6

Heat Exchanger Efficiency

Flow Simulation can be used to study the fluid flow and heat transfer for awide variety of
engineering equipment. In this example we use Flow Simulation to determine the
efficiency of acounterflow heat exchanger and to observe the temperature and flow
patternsinside of it. With Flow Simulation the determination of heat exchanger efficiency
is straightforward and by investigating the flow and temperature patterns, the design
engineer can gain insight into the physical processes involved thus giving guidance for
improvements to the design.
A convenient measure of heat exchanger performanceisits“efficiency” in transferring a
given amount of heat from one fluid at higher temperature to another fluid at lower
temperature. The efficiency can be determined if the temperatures at all flow openings are
known. In Flow Simulation the temperatures at the fluid inlets are specified and the
temperatures at the outlets can be easily determined. Heat exchanger efficiency is defined
asfollows:

actual heat transfer

maximum possible heat transfer

The actual heat transfer can be calculated as either the energy lost by the hot fluid or the
energy gained by the cold fluid. The maximum possible heat transfer is attained if one of
the fluids was to undergo a temperature change equal to the maximum temperature
difference present in the exchanger, which is the difference in the inlet temperatures of the

hot and cold fluids, respectively: (Tjnlet—Tinlety . Thus, the efficiency of a counterflow

cold

inlet _ Toutlet
hot Thot

inlet inlet
Thot _Tcold

heat exchanger is defined asfollows: e= - if hot fluid capacity rateisless

Toutlet_ inlet
cold cold

inlet inlet
Thot _Tcold

cold fluid capacity rate, where the capacity rate is the product of the mass flow and the

than cold fluid capacity rate or €= - if hot fluid capacity rate is more than

specific heat capacity: C=MC (Ref.2)
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Chapter 6 Heat Exchanger Efficiency

The goal of the project is to calculate the efficiency of the counterflow heat exchanger.
Also, wewill determinethe average temperature of the heat exchanger central tube’swall.

The obtained wall temperature value can be further used for structura and fatigue
analysis.

Open the Model

Click File, Open. In the Open dialog box, browse to the Heat Exchanger.SL DASM
assembly located in the Tutorial 3 - Heat Exchanger folder and click Open (or double-

click the assembly). Alternatively, you can drag and drop the Heat Exchanger.SLDASM
file to an empty area of SolidWorks window.

Cold water = 0.02 kg/s
l Tintet = 293.2 K

Warm water

!

Air

A

>
P

Hot air = 10 m/s

Steel

Tinlet =600 K

Creating a Project

1 Click Flow Simulation, Project, Wizard.

2 Select Create new. Inthe Configuration
name box typeLevel 3.The'Level 3
name was chosen because this problem
will be calculated using Result
Resolution level 3.

Click Next.
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By default, Flow Smulation will consider

Flow Simulation 2011 Tutorial

[wizard - Unit System

In the Units dialog box select the desired
system of units for both input and output
(results). For this project we will use the
International System SI by default.

Click Next.

[ wizard - Analysis Type

In the Analysis Type dialog box among
Physical features select Heat conduction
in solids.

heat conduction not in solids, but only
within the fluid and between the walls and
the fluid (i.e., convection). Selecting the
Heat conduction in solids option enables
the combination of convection and
conduction heat transfer, known as
conjugate heat transfer. In this project we will analyze heat transfer between the fluids
through the model walls, as well asinside the solids.

Click Next.

Since two fluids (water and air) are used
in this project, expand the Liquids folder
and add Water and then expand the
Gases folder and add Air to the Project
Fluids list. Check that the Default fluid
type isLiquids.

[wizard - D efault Fluid

<Back | [ New> | Cacel |  Hep

Click Next.

Since we have selected the Heat conduction in solids option at the Analysis Type
step of the Wizard, the Default Solid dialog box appears. In this dialog you specify the
default solid material applied to all solid components. To assign a different material to
a particular assembly component you need to create a Solid Material condition for this
component.
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Chapter 6 Heat Exchanger Efficiency

If the solid material you wish to specify as D
the default is not available in the Solids v
table, you can click New and define a new
substance in the Engineering Database.
The tube and its cooler in this project are
made of stainless stedl.

