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Introduction

A heat exchanger is a device that transfers heat from one substance to another. The earliest
uses of heat exchangers consists of heating of rocks and placing them within huts or small tents
to warm the interior without fear of burning it down. Through many decades of evolution, heat
exchangers have been improved upon over and over. The study of heat exchangers led to
having to understand two things, the different flows of fluids and configuration of its design.
There are four basic flow configurations that are used which consists of counter, parallel,
crossflow and hybrids such as cross counterflow and multipass flow. The design configurations
consists of recuperative and regenerative heat exchangers. In a regenerative heat exchanger,
the flow path is heated when hot fluid passes through it and then the heat is released to the cold
fluid. It is broken down to two types, static and dynamic. In recuperative heat exchangers, it is
split into three categories, indirect, direct and specials heat exchangers. Indirect heat
exchangers consists of tubular and plate design. Direct heat exchangers consists of cooling
towers, direct contact condensers, steam injectors and direct heating. Lastly, special heat
exchangers are scraped surface, wet surface air coolers.
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Problem Statement
A design of a shell and tube heat exchanger using water as the cooling fluid to reduce the
temperature of hot oil (olive oil) flowing through a tube. The design should have a target

effectiveness of 25%.



Model Summary
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Design Fluid Material Boundary Length (mm) | Diameters
Concepts Characteristic | Assignment | Conditions (mm)
1 Tube 1 V,=.52m/s Tube- Copper T,=343 1200 D,=73.8
Shell Vo=.79 Snelr Castlron | 7= 283.2 Doo= 73.8
(Parallel) Tho= 340.4 m,=.25 kg/s D,= 20
m,=.35 kg/s D,.= 20
P..= 1 atm
P.= 1.8atm
3 Tube 1 V= .34 Eﬁiﬁ g&mzs T,=343 1100 D,=36.9
Shell Vo= .08 Steel T, =283.2 D..= 36.9
m,=.25 kg/s D.= 20
my=.35 kg/s D,.= 20
Pi.= 1 atm
P.= 1.8atm
4 Tube 1 V.= .0002 Tube- Copper T,=343 1100 D= 34
Shell Vio= 1.2 Shell- Castlron | 1= 283.2 Doo= 34
(Counter) Tho=334.4 my=.25 kg/s D.,=5
m;=.35 kg/s D,,=10
Pro= 1 atm
P.,= 1.8atm
4 Tube 1 V.= .0002 ;l;]f;ﬁ ggztpﬁ(f)n T,=343 1150 D= 34
Shell- Finned | V,,=.9 Sheet T, =283.2 D,,= 34
(Counter) Tho=332.3 m,=.25 kg/s D.=5
m,=.35 kg/s D,.= 10
P..= 1 atm
P.= 1.8atm
13 Tube 1 V.= .348 gl;t;ﬁ gtc;?rﬂzgs T,=343 1200 D,=10
Shell Vo= .19 Steel T, =283.2 D= 10
Tho= 329.6 m.=.25 kg/s D,=8
m;,=.35 kg/s D,,= 8
Pi.= 1 atm
P.= 1.8atm
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Calculations
Assumptions

Steady Flow (no change in conditions w.r.t time)
Outer Surface of heat exchanger is perfectly insulated
Mass flow rate of both fluid is constant

Fluid Properties are constant

Heat transfer Coefficient is constant and uniform

Changes in the Kinetic and Potential Energy of fluid stream is minimal
A ors ka/s

T N,
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Results
3 Tube 1 Shell

-General settings

General Settings
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General Settings

Anelysis type Consider closed cavities
@ lIntemal (%] e e it iy s Fluids, Fath New
E Analysis pe: Gases
O Etemal Exclude intemal space Liquids
@ Fhids Non-Newtonian Liquids
Physical Features Value Compressible Liquids
Heat conduction in solids N @ Sl Real Gases
Radiation O Steam
Time-dependent O B vl condiions B el conions
Gravity a
Rotation O Initial conditions el eonditions
Add
Project Fluids Defautt Fluid ~ Remove
Default fluid type Liquids
Water { Liquids ) ]
Olive oil { Non-Newtonian he
Flow Characteristic
ok ] ey | cencel || Hep ok | appb | | Camel | | Hel
General Settings ? X General Settings ? %
Default outer wall thermal
Aloys Analysis type: Roughness 0 micrometer @ Analysis lype
Buiking Materials . X
Ceramics e Fuids B Fhids
Giasses and Ninerals
IC Packages - Solids E Solids
Laminates.
Hetan & Wl condions @ wall condiions
Nen-isotropic . .
Iritil conditions Iritisl condiions
Polymers
Semiconductors
1 User Defined
Assem1 SLDASM
‘SOLIDWORKS Material
Wiesley heat exchanger
v3.SLDASM
Solds in the model
Defaul solid: |Copper [ PreDefinediMetals | |
[ ok ]| apek || caeel || He 0k | Appl || Cancel | | Hep |
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Boundary Conditions

