wilthin + 20 percent.

1
The augmentation ratilo, Bﬂﬁ varied from a maximum of 3.4 at
x/D = 18 to & minimum of 1.01 &t x?D = 90 wilthin the range of
cxncriment.
Attempt has been made to propoce generalised correlation for
Bég uslng equation (3.27). For the present system the generalised
eqaation (3.27) on rearrangement and simplification gives,
' ;
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3
Using experimental data, equstion (4.5) has been solved

graohically'and ls reorecented by

hwg , =0.058 7 .43 0.526 ~-0.53
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The constant, Cg is equal to 1.10x107° and the correlation
cocfficient of the equation (4.7) was found to be of the order of

0.32,

Chanter-v @ Studies on two-phase heat transfer with Jet mixing

with seccondary flow of zair.

Research investigations on non-isothermal two-phase flow of
alr and water in cylindrical pipes have been reported in literature
and improveéd heat transfer coefficient with respect to single phase
flow of 1liquid have been claimed. In the present case attempt has
been made to study the effect of jet mixing on.two-phase heat transfer

operation.

A brief literature survey on two-phase heat trangfer has been

presented in this chapter.

In the previous chapter studles have been reported with
gsecondary flow of water but the present chapter deals with two-phsase
heat transfer studles with Jet hixing while there 1g a secondary
flow o air. Minor modificatiocons made over the set-up and the
experimentsl technique followed to measure the different quantitieé,
have becen thoroughly reportea. Exprrimental data have been collected
for alr and water flow rates within the range of 0.218 to 1.842

cft/min and 648 to 1958 1lbs/hr. respectively.

The two-phase heat trensfer coefficient has been calculated

from the equation (5.9) developed from macroscoplec heat balance over



a control volume.
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In order to find the augmentation of the two-phase heat
transfer coefficient by Jjet mixing, the hf, values of hest transfer
coefficlent for ordinary tube flow without jet mixing for the same
llquid flow rate and wall to bulk temperature difference have been

calculated from Dittus-Boelter equatlon.

fg 1In previous two cases it 1s seen that the temperzture of
the alr-water mixture rises rapidly over an x/D of 54. Therefore,
all the heat transfer calculations have been made over this length of

the test section.

The augmentation in heat transfer coefflcient has been found
to be greater than that in previous cases. Agaln the hTPS ie found
to Increase wlth alr flow rate upto a certsin 1limit and then decreascs
as air flow rate increases. Similar observations have been reported

by different researchers.

Further an attempt has been made to correlate the augmentation

ratio , Ezfg with the different system variables. The general

R g
equation (3.27) on rearrangement gives the following equation for the

present system

hTp 4 % 4+ %3 %9 v g
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n
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Experimental data were used to solve the equation(5.15) and
the different exponents were determined graphically. The final
correlatlon obtained for the present system is presented as

-0.3 7.3 -0.57

hTPq §
== Cq (Bug) (Pry) (4g) ..(5.18)

hf

s
The value of Cop obtained, is 0.124 and the correlation coefficient

Tor the equation (5.18) was found to be of the order of 0.81.

Appendix-I 3 Theoretical evaluation of heat transfer coefflclent

with jet mixing - with no cecondary flow.

The heat transfer coefficlent, hwg can be evalusted theore-
tically from equation (2.40) derived in Chapter-II. This appendilx
gives a complete calculetlon procedure and precsents the sample

calculation for a typlcal experimental run.

Appendlx-IT @ Theoretical evaluatlon of heat trsnsfer coefflecient

with Jet mixing =- with secondary flow of water.

t
The heat transfer coefficlent, hwg may be theoretically
calculated as before, from the equation (2.40). Sample calculation

for a typical experimental run has been shown in this appendix.