Expand the Alloys folder and click Steel
Stainless 321 to makeit the default solid
material.

Defoult sol [Steel Sailess 321 —
C||Ck Nex'[_ <Bock | [ New» Carcel | Hep

If a component has been previously assigned a solid material by the SolidWorks'
Materials Editor, you can import this material into Flow Smulation and apply this
solid material to the component in the Flow Smulation project by using the Insert
Material from Model option accessible under Flow Simulation, Tools.

7 Inthewall Condition dialog box, select
Heat transfer coefficient as Default outer
wall thermal condition.

This condition allows you to define the
heat transfer fromthe outer model wallsto
an external fluid (not modeled) by
specifying the reference fluid temperature
and the heat transfer coefficient value.

Set the Heat transfer coefficient value to 5 W/mZ/K.
In this project we do not consider walls roughness.
Click Next.

8 Inthelnitial Conditions dialog box under
Thermodynamics parameters enter
2 at min the Vvalue céll for the Pressure
parameter. Flow Simulation automatically
converts the entered value to the selected
system of units.

Click Next accepting the default values of
other parameters for initial conditions.
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9 IntheResults and Geometry Resolution — TR
dialog box we accept the default result
resolution level 3 and the default minimum
gap size and minimum wall thickness.

fvanced narow charel efinement [ Optinizs thin wals resolution

CIICk FInISh <geck | B Coeel | b |

After finishing the wizard you will complete the project definition by using the Flow
Simulation Analysis tree. First of al you can take advantage of the symmetry of the heat
exchanger to reduce the CPU time and memory required for the calculation. Since this
model is symmetric, it ispossibleto “cut” the model in half and use a symmetry boundary
condition at the plane of symmetry. This procedure is not required, but is recommended
for efficient analyses.

Symmetry Condition

1 IntheFlow Simulation Anaysistree, expand the Input Data item.
2 Right-click the Computational Domain icon and select Edit Definition.

3 Under Size and Conditions select the Symmetry i#] |size and Conditions &
condition at the X max boundary and type O in the X 8 -
0 |
max &, edit-box x [0m = =
&

oiznzdm . = [m -
To resize the domain manually, select the X I =l I =l

Computational Domain itemin the Flow Smulation

analysistree, and in the graphics area click and drag =, 02402533 m =@ -]

the arrow handles at thg sides of t.he computati.onal (7, |-D.12D3599 — =] B

domain frame to the desired positions, then adjust the

exact coordinatesin the appearing callouts..

@, [L3zIm :II ]
&, [03122Tm j| =]
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Chapter 6 Heat Exchanger Efficiency

4 ClickOK %

Specifying a Fluid Subdomain

6-6

Since we have selected Liquids asthe Default fluid type and Water as the Default fluid in
the Wizard, we need to specify another fluid type and select another fluid (air) for the fluid
region inside the tube through which the hot air flows. We can do this by creating a Fluid
Subdomain. When defining a Fluid Subdomain parameters we will specify Gas asthe
fluid type for the selected region, Air as the fluid and the initial temperature of 600 K and
flow velocity of 10 m/sasthe initial conditionsin the selected fluid region.

1 Click Flow Simulation, Insert, Fluid Subdomain.

2 Select the Flange 1 inner face (in contact with the fluid).
Immediately the fluid subdomain you are going to create is
displayed in the graphics area as a body of blue color.

To specify the fluid subdomain within a fluid region we must
specify this condition on the one of the faces lying on the
region’s boundary - i.e. on the boundary between solid and
fluid substances. The fluid subdomain specified on the
region’s boundary will be applied to the entire fluid region.
You may check if the region to apply a fluid subdomain is
selected properly by looking at the fluid subdomain
visualization in the graphics area.

*

3 Accept the default Coordinate System L5 and the Selection
Reference axis. Nl Fcc < -aFlange -1

.éix IGIDbaI Coordinate System

Reference axis: Ix vI



4 IntheFluid type list select Gases / Real Gases /
Steam. Because Air was defined in the Wizard as one
of the Project fluids and you have selected the
appropriate fluid type, it appears as the fluid assigned to
the fluid subdomain.

