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Abstract—Three dimensional simulations in tube in tube heat The major technical and non-technical barriers msst
exchangers are investigated numerically in thisdystulin these removed in order to make compact heat exchangerdirst
simulations forced convective heat transfer andifamflow of hoice. Although there are many different sizesgele of

single-phase water are considered. In order to unedseat transfer sophistication. and types of heat exchangers. Hieuse a
parameters in these heat exchangers, FLUENT CFZe6isl used in theprmally Conauctingyei)lement— usually in %he 'form;aotube
this numerical method. For the purpose of creaiegmetry and | fluid h th f
exert boundary and initial conditions in the preseodel, finite or plate—to separate two fluids, such that one wansfer

volume method in Computational Fluid Dynamics iedisn this thermal energy to the other. Home heating systesesauheat
study. In the present study, at each Z-locatiomjatian of local €Xchanger to transfer combustion gas heat to wateair,
temperatures, heat flux and Nusselt number at thelevtube is which is circulated through the house. Power plastslocally
investigated in detail. Thereafter, averaged coatprtal Nusselt available water or ambient air in quite large heathangers to
number in this model is calculated. In additiomeeivable pressure condense steam from the turbines. Many industrial
drops have been obtained at each Z-location inrtfosiel. Then, gnpications use small heat exchangers to establistaintain
pressure drop values in the present model are edld-inally, all a required temperature. In industry, heat exchangerform
the numerical results for this kind of heat excrangill be discussed : L .
precisely. many tasks, ranging from cooling _Iasers to esthb a
controlled sample temperature prior to chromatogyap

Keywords—Heat exchanger, Laminar flow, CFD, NusseltAnyone who wants to use a heat exchanger faces a

number, Tube in tube, pressure drop. fundamental chall_enge: fully definin_g the problem b_e
solved, which requires an understanding of thentioelynamic
I. INTRODUCTION and transport properties of fluids. Such knowledga be

combined with some simple calculations to defingpacific

EAT gxchangers serve a straightforward PUrPOS§eat  transfer problem and select an appropriatet hea
controlling a system’s or substance’s temperatue k. changer. Heat exchangers come in a wide varietypes
adding or removing thermal energy. According totButorth 54 sizesHere are a few of the most common ones.
and Mascone [1], the area that might represenbbtiee more  Coil heat exchangers have a long, small diametbe tu
important aspects of a heat transfer engineer'ssjgompact placed concentrically within a larger tube, the bamed tubes
heat exchanger3he design flexibility for selecting geometric being wound or bent in a helix. One fluid passesubh the
configurations is a major advantage of compact heatner tube, and the other fluid passes throughotiter tube.
exchangers. On the other hand, it may representarm This type of heat exchanger is robust—capable oidlag
hurdle, because no comprehensive guideline candsdye high pressures and wide temperature differencethofgh
developed for different kinds of compact heat excesis. these exchangers tend to be inexpensive, they deather
They have advantageous design features $miected poor thermal performance because of a small heasfer
applications [2], [3]; however, they are not thestfichoice for area. Nevertheless, a coil heat exchanger may &ebdist
the design engineer in the process industries. choice for low-flow situations, because the sirtglee passage
creates higher flow velocity and a higher Reynatdsnber.
These exchangers are commonly used to establisked f
temperature for a process-stream sample prior kinga
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Shell-and-tube heat exchangers consist of a buwodle In fact, the major aim of this study is to investig heat
parallel tubes that provide the heat-transfer serfseparating transfer characteristics in this kind of heat exgj@s. In this
the two fluid streams. The tube side fluid passemllg numerical method, in order to have higher exactniess
through the inside of the tubes; the shell-sid&lfhasses over calculations, three dimensional computations analyais is
the outside of the tubes. Baffles external and gredjcular to used.
the tubes direct the flow across the tubes andigeotube In this article, in order to reach to maximum capeaf heat
support. Tube sheets seal the ends of the tubesirieg transfer, efficient options in FLUENT CFD Solveeaelected
separation of the two streams. The process fluidsigally that they will result maximum temperature differerizetween
placed inside the tubes for ease of cleaning ortalce hot and cold water. For the purpose of reasonabdeilts,
advantage of the higher pressure capability infidetubes. initial and boundary conditions are selected close
The thermal performance of such an exchanger ysuaéixperimental conditions as much as possible. Rindtlis
surpasses a coil type but is less than a plate. fypessure attempted that the detailed and reasonable expasatre
capability of shell-and-tube exchangers is gengrhigher demonstrated for each results.
than a_plate type but lower than a colil type. B. Assumptions of physical model