Static Pressure
182385 Pa

Inlet Mass Flow
0.35 ka's
Inlet Mass Mow
028 kys
Static Pressure
101325 Pa
Surface Goals
BA List of Goals
Mame Current Value Progress Critericn Averaged Value

56 Av Temperature (Fluid) 1 340,805 K 1.7 K 340,747 K
5G Av Temperature (Fluid) 2 283913 K K 104%  0,0140474 K 283.75K

SG Av Velocity 1 01612 m/s [ Achieved it =6 ] 00439878 m/s 0161146 m/s
'SG Av Velocity 2 0.0922046 m/s [ Achieved (IT=67) | 0001827288 m/s 0.0922056 m/s




Temperature Plots

Temperature (Fluid) [K]

Flow Trajectories 1
Flow Trajectories 2

343.00
336 36
32071
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309.78
30313
296 48
28084
283.20

343.00
336.36
32871
323.07
316.42
308.78
30313
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Termperature (Fluid) []

Flow Trajectories 1
Flow Trajectories 2
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Iteration = 145

lteration = 144
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Velocity Plot
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Cut Plat 2: contours
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4 Tube 1 Shell (Fin)

General settings
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Projects - -
u’ﬁ Default = Default outer wall thermal condition Heat transfe @ Analusis tope
Heat transfer coefficient 350 Wim2/K. il p
Temperature of external fluid 2832K
Roughness 0 micrometer

Y Flids
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- Input Data
-[_]] Computational Demain
-8 Fluid Subdomains
[ Fluid Subdomain 1
@ Solid Materials
= Boundary Conditions
| Static Pressure 2
Bf Inlet Mass Flow 2
~JF] Static Pressure 1
R} Inlet Mass Flow 1
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- Mesh
& Global Mesh
B Results (Not loaded)
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Dependency...
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B wew B genent [ gou, ® mn osatnoss B O LSRG B [ s

B Clone Project | [@ 2 o & b - = o W & o

Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MED | Flow Simulation | PEQLAZE B -» - S@-2- 0 - x
0

@

B

e =

? Projects
[ Default

£2. Heat Exchanger- Fins
28 Input Data
[Z] Computational Damain
-1 Fluid Subdomains
@ Fluid Subdomain 1
W Solid Materials
- Boundary Conditions
~.J] Static Pressure 2
P} Inlet Mass Flow 2
| Static Pressure 1
=
=~ Goals
By 56 Av Temperature (Fluid) 1
- Mesh
—.[l| Global Mesh
BF Results (Not loaded)

bl i [E N =4

o

Model [ 30 Views | Motion Study 1 | ]
SOLIDWORKS Student Edition - Academic Use Only Under Defined MMGS @l

Figure. Inlet Mass Flow of Olive oil




Mckay & Xiong 11

J/%SOUDWGRKS| File Edit View Insert Tools Simulation Window Help | O--8-5- - 8 & - Assem- Fin * (@ search soLpworks Help O -| 2 - - P X

% Wiard

S N‘Zﬂf éf G : Ei FI,W g RD o n?\ o B E Flowsﬁlatmn i F%w
ew Some L2 simuiati. I | T Results Features simulati...