In the Fluids group box, Flow Smulation allows you to
specify the fluid type and/or fluids to be assigned for the
fluid subdomain as well as flow characteristics,
depending on the selected fluid type.

5 Under Flow Parameters in the Velocity in Z Direction

Vz box enter -10.

Flow Smulation allows you to specify initial flow
parameters, initial thermodynamic parameters, and
initial turbulence parameters (after a face to apply the
Fluid Subdomain is selected). These settings are applied
to the specified fluid subdomain.

6 Under Thermodynamic parameters in the Static

Pressure P box enter 1 at m Flow Simulation
automatically converts the entered value to the selected
system of units.

7 Under Thermodynamic parameters in the Temperature

T pox enter 600.

These initial conditions are not necessary and the
parameters of the hot air inlet flow are defined by the
boundary condition, but we specify them to improve
calculation convergence.

8 Clickok % . Thenew Fluid Subdomain 1 item
appearsin the Analysistree.

Flow Simulation 2011 Tutorial

ko

Fluids

Fluid type:

IGases | Real Gases | Steam j

Air [ @ases )

#Add Fluid. ..

b3

Flow Parameters

@&
N T —
O r—
Vaglore

Welocity in £ Direction

b3

Thermodynamic
Parameters

B Pe)(r)

P |1 atm
h K

BB BB

=) @)

b3

Thermodynamic

Parameters
P P-p e
]
P [101325Pa =

l} IEEIIZIK %

Temperature
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Chapter 6 Heat Exchanger Efficiency

9 To easily identify the specified condition you can
give amore descriptive name for the Fluid
Subdomain 1 item. Right-click the Fluid
Subdomain 1 item and select Properties. In the
Name box type Hot Ai r and click OK.

You can also click-pause-click an item to rename it
directly in the Flow Smulation Analysis tree.

Specifying Boundary Conditions

Feature Properties

Mame:

E‘@ Input Data
[ @ Computational Domain
Fluid Subdomains

Edit Definitiat...
Suppress
Delete...

W 5olid Materisls
Eﬁ Boundary Cond
: ,"ﬁ Goals -
% Results i

Copy to Pruie! !

[7]%]

[Hat &if

6-8

1 Right-click the Boundary Conditions icon in the Flow Simulation Anaysis tree and
select Insert Boundary Condition. The Boundary Condition dialog box appears.

2 Select the water Inlet Lid
inner face (in contact with
the fluid).

The selected face appears
in the Faces to Apply the

Boundary Condition @
list.

3 Accept the default Inlet
Mass Flow condition and
the default Coordinate

W
System -;z"x and
Reference axis.

If you specify a new

Selection

@ [Face<z>@water Inlet Lid-2

7

R

_be |Face Coordinate System

Reference axis: Ix 'I

Type

B

R

Duklek Yolume Flow
Cutlet welocity

Inlet Mass Flow

0.0001 ka's

N7

\L________,__V

boundary condition, a callout showing the name of the condition and the default values

of the condition parameters appears in the graphics area. You can double-click the

callout to open the quick-edit dialog.

4 Click the Mass Flow Rate Normal to Face M box and
setitsvalueequal t0 0. 01 kg/ s. Since the symmetry

plane halves the opening, we need to specify a half of the

actual mass flow rate.

5 Click ok % . Thenew Inlet Mass Flow 1 item appears

inthe Analysistree.

Flow Parameters

&) (=)&)

b3

nh%plm kats :L Fo

e
%5{ Maszs Flow Rate Mormal to Faceh

™ Fully developed Flow



This boundary condition specifies that water enters the steel jacket of the heat exchanger

at amass flow rate of 0.02 kg/s and temperature of 293.2 K.

6 Renamethelnlet MassFlow 1itemtol nl et E|Eﬁ Boundam Condition:

Mass Flow - Cold Water.

Goals Edit D efinition...

. I’.‘E
% Fesults Suppress
ﬁ Mesh Delete...
' &p Cut Plats Hide

O D-Profie Plol ﬁ
.@ Suface Plot:| Copy to Projest;

Feature Properties [ 7]

Mame: Ilnlet Mass Flow - Cold W ater

Next, specify the water outlet Environment Pressur e condition.