Laminar parallel-plate heat exchangers are a félera
design, since they provide high heat transfer fogieen In this present model, geometry and existing bonnaad
compactness, The problem with laminar plate heahaxgers e€ngth of the tube is longer than the length ofrbggnamic
is that if flow maldistribution occurs, it severedegrades the €ntrance zone. So, the flow of this fluid is assdme

In recent years, practical heat transfer enhanceméeReY are considered in these simulations are lisedoiw:
techniques have been developed and many articles been
devoted to this area [8, 9]. The biggest benefitmfrheat 1.In order to describe fluid flow and heat transfar this
transfer enhancement is reduction in the size oéthe Physical model, three dimensional Navier-Stokes and
exchangers. For the same heat load requirement) smaller ~ €nergy equations were utilized.
heat transfer area is needed due to a higher ovieeak 2. The process is steady and the fluid is incompréssib
transfer coefficient. Second, the heat transfettfersame load 3- The flow is laminar.
can be carried out for smaller driving forces, whimplies 4- The body forces are neglected.
higher thermodynamic efficiency. Third, a higheatiad can - Radiation heat transfer and natural convective treasfer
be exchanged for the same area and the same diivirey are neglected.

On the other hand, enhancement techniques have b&eAluminum is used for jacket (outer tube) in thisegent
developed for the shell side as well. Especiallgases of a ~ model.
vi;cous fluid with hig_h fouling tende_ncies, it istber to place C.Governing equations and boundary conditions
this process stream into the shell side of a heeftanger. In
this case, exchangers with helical baffles candrsidered as
a very effective way for enhancement [10, 11].

In this article, heat transfer characteristicshiase kind o
heat exchangers are investigated numerically. is $tudy,
variation of temperature, heat flux and Nusselt benin these

According to the above assumptions, the Navier&tand
energy equations are utilized to describe the fllosv and
¢ heat transfer in the whole region of this modele Boverning
equations are:

models are examined in detail. In these presentlations, Continuity
single-phase water in laminar flow is consideredvearking -
fluid” in these investigations. FLUENT CFD Solverselected 0.(pV)=0 2

as an appropriate software in order to calculatg hansfer
parameters in this paper. Then, pressure drop vdlughe Momentum
present model were explored. Finally, after obdeymathe

trend of temperature, heat flux and Nusselt nunfitnesingle- O.(o;W) =-0P+0.(u;0V) ®3)
phase water in this kind of heat exchangers, reswill be
discussed precisely.
Energy
[I. NUMERICAL ANALYSIS D.(\7(pfcpyfT)) =0.(k, OT) (4)

A. Description of Numerical simulation procedure
In the present paper, FLUENT CFD Solver is used t4/here ki, 4;,p¢,Cc, ~ represent the thermal

investigate heat transfer parameters in these dyadiangers conductivity of water, molecular viscosity, denségd

and then obtained results will be investigated eted. After gpecific heat at constant pressure of water flow,
several exact simulations, required results willobéained in  respectively.