By Clone Project | [@ #y o b - - W & -

Assembly | Layout | Sketch | Evaluate | SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MED | Flow Simulation | £

[E5 Projects
- [F® Default

 EBEFR - D-v- -2 OO -3 x

Heat Exchanger- Fins
28 Input Data
[Z] Computational Domain
Fluid Subdomains
Fluid Subdomain 1
@ Solid Materials
- Boundary Conditions
- 1
I Inlet Mass Flow 2 i
Ef Static Pressure 1
R Inlet Mass Flow 1

B

SR Gk
By 56 Av Temperature (Fluid) 1
- Mesh
. ;] Global Mesh

B Results (Not loaded)

Model [ 30Views | Miotion Study 1 |
SOLIDWORKS Student Edition - Academic Use Only Under Defined _ Editing Assembly MMGS - @l

Figure.. Outlet boundary conditions Olive oil

JP?SSOLJDWORKS| File Edit View Insert Tools Simulaion Window Help x| D-F-8-8- v ('] @ - asem-Fins | (@ searchsoupworksHep Q - P - - B X

N wizard b H @B @, ) e A [ i
-+ Flow Flow Simulation Flow
[ wew = g:tgf";‘; 2 Simutati.. | @ Run toadiunioad B < plliFeatures Simulati...
Clone Project | [@ Y o = b - o W & =
Assembly | Layout | Skeich | Evaluate | SOLIDWORKS Add-lns | Simulation | SOLIDWORKS MED | Flow Simulation | LPHIAPEDE - B -+ - & -2 A0 & X

Projects
[f@ Default

€30 Heat Exchanger- Fins
- Input Data
[ Computational Domain
- [§ Fluid Subdomains
Fluid Subdomain 1
- Solid Materials
£ Boundary Conditions

Ef Static Pressure 2 z|
=

B Static Pressure 1
I Inlet Mass Flow 1

Inlet Mass Flow

=~ Goals
.3 SG Av Temperature (Fluid) 1
- Mesh
i Global Mesh

-Bf Results (Not loaded)

AT Model [ 30 Views | Motion Study T |
SOLIDWORKS Student Edition - Academic Use Only Under Defined _ Editing Assembly MMGS - [

Figure.. Inlet mass flow of water
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Final Design
General settings

General Settings
General Settings

Fluids. Path
Analvzis twpe Conzider closed cavities Gases
(®) Internal [V Exclude cavities withaut flaw conditions Liquids
Non-Newtonian Liquids
() External Exclude internal space Compressible Liquids
Real Gases
Steam
Physical Features Value
K Heat conduction in solids _
Radiation O
Time-dependent O
Gravity O
Rotation O Project Fluids Default Fluid ~
Default fluid type Liguids
Water ( Liquids } [
Olive oil { Non-Newtonian A
Flow Characteristic Value
Turbulent Onby
Cavitation 1

General Settings

Path ~ | General Settings

Parameter

Bulding Materials B Default outer wall thermal condition

Ceramics Roughness 0 micrometer
Glasses and Minerals

IC Packages

Laminates General Settings

Metals

Non-isotropic

Polymers Parameter Value
w ——
Semicenductors User Defined

= User Defined E| Thermodynamic Parameters
Assemi SLDASM Pressure 101325 Pa
SOLIDWORKS Material o Temperature 2832K
Wesley heat = Velocity Parameters
exchanger Velocity in X direction 4mis
v3.SLDASM Velocity in " direction 0 mis

= Solids in the model Velocity in Z direction 0m's

! Plain Carbon Steel LID24-1 v Turbulence Parameters

Solid Parameters

Default solid; | Copper [ User Definedhasseml. SLDASMND efault




Boundary conditions
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0.35 kols

101326 Pa

025 kyis

“ 144115 Pa

Surface Goals
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BB List of Geals

Name

Current Value

Criterion

Progress

s~

Averaged Yalue

Oil Outlet Temp 329.662 K 0.402801 K 329,602 K
Oil Velocity 0.118607 m/s [ Achieved IT=253) | 1.11136e-005m, 0118609 m/s
Water Outlet Temp 287,162 K e — SIS 286,813 K
|Water Velocity 0.347673 m/s [ Achieved (IT= 2410 0.000388807 m/: 0347478 m/s

Flow Trajectory Plot

343.00
33873
334 46
330149
325.91
321.64
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28747
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Temperature (Fluid) [K]
CutPlat 1: contours
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CutPlot1: contours
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Velocity Plot

0514
0477
LT}
0404
0367
0.330
0294
0257
0210
0184
0147
[IARTI]
0072
0037
o

Welocity [mis]

CutPlot 2 cantour
Flow Trajectories 3
Flow Trajectories 4

Teraton = 31

-

welacity [rfs]

Cut Plot 2: contours

lteration = 311
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Temperature Plot
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Table. 1 Showing various design of heat exchanger and results
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Type of Flow