7 Inthe Flow Simulation Analysistree, right-click
the Boundary Conditions icon and select Insert
Boundary Condition.

8 Select the Water Outlet Lid inner face (in contact
with the fluid). The selected face appearsin the

Faces to Apply the Boundary Condition @ list.

9 Click Pressure Openings |@| and in the Type of
Boundary Condition list select the Environment
Pressure item.

4=
10 Accept the value of Environment Pressure F“£+I=' (202650
Pa), taken from the value specified at the Initial
Conditions step of the Wizard, and the default values of

Temperature T (293.2 K) and all other parameters.

Flow Simulation 2011 Tutorial

Select Other
[ Face@[External Pipe <1

[ Face@[Wwater Cutlet Lid
%Water Outlet Lid<2 =
W Fa Qutlet Lid

Type ]

Ftezsure Openings

Environrent Fressure
Skatic Pressure
Tokal Pressure

b3

Thermodynamic
Parameters

R |2IZI255IZI Pa =) 1,
T |2E|3.2K :L Fe
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6-10

11 Click OK % . The new Environment Pressure 1 item appears in the Flow
Simulation Analysistree.

12 Rename the Environment Pressure 1 itemto E-Ff Boundary Conditions

Envi ronment Pressure — W\arm Water. R Inlet Mass Flov - Cold ' ater
'E'ﬂ Emviratiment Pressure - W arm WwWater

e Goals

Next we will specify the boundary conditions for the hot air flow.

13 In the Flow Simulation Andysis tree, right-click the Boundary Conditions icon and
select Insert Boundary Condition.

14 Select the Air Inlet Lid inner face (in contact with
the fluid).

The selected face appearsin the Faces to Apply the

Boundary Condition @ list. Accept the default

w
Coordinate System -;z"x and Reference axis.
Select Other

15 Under Type select the Inlet Velocity condition. [ Face@{Flangs1 <1
n Face@[Air Inlet Lid

b3

Flow Parameters

16 Click the Velocity Normal to Face V' box and set ——
its value equal to 10 (type the value, the units will appear [Ell‘ﬁjll&l

automatically). v [1omrs )
Sy

17 Expand the Th ermodynam ic Parameters item. Thg Thesmodynanic =
default temperature valueis equal to thevalue specified as | Parameters

the initial temperature of air in the Fluid Subdomain ~p |—1u1325 Fa ]

dialog box. We accept this value. T W;C;

18 Click OK % . The new Inlet Velocity 1 item appearsin
the Analysistree.

This boundary condition specifiesthat air enters the tube at the velocity of 10 m/s and
temperature of 600 K.

19 Renamethe Inlet Velocity litemtolnl et Vel ocity — Hot Air.



Next specify the air outlet Environment Pressur e condition.

20 In the Flow Simulation Analysistree, right-click the Boundary Conditions icon and
select Insert Boundary Condition. The Boundary Condition dialog box appears.

21 Select the Air Outlet Lid inner face (in contact with the
fluid).

The selected face appearsin the Faces to Apply the

Boundary Condition @ list.

.

Select Other E R
[ Face@[Flangsz<1>] |

ir Cutlet Lid 4
@ Air Dutlet Lid<1>
n Face@[Air Outlet Lid

. . 6 . Type 4l
22 Click Pressure Openings |@| and in the Type of = -
Boundary Condition list select the Environment |E”'- ||
;
Pressure item. Ervviranrment Fr&ssurs

Skatic Pressure
Tokal Pressure

+=
23 Check the values of Environment Pressure Rf-*P (101325 | Thermodynamic Parametersz
i Ric =l
Pa) and Temperature ¥ (600 K). If they are different, | =P |1D1325 Pa =l

correct them. Accept the default values of other T |suu K. j
parameters.
Click ok % .