this model.
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D.Computational modeling and Boundary conditions
After review of previous studies in this researcbaa it is

concluded that in channel surfaces in comparisaruter tube

finer meshing should be used. In these simulatiorder to

decrease the volume of calculations and the nunidder

iterations in FLUENT CFD Solver a section of mogelsed
for these simulations. With using of “SYMMETRY” aphs
for number of walls in this simulation- instead &dll

simulation- a section of this model could be sirtedawith the
same accuracy. In figure 1, the geometry of thislehavith its
geometric characteristics is shown. Meanwhile,his figure,
Z-direction and X-Y plane are the indicators foe ftthrection
of fluid flow and cross section plane, respectively
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Fig. 1 Cross section of tube in tube heat exchanger

round-tube

Fig. 2 Partial geometry and grid generated of fnltebe heat
exchanger

Moreover, in order to gain confidence that all thes
numerical results aren't affiliated to differentidydimensions
after exertion of meshing process, a grid indepecee
examination is performed in this three dimensianabel. In
this study, based on number of grids which are lalvigi
during the meshing procedure, three kind of gricliges
(fine, mediocre and harsh) were generated. Aftenparing
iteration results and convergence speed, betwesse tthree
kind of grids “mediocre meshing” is selected asaaebmodel
in order to continue further investigations andat®ns in this
numerical simulation.

In order to prevent simulation of whole geometry,
“SYMMETRY” boundary condition is exerted to some
distinct walls in this model. Besides, “Mass flowleat”
boundary condition is used for definition of entarzone of
this model. In order to obtain better convergenoe &
prevent in forming of reverse flow in outflow sexts
“pressure outlet” boundary condition is used. Hinaafter

In the meanwhile, after several investigations agonmodelling of this geometry in Gambit Software amdréion of

available and reputable experimental results, ibletal
geometric characteristics of this indicated modeltabulated.

TABLE |
GEOMETRIC CHARACTERISTICSFOR TUBE IN TUBE HEAT EXCHANGER

Parameter Length (mm)
Rround-tube in 5.53
tround-tube 0.4
Riacket 13
Ltube 1000

Besides, after examination and comparison thoserakv

kind of meshing finally “Tri-Pave” meshing is sefed in
Gambit Software. This kind of meshing has high aacy and
it can save the iteration time extremely. In fig@rehis kind of
selected meshing is presented.
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all initial and boundary conditions, the presentdelds ready
for numerical simulation.
E.Numerical simulation

By using reputable and available experimental tedubm
previous articles, initial and boundary conditicare defined

exactly for this present model. At first, in orderdetermining
the water mass flow ratdif), equation 5 is exerted.
i = A

Dh

(%)

In order to locateDy, in equation 5, the value of hydraulic
diameter is calculated with using of equation 6fo#lews:

_ 4(cross—sedion—area)
Wetted- perimeter

(6)

h
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The Darcy-Weisbach formulation, Equation 7, whitlisi
presented in “Introduction to Heat Transfer” [12¥}ill be
utilized to determine pressure drop in laminar eagof fluid
flow. By placing Darcy friction factor(f) in equation (7),
pressure outlets are calculated for each simulation

2
Ap= f.i.pv
D, 2

()

Above procedure for calculating pressure drops \vél
presented admissible results. Consequently, init#add
boundary conditions, pressure drop and frictiontdiagf)
which they were applied in simulation of this heathanger
model are tabulated in table II.

TABLE Il
INITIAL CONDITIONS OFTUBE IN TUBE HEAT EXCHANGER
Parameter Tube Jacket
Tin (K) 283.6 333
ikg/s) 0.03 0.03
Re 14475 1165.3
f 0.05 0.078
Pgauge(Pa) 325 6.68

Finally after the process of modelling and meshigg
dependency process and also exact assigning @l iaibd
boundary conditions, iteration process will be tethr

Ill.  RESULTS ANDDISCUSSION

The aim of this study is to calculate and discussué the
trend of variation for heat transfer parametershsas:
temperature, heat flux and Nusselt number in thid kf heat
exchanger. After the process of grid dependencysatetting
the best kind of meshing, with using this kind obdel,
changes of heat transfer characteristics betwetar oall and
cold water is investigated precisely.

