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Abstract

The aim of this work is to validate the Dittus-Beelequation by experimental, correlation and Satioh method.
It used to find the value of heat transfer coeéinti'h’ for turbulent flow in many fluid transfer systemshis work
discusses how the Dittus-Boelter equation is agpiethe problem of circular pipe. In experimentatification a
DATA ACQUISTION (DAQ) SYSTEM is used to measure ttemperature accurately & reliably. This DAQ
system also serves the purpose of condition mangaystem, which records the temperature chanigée system
continuously. In CFD simulation ICEM CFD for mouhg) and FLUENT 14 for analysis are used. Result€eb
simulation will be obtained by CFD-POST. Here h&ansfer coefficient value is compared by correladi
experiment and CFD simulations, finally the aintto$ work is to validate Dittus-Boelter equation.
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1. Introduction

In the study of thermodynamics the average heasstea coefficient, is used in calculating the cartien heat
transfer between a moving fluid and a solid. Thishie single most important factor for evaluatiogwective heat
loss or gain. Knowledge of h is necessary for heamnsfer design and calculation and is widely uged
manufacturing processes, oil and gas flow processeks air-conditioning and refrigeration systemse Thieat
transfer coefficient is critical for designing addveloping better flow process control resultingeduced energy
consumption and enhanced energy conservation.

It is also influenced by flow velocity and surfageometry. It may be noted that the physical ormtatiproperties of
the surface material play no part in the processooivective heat transfer. As the fluid propertiesy with the
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temperature and locations the value of convecteat transfer coefficient vary from point to poititis leads to the
situation that analytically derived equation arpleable only to a limited extent

1.1 DITTUS-BOELTER RELATION

The conventional expression for calculating thet tr@asfer coefficient in fully developed turbuldtdw in smooth
pipes is the Dittus-Boelter equation.

Ny=CR.mPm
Where C, m and n are constant determined experaiignt
We will use these values -
C=0.023, m=0.8 and
n = 0.4 for heating of the fluid
n = 0.3 for cooling of the fluid

The properties of this relation have been calcdlaethe average fluid bulk temperatures. Equaisowalid for

single phase heat transfer in fully developed tlenuflows in smooth pipes for fluids with Prandtimber ranging
from 0.6 to 100 at low heat fluxes. At high fluxbe fluid properties changes resulting in higheors. At higher
heat fluxes the Sieder-Tate equation is used tacesthe error. The work presented is about desygenimdl acquiring
data from an experimental setup to verify the BiBoelter empirical relation by finding the heaartsfer
coefficient. The value of the heat transfer coédfit has been calculated from theory, experimemt @RD

simulation to compare the results.

2. M ethodology

The below flow chart represents the step by steqkiwg procedure of this work. Thestandard procedaré CEM-
CFD work follows the above components. For the gmeswvork, in case of pipe creating the geometrynthe
computational domain is constructed around the pggemetry, later set the mesh parameters then afesethe
mesh. Later this mesh is exported in the fluentiabbe format

)
METHODOLOGY

—

1 1
EXPERIMENTAL) (CORRELATION ) (CFD

ANALYSIS METHOD USING SIMULATION
USING DAQ E'TJ;’TSI‘CE)‘SELTER USING ANSYS
SYSTEM Q

N\ J

Fig 2.1: Methodology
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3. Experimental Set Up Of Forced Convection

Fig. 3.1: Experimental Set Up Of Forced Convention
The experimental set up consists of a blower uttéd with the rest pipe. The test section pipgrisy cast
iron surrounded by nichrome heater. Four tempegas@nsors are embedded on the test section and two
temperature sensors are placed in the air stredéime @ntrance and exit of the test section to nreaauinlet
and outlet temperature. Test pipe is connectethe¢adtlivery side of blower along with orifice to asere
flow of air through the pipe. Input to the heataough dimmer stat and measured by voltmeter andeder.
Air flow is controlled by gate valve and is measuvéth the help of orifice meter and the manométed
on board.