24 Rename the new item Environment Pressurel 5 Boundary Conditions
to Envi ronment Pressure — Air. . B Inlet Mass Flow - Cald Water
'Eﬁ Erreironment Presaure - \Warm W ater
E‘ﬂ Inlet Yelocity - Hat Air
'E‘ﬁ Errviranment Pressure - Air
I"-'a Goals

This project involving analysis of heat conduction in solids. Therefore, you must specify
the solid materia s for the model’s components and the initial solid temperature.
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Specifying Solid Materials

Noticethat the auxiliary lids on the openings are solid. Since the material for the lidsisthe
default stainless steel, they will have an influence on the heat transfer. You cannot
suppress or disable them in the Component Control dialog box, because boundary
conditions must be specified on solid surfaces in contact with the fluid region. However,
you can exclude the lids from the heat conduction analysis by specifying the lids as

insulators.
1 Right-click the Solid Materials -
. ) Selection ] 1. Origin
icon and select Insert Solid : : d
Material % Air Inlet Lid-1@Heat Exchs []—% [ Tubes1:
1al. Air Dutlet Lid-1i@Heat Exch -
Waker Inlst Lid-2@Haat Ex =% Euemal Pipect> >
2 Intheflyout FeatureManager Water Outlet Lid-2@Heat § 5B Flanget<t> »
design tree, sdlect all the lid F-® Flange2<t> >
. -y
components. Asyou select the lids, = = @
. . 5 I
their names appear in the = : IS
Components to Apply the Solid = '?‘Efeft'glid LY
5 Glasses and Minerals Al MateGroupt

Material B‘% list.
3 IntheSolid group box expand the

. . . [+ Non-izotropic
list of Pre-Defined materials and - Polyrers
select the Insulator solid in the - Semicanductors
Glasses & Minerals folder. - Alloys
4
4 Clickok %  Now dl auiliary ™ = |

lids are defined asinsulators.

The thermal conductivity of the Insulator substance is zero. Hence thereis no heat
transferred through an insulator.

5 Renamethelnsulator Solid Material 1itemtol nsul at or s.
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Specifying a Volume Goal

1 Inthe Flow Simulation Analysistree, right-click the Goals icon and select Insert
Volume Goals.

2 Inthe Flyout FeatureManager

. Selection A 1, Origin
Design tree select the Tube part. S
[]—@ Esternal Pipe<1s -»
3 IntheParameter table select the Av 5% Flangel <1 >
check box in the Temperature of Parameter A E];% nen
Solid row. Accept the selected Use Parameter [t [ae M [Bulk A Lse ] || -G ai Dutet Lt >
. Static Pressure (1 01 01 |0 - water Inket Lide2> >
for Conv. check box to use this goal TetalPressurs 0 |00 |0) BBy yaor Ol L2557
D P o oo g
for convergence control. Tt ot S T 1T 10 B Matefiroupt
Density Ood |d
4 Inthe Name template type Msss in Volume 5]
Yelocity O oo o
VG Av T Of Tube. % - Componentof ve (1 1 O[]
¥-Componentof ve (1 [ O [
w Z-Comporentof ¥e (1 1 O[]
i Turbulent Viscosity 1 1 O[]
S CI ICk OK . Turbulent Time O oo |a 1
Turbulent Length [ [ O [ 4
Turbulent Intensity (] [ [ [
Turbulent Energy O 1 O[]
Turbulent Dissipstion (][] [0 [
Temperature of Salid (] |
Melting Temperature (1 [ [
Mass Fraction of &r 1 [ [0 ]
Mass Fraction of wal (] [ [ ]
walume Fractionof & (][] 1 []
Wolume Fractionof W (1 [ [ []

»

Mame Template

|va fw T of Tube

@)

Running the Calculation

1 Click Flow Simulation, Solve, Run. The Run dialog box appears.
2 Click Run.

After the calculation finishes you can obtain the temperature of interest by creating the
corresponding Goal Plot.
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Viewing the Goals

6-14

In addition to using the Flow Simulation Analysistree you can use Flow Simulation
Toolbars and SolidWorks CommandManager to get fast and easy access to the most
frequently used Flow Simulation features. Toolbars and Solidworks CommandM anager
are very convenient for displaying results.

Click View, Toolbars, Flow Simulation

F st g = | L3
Results. The Flow Simulation Results i m o |lvhkavaB e

toolbar appears.

Click View, Toolbars, Flow Simulation Results [ —
i iy . : £ 3
Features. The Flow Simulation Results ] ROOHE G WP 7

Features toolbar appears.