Output Velocity
(Vo) m/s

Parallel

1 Tube 1 Shell

S22

Counter

Output Velocity
[Uhn] m.lfs'

73

Exit Temperature

(Tha) K

340.4

Efficiency
(€)%

4.4

3 Tubes1 Shell A4 08 336.7 10.5
(Curved Pipe)

4 Tube1 Shell L0002 1.2 3344 14.4
4 Tube1 shell- L0002 9 332.3 18
Finned

13 Tube 1 Shell 3478 .19 329.6 22.3
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Discussion

Based on the values given and the criteria that needs to be met for the Heat Exchanger,
various designs and concepts were studied and incorporated with the use of calculations. The
Universal heat transfer coefficient was taken from a table of values for various fluids and was
found to be 350 W/m2K. The NTU method was preferred and and the desired effectiveness
yielded a NTU of .3 based on interpolation, this value was then used to calculate surface area of
the tube. The surface area was calculated to be .591m2 , the desired radius of the tube was
also calculated to be 123mm with a length of 1200mm.

1 tube 1 shell design used as testing and had a copper tube with Cast Iron Sheet Shell
The flow was parallel and this design incorporated a tube that was curved and had a length of
1000mm this design however yielded a efficiency of 4.4% with output velocities of the water and
olive oil at .52m/s and .79 m/s respectively. It should be noted these results were experimental
and diameters were too big, these resulted in slower exit velocities with very low efficiency. The
second design had a 3 tube (curved) made of copper and 1 shell made of Stainless steel and
yielded an efficiency 10.5% with velocities 0.34m/s and 0.08m/s for water and olive oil
respectively. This design was a lot better than first design as the contact area of water and tubes
were increased thus resulting in better cooling process. However the exit velocity of oil was a bit
lower, this can be attributed to the curve in tubes that affect the kinetic energy of fluid thus
affecting the velocity. The third design had 4 tube made of copper and a 1 shell made of Sheet
Cast Iron. This design yielded an efficiency of 14.4 % with velocities of .0002m/s and 1.2m/s for
water and oil respectively. The increase in length, reduction in diameter and increase in
frequency of the tubes resulted in increased contact with water, a longer time to cool down and
decreased cross sectional area, the outlet velocity of the oil was 1.2 m/s as a result of straight
tubes that did not damper energy of fluid. This design was edited and the concepts of Fins was
applied , the finned alternate yielded a efficiency of 18% with velocities of 0.0002m/s and .9m/s
for water and olive oil, the fin increased surface area and also acted as a sort of baffle which
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increased turbulence of the water which in turn aided heat transfer. A final design was
reproduced and it yielded a efficiency of 22.3% with velocities of .35 m/s and .19 m/s for water
and olive oil respectively. It can also be stated that graph of Exit Velocities vs Diameters it can
be seen based on simulation that as ratio of diameter of hot tube vs cold tubes increases so
does exit velocities.

Based on graph of number of Tubes vs Efficiency it can be seen that increasing the frequency of
tubes increases efficiency , this was a result of decreased diameters to allow for increased
number of tubes.

Conclusion

1 tube 1 shell design yielded an efficiency of 4.4% with output velocities of the water and olive
oil at .52m/s and .79 m/s respectively. The second design had a 3 tube (curved) made of
copper and 1 shell made of Stainless steel and yielded an efficiency 10.5% with velocities
0.34m/s and 0.08m/s for water and olive oil respectively. The third design had 4 tube made of
copper and a 1 shell made of Sheet Cast Iron. This design yielded an efficiency of 14.4 % with
velocities of .0002m/s and 1.2m/s for water and oil respectively. This design was edited and the
concepts of Fins was applied , the finned alternate yielded a efficiency of 18% with velocities of
0.0002m/s and .9m/s for water and olive oil. A final design was reproduced and it yielded a
efficiency of 22.3% with velocities of .35m/s and .19 m/s for water and olive oil respectively
Based on results obtained from simulations and results it can be deduced that various factors
can be manipulated to arrive at desired criteria for an heat exchanger. It can be stated that an
increase in the frequency of tubes, adding baffles and fins, reducing the diameter of tubes
increasing surface area and area of contact with cooling agent along with making water more
turbulent are various ways to increase the efficiency of an Heat exchanger and also ways of
making more effective to reach desired goals. It can also be said that increasing the mesh
density also helps to refine the results obtained. The final design had an efficiency of 22% with
mesh density at 5.
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