Specifications:

Length of hallow pipe L = 0.6 m
Pipe inner diameter 3i 0.032 m
Orifice diameter = 0.016 m

3.2 Lay Out Of Experimental Setup

SENSORS
| I | | ] | ORIFICE METER
l HEATING SECTION ‘[’h‘ =
— MANOMETER

BLOWER

Fig 3.2 Lay Out Of Experimental Setup
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3.3 Data Acquisiton (DAQ) System

Our DAQ system consists of an Arduino Duemilanoveratontroller and six DS18B20 sensors. The senawms
connected in Daisy chain arrangement and connéattite microcontroller using one wire bus. Anotkerial port
application “COOL TERM” is used to display & savetdata sent by these sensors.

Data (DQ)

d &
"
Arduineeg:
Duemilanove ~ - -|

S

Fig 3.3 Sensors Connected to Arduino

The main advantage of using the DAQ system to nreasmp is the accuracy & flexibility. They haveexy quick
response time compared to thermocouple based systeam also function as a condition monitoring eyst The
data can be saved to an excel file as shown i8.8g

A B C D E F
1 37.56 52.88 57.81 60.63 58.44 42.56
2 37.56 52.88 57.88 60.63 58.5 42.63
3 37.56 52.88 57.88 60.69 58.5 42.63
4 37.56 52.94 57.88 60.69 58.56 42.56
5 37.56 52.94 57.94 60.69 58.56 42.63
6 37.56 32.94 37.94 60.75 38.56 42.63
7 375 52.94 57.94 60.75 58.56 42.63
8 37.56 52.94 57.94 60.75 58.56 42.69
9 37.56 53 57.94 60.75 58.63 42.69
10 37.56 53 58 60.81 58.69 42.69
1 37.56 53 58 60.81 58.63 42.69
12 37.63 53 58 60.81 58.69 42.69
13 37.63 53 58 60.81 58.69 42.69

Fig 3.4: Recorded Temperature
3.4 Calculation of Heat Transfer Coefficient

1. Results obtained by experimental set up:

T,=37.56c, }=52.88c, =57.81 ¢, T =60.63 c,
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Ts=58.44c,T6=4256¢c,H=.12m
Ts=T2 +T3.T4.Ts -57.44cC

4
T,-T:.T6 =40.1c

2
Properties of air: Density = 1.2 kginy=16.9x1¢,

K =0.027,F =0.711, G=1.005 kJ/kg

A;=area of inlet is 8.04 * Thm?

Discharge through orifice:

q= CdAoV Zgha

WhereCu= 0.65, 4. is the area of orifice which is

2.01x10%m?

h, = (Density of water * head of water) = 1000 * 0.12

Density of air 1.2
=100 m

q=0.65*2.01 * 1¢* (2*9.81*100) = 5.79*1Gm%s

Velocity V = (g/A) = 7.2 m/s

Mass flow rate m = q * density of air = 6.948 *iKyy/s
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Heat Carried by air:
Qa=m* G*dT =34.91 J/s
A=n*D;*L=0.06nf

Now, Q=hA (Ts- Ty

Therefore,
h= Q = 34.91 = 33.55 W/mK
A(Ts-To) 0.06* (57.44 — 40.1)

|h = 33.55 W/m?K_|

2. Result by correlation method

In the correlation method, we use Dittus-Boelten ég obtain the value of Nusselt (Nu) number fog thiven
system & with the egn for Nu we obtain the heatdfar coefficient.

Re=VD =7.2%*0.032 =13585
y 16.9x16
v is kinematic viscosity obtained from data handkpmperties of air which i%.96 x 107°.
Using Dittus-Boelter eqn,
Ny=0.023R.°°P,** = 40.64

We know,

hD
u ~ "k, where h is heat transfer coefficient, D is pipear diameter and k is thermal Conductivity ofaimean

temperature obtained from properties
Therefore,

h=Nu*K =40.64*0.027 =34.29 WK

D 0.032

h = 34.29 W/rfiK

Experimental h= 33.55 W/hi. Now validate the correlation using CFD simulatio
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4. CFD Simulation
4.1 CFD Analysis of Pipe
There are four basic steps involved in the CFDyaisbf pipe. They are given as below:
1. Creating Geometry & meshing
2. Pre-processing
3. Solver
4. Post-processing
4.2 Geometry Model

ANSYS ICEM is used to build a 3D geometry for CFDabysis. The geometry is created and Meshed using
ANSYS ICEM CFD. The length of pipe is 600mm anddndiameter is 0.032m.