Click View, Toolbars, Flow Simulation Display. The

Flow Simulation Display toolbar appears. a g %ﬁ E

The SolidWorks CommandManager is a dynamically-updated, context-sensitive toolbar,
which allows you to save space for the graphics area and access all toolbar buttons from
one |location. The tabs below the CommandManager is used to select a specific group of
commands and features to make their toolbar buttons available in the CommandM anager.
To get access to the Flow Simulation commands and features, click the Flow Simulation
tab of the CommandM anager.

S Wizard %h [ fﬁ' & B o5 O » ?@ & 33 ‘lﬁ
D Dew [E SGetTraI [:I: SimFuIDaJ;J'... @ g LoaRdENTtI;)ad & é Sinﬁjg... 1] SimFuIDaJ;J'...
Clone Project @ L m‘ - = Ea - :'\.:, - @ % .

| Assembly | Layout | Sketch | Evaluate | Office Products | Flow Simulation |

If you wish, you may hide the Flow Simulation toolbars to save the space for the graphics
area, since all necessary commands are available in the CommandManager. To hide a
toolbar, click its name again in the View, Toolbars menu.

1 Click Generate goal plot i# onthe Results Main toolbar or CommandManager. The
Goal Plot dialog box appears.

2 Select the goals of the project (actually, in our Goals
case there is only one goal) . B [WIVG Av T of Tube

»»

3 Click OK 4 . The Goalsl Excel workbook is
created.

FI.., IIterations j




You can view the average temperature of the tube on the Summary sheet.
heat exchanger.SLDASM [level 3]

[Goal Name [unit [value [Averaged Value [Minimum Value [Maximum Value[Progress [%] [Use In Convergence |
[VG Av T of Tube K1 | 343.2771368] 342.7244032] 341.792912| 343.2771368| 100[Yes

Iterations: 40
Analysis interval: 20

Creating a Cut Plot

1 Click Cut Plot & ontheFlow Simulation Results Features toolbar. The Cut Plot
dialog box appears.

2 Intheflyout FeatureManager design tree

o Planes Selection R
ect Plane3. —_—
R SN
3 Inthe Cut Plot dialog, in addition to R
.— LII_JJ Plane3
displaying Contours |_"| select Vectors
= B |Om |
i) =
Display ]
ril Contours
|@| Isolines
@| Vectors
|@| Mesh
4 Under Contours specify the parameter which Contours A
valuesto show at the contour plot. Inthe Parameter | B [renperatre =1 (€7
" =
= box, select Temperature. B 2= 31
5 Usi ng the slider set the Number of Levels to (2] 30 profie
maximum. —
6 Under Vectors click the Adjust Minimum and — =
Y 1 A N - 1
Maximum!£4) and change the Maximum E 5 Ivelocty ka3
i ¢ [0:004 m (=
velocity to 0. 004 1 s. E | S =&
£, ID e :II
7 Click ok % . Thecut plot is created but the o @@ 124
model overlapsit.Click the Right view on the Standard Views

toolbar.
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8 Click Geometry |8 on the Flow Simulation Display toolbar to hide the model.

600.0
576.4
552.8
529.2
505.6
482.0
4584
434.8
411.2
3876
364.0
340.4
3168
293.2

Temperature [K]

Cut Plot 1: contours

Let usnow display the flow development inside the exchanger.

Flow Simulation allows you to display resultsin al four possible panes of the SolidWorks
graphics area. Moreover, for each pane you can specify different View Settings.

9 Click window, Viewport, Two View - Horizontal.
10 To restore the view orientation in the top pane, click Right view on the

Standard Views toolbar. & & h@i

11 Click the bottom pane and select the Isometric view on the Standard
P o)

Views toolbar. J&q_

The gray contour around the pane border
indicates that the view isactive.

Y

Q

12 OntheFlow Simulation Display toolbar,
click Geometry |8, then on the View
toolbar click Hidden Lines

Visible | to show the face outlines. g CAP T

Click the top pane and set the same i 1AW
display mode for it by clicking Hidden

Lines Visible |7 again.