A.Wall and fluid local temperature

One of the most important aims in this simulatient®
calculate wall and fluid temperature at each Z{iocain the
depth of this model. In this three dimensional nrica
simulation with utilizing “X-Y plot” option in Fluat CFD
Solver, the trend of variations for wall and flugmperature
are calculated. Finally, after averaging the resimtMicrosoft
Excel at each Z location, temperature profiles @l and
water fluid are acquired. Wall and water fluid tesrgtures at
each Z- locations are shown in Figure 3.
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Fig. 3 Local fluid and wall temperature of tubeube heat
exchanger

As it can be seen in figure 3, with moving in th& +
direction, a decreasing temperature differencebigined. As
it is cleared, the maximum temperature differendét be
occurred in the cold water inlet region or in thibes words it
will be happened in the outlet zone of the hot wate

As it is shown in figure 3 and with moving in theZ +
direction, fluid and wall temperature could notaledogether
in any sections of this model.

B.Local heat flux variation

The rate of local heat transfer from hot water barmel
wall at the +Z direction for tube in tube heat exaopers is
plotted in Figure 4.

12000
10000 ‘\
8000 \“'L-..___
Heat Flux 6000
4000
2000
0 ; .
0 0.2 0.4 0.6 08 1
position

Fig. 4 Local heat flux variation for tube in tubeat exchanger

As it is cleared in figure 4, the maximum rate eahflux is
occurred in hot water outlet region. Based on tewatpee
diagram in figure 3, it is obvious that maximum thehax will
be happened in that indicated region. With moving+Z
direction, the rate of heat flux is decreased gadigluFinally,
in hot water inlet region because of minimum terapeme
difference between fluid and wall temperature, tieaimum
rate of heat flux is occurred.
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C.Local Nusselt number variation

The main goal of this section is to calculate loNalsselt
number at each Z location along the tube lengtthisf heat
exchanger.
calculated later such as; wall and fluid tempeegurheat
flux,...and with using equation (8), local Nusselimber can
be obtained at each Z location.

q'(2) ]Dh

T.O-T,@ |k ®

Nu(z) =[

Which k, Dy, and q” are indicated thermal conductivity of
water, hydraulic diameter and heat flux, respedbtivalso, w
andf indices are introducers for wall and fluid, respesy.
The trend of variation for local Nusselt numbettirs model is
shown in figure 5.
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Fig. 5 Local Nusselt number distribution for tubetube heat
exchanger

With moving in +Z direction the local Nusselt numtvell
be increased gradually because two efficient patenrmen
Nusselt number formula i.e.: heat flux and wall ddd
temperatures have a similar trend in this modelalfy, as it is
cleared in figure 5, maximum local Nusselt numisesdcurred
in the inlet region of hot water because in thigioe thermal
boundary layer is beginning to develop.

D.Computational average Nusselt number

In order to calculate the averaged Nusselt numberuier
tube of this heat exchanger model, obtained valaesocal

With utilizing parameters which they eaver

Pressure

0.4 0.6

Position

Fig. 6 Variation in pressure values along the 2ction in tube in
tube heat exchanger model

Since a sudden flow contraction and expansion exXistt
the entrance and exit of this heat exchanger, thiabh
measured pressure drop included these contractih a
expansion losses. The pressure drop, in figureofyeter,
represents the pressure drop only along the chameete, the
calculated pressure drop caused by the contractiod
expansion were subtracted from the measured values.

IV. CONCLUSION

Three dimensional simulations in this heat exchangzdel
were investigated numerically in this study. In dhe
simulations forced convective heat transfer andinamflow
of single-phase water were considered. In ordemé&asure
heat transfer parameters in these models, FLUEND CF
Solver was used in this numerical method. For timpase of
creating geometry and exert boundary and initialditions in
the present model, finite volume method in Comjponte
Fluid Dynamics was used in this study. In the pneséudy, at
each Z-location, variation of local temperaturesathflux and
Nusselt number at the whole tube was investigatetbiail.

Thereafter, averaged computational Nusselt nuntbéhis
model was calculated. In addition, conceivable gues drops
had been obtained at each Z-location in this modken,
pressure drop values in the present model wereoesglfor
each Reynolds number. Finally, all the numericauits for
this kind of heat exchanger were discussed prgcisel
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