‘ 0.00 100.00 (mm) z‘k %
)

50.00

Fig. 4.1: Modelling of Pipe Using ICEM CFD

4.3 Meshing

The computational model is created in ICEM-CFD a&s the dimensions shown in Figure 4.2. Later the
Tetrahedral Mesh with Smooth Transition grid iseyated.
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Fig. 4.2: Mesh Generated Using ICEM CFD
4.4 CFD Simulation in FLUENT

The computational model is created in ICEM-CFD assthe dimensions shown in Figure 4.1. Later theeahedral
Mesh with Smooth Transition grid is generated. Tblees and the boundary conditions are specifieBlihUENT
i.e. used segregated solver with asymmetric spaad-apsilon for turbulent modelling.

The boundary conditions and reference values arerstelow.
Boundary Conditions:
1. Location =inlet
Boundary details, subsonic
Normal speed = 7.2 m/sec
Medium intensity heat transfer
Static temp =310 k
2. Location outlet
Boundary details
Relative pressure = 1 Pa

Wall Option: no slip wall ,Smooth wall
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4.5 Results

1: Contours of Static Temper = |

Contaurs of Static Temperature (k) Apr 26, 2014
AMEYS FLUENT 14.0 (3d, pbns, ske)

Fig 4.3: Temperature Plane

1: Contours of Static Temper ~
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Fig 4.4: Temperature Plane

1: Contours of Wall Func, He v |
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Contours of Wall Func. Heat Tran. Coef. fwim2-k) Apr27, 2014
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Fig 4.5: Heat Transfer Coefficient
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Fig 4.6: Heat Transfer Coefficient

5. Validation of Experimental, Cfd And Correlation

Experimental h= 33.55 W/
Correlation  h= 34.29W/Ai
CFD simulation h= 36.5 W/fK (from fig 4.6)

From this, we observe that the value obtained bl @Fvery nearer to correlation and experimentaldeeDittus-
Boelter equation is validated.

The primary objective of this work is to determimeat transfer coefficients (local and average)ditferent flow
geometries and this heat transfer coefficient (Ay tme obtained by experimental or theoretical nmagho

Theoretical methods involve solution of the bougdayer equations to get the Nusselt number. Orother hand
the experimental methods involve performing heatsfer measurement under controlled laboratoryitiond and
correlating data in dimensionless parameters. Mamgelations for finding the convective heat trangfoefficient
are based on experimental data which needs unagrianalysis, although the experiments are perfdromeder
carefully controlled conditions. The causes oftheertainty are many. Actual situations rarely comf completely
to the experimental situations for which the catiehs are applicable. Whatever the value obtaibgd
experimental, correlation and CFD simulation agnétln each other with an error less than 10 %. HebDitkis-

Boelter has been validated

6. Conclusion

By carrying out experiment, simulation and caldalat it is conclude that these correlations giveearor well
within the range 10 % and usually less in contcbkavironment. The results clearly validate the ok®ittus-
Boelter correlation in many industrial applicatioi$iere are many reasons which contribute to the@®rThe heat
loss does account for errors, but the value of loesatis negligible as compared to total heat fllixe heaters are
local made and do not provide constant surfacefheaslthough it has been tried to control wattafeach heater.
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Secondly all sensors (temperature) are attacheal d¢iose proximity of 220 V AC lines coming from hea.
Therefore signals from sensors are distorted avel @ error. If somehow these problems are overcesigts may
improve. Another thing is correlation results mbst more but here it is less because this has lmangtthe
property of air at mean temperature of inlet andetuobtained by experiment.
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