To see how the water flows inside the
exchanger we will display the Flow
Trajectories.

b

A

*lsemetric

Click the bottom pane to make it the active pane.
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Displaying Flow Trajectories

1 Click Flow Trajectories £ ontheFlow Simulation MlEdl b

. . =2 @ Input D ata
Results Features toolbar. The Flow Trajectories 7 . @ Bmpfettre] Demeto
d|a|0g appears_ : Fluid Subdamaing
; Hot Air
2 Click the Flow Simulation Analysistreetab and select E @ Solid Materials

thelnlet MassFlow — Cold Water item. ' Insulators
E| Eﬁ Boundary Conditions

{5 fll Inlet M ass Flow - Cold Water
Eﬁ Environment Pressure - YW arm
E‘,ﬁ Inlet Welocity - Hot Air

: P Environment Pressure - Air
el

4 | B
BT (3]

<& How Trajectories |
« ¥ 4=

This selects the inner face of the Water Inlet Lid to
place the trajectories start points on it.

Starting Points
B () ()

LL& Face <1 =@wWater Inlet Lid-2

b

[T 1nplane
B =
|¥E||D.D2m :II
. |g| Appearance A
3 Under Appearance, inthe Color by Parameter l=*= : F
list, select Velocity. o e
. ) o ) X [0 m =
4 Click the Adjust Minimum/Maximum and Number =l
|a| , ) (:| I'v'elouty J @|
of Levels | and set Maximum £ velocity to Sl T a—
mds |,4 |
0.004 m's. el
E 0 miz :II
5 ClickOK % _ Trajectories are created and Ex 55 =
displayed. ! ]
2.1 i
o &
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By default the trajectories are colored in accordance
with the distribution of the parameter specified in the

By | . . 40603

Color by Parameter 22 list. Since you specified ien:
velocity, the trajectory color correspondsto the S ee0s
velocity vaue. To define a fixed color for flow 22003
1.8e-03

. . . By . 1.58-03
trajectories click Color 2] and select adesired sae0e

6.2e-04

color. 2rend
o

Welocity [mis]

Notice that in the top pane the temperature Flow Trajectares 1
contours are still displayed.

Since we are more interested in the temperature distribution let us color the tragjectories
with the values of temperature.

1 Inthevelocity palette bar click the caption with the name of ' 4.08-03

the current visualization parameter and select Temperature 3ol

in adropdown list. | 316-03
| 2.8e-03
2 Click [, | mmediately the trajectories are updated. I iiiﬁi
| 1.8e-03
L 1.5e-03
L 1.2e-03
L 92e-04

f.2e-04
[ 31e-04
1]
Welocity '"?' xl El

Pressure

600.0
576.4
652.8
5282
604.6
4g2.0
458.4
4348
a11.2
3876
364.0
3404
368
2832

| I T

Yelocity
# - Companent of Yelocity
" - Companent of Yelocity
Z - Companent of Yelocity
\ Fluid Temperature

Flow Trajectories 1 Sy tach Mumber

Densit

Temperature [K]

The water temperature range isless than the default overall (Global) range (293 — 600), so
all of the trgjectories are the same blue color. To get more information about the
temperature distribution in water you can manually specify the range of interest.

Let usdisplay temperatures in the range of inlet-outlet water temperature.

The water minimum temperature value is close to 293 K. Let us obtain the values of air
and water temperatures at outlets using Surface Parameters. You will need these values to
calculate the heat exchanger efficiency and determine the appropriate temperature range
for flow trajectories visualization.

Sur face Par ameter sallows you to display parameter values (minimum, maxi mum,
average and integral) calculated over the specified surface. All parameters are divided
into two categories: Local and Integral. For local parameters (pressure, temperature,
vel ocity etc.) the maximum, minimum and aver age values are eval uated.
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Computation of Surface Parameters

1 Click Surface Parameters & onthe BE R =

Flow Simulation Results Features B Level
[L]@ Input Data

toolbar. The Surface Parameters dialog T
pUtalona amain
appears. El [gy Fluid Subdamains
2 Click the Flow Simulation Analysis tree i [y Hot i
tab and select the Environment Pressure - =3 @ Solid Materials
Warm Water item to select the inner face P @ Insulators

E| Eﬂ Boundary Conditions

P Eﬁ Inlet Mass Flow - Cold W ater

m Erwironment Preszure - Warm W ater
Eﬁ Inlet Welocity - Hat A

------- Eﬁ Environment Pressure - &ir

of the Water Outlet Lid.

_lﬁllt‘?a

= |

3 Select Consider entire model to take into

account the Symmetry condition to see the v X

values of parametersasif the entiremodel, | selection A
not a half of it, was calculated. Thisis @ [Faco<t >@water Outiet Lid-2
especially convenient for such parameters
as mass and volume flow.
W Consider entire model
4 Under Parameters, select All.
Parameters -
5 Click Show. The calculated parameters 2l =
values are displayed on the pane at the WIFressure
bottom of the screen. Local parameters are ”B'Ddt‘f -
. . | — i
displayed at the left side of the bottom pane, >< LIS 6 Holoeley
=Y . ¥ — Component of Velocity
while integral parameters are displayed at B2 — Companent of Velocity
the right side. [w|Fluid Temperature
[ 5alid Temperature
[WIrMelting Temperature Exceead
[WrMach Murmber hd|
}zftx | Global Coardinate System
6 Takealook at thelocal parameters.  ispareter [Miimom [Maxioum  |Averags |Bulk Average
Pressure [Pa] 202650 202650 202650 202650
Density [kafm~3] 990,994 997,357 995,695 995,534
Welocity [mfs] 0.000273491 0.00374312 0.00246493 0.00300314

# — Component of Yelocity [mfs]  -0.000169079 | 0.000170163  -2.53344e-005  -4.91866e-005
¥ = Component of Yelocity [mfs] 0000231458 | 0.00374815 0.00245914 0.00300585
2 - Component of Yelocity [mfs]  -0.000177123 | 0.00014593 1.36949e-005  4.30211e-005

Mach Nurnber [ ] i i i i
SurFace Heat Flux [Wm~2] -0 -0 0

Fluid Temperature [K] 294,008 314,304 300,357
Solid Temperature [K] 296,155 305,591 300.171 300,765
Melting Temperature Excesd [K]  -1386.99 -1377.56 -1353.09 -1382.39
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You can see that the average water temperature at the outlet is about 300 K.

Now let us determine the temperature of air at the outlet.

7 Click the Environment Pressure- Air item B level 3
to select the inner face of the Air Outlet

Lid.

= @ Input Data

@ Computational Domain
= Fluid 5 ubdomairs
Fluid S ubdorain 1

8 At the bottom pane, click Refresh *# .

9 Look at thelocal parameters at the
left side of the bottom pane.

You can see that the average air
temperature at the outlet is about 585 K.

10 The values of integral parameters are
displayed at the right side of the
bottom pane. You can see that the
mass flow rate of air is 0.046 kg/s.
Thisvalueis calculated with the

=T Solid Material:
% Imsuilators
—-Ff| Boundary Conditions

Eﬁ Inlet Mass Flow - Cold "Water

Eﬁ Environment Preszure - Warm Water
Eﬁ Inlet Welociy - Hot A

= B
— |$= Goals
o I

=B Resuls
Local Parameter Minimurn
Pressure [Pa] 101325
Density [kafm~3] 0.56522%
welocity [mjs] §.33569
% — Component of Velacity [mfs] | -0.170256
¥ — Component of Velocity [mfs] | -0.164565
Z - Companent of Velocity [mfs]  -10.1412
Mach Mumber [ ] 0.0181421
Surface Heat Flux [Wm~z] 0
Fluid Temperature [K] 578,939
Solid Temperature [K] 357.211
Melting Temperature Exceed (K] -1325.94
Integral Parameter Walue
Heat Transfer Rate [w] i
Mass Flow Rate [kafs]
Walume Flow Rate [m™3s] -0,076427
Suwrfacs Area [m"2] 00106466
Total Enthalpy Rate [wW] -27508.6
Uriformity Indes [ ] 1,95363
CAD Fluid Area [m~2] 0.00787803

ironment

WiE Ay T of Tube

Mazximum
101325
0.667233
10,1413
0.164865
0.169146
-G.33412
0.0208413
-0
599,951
361,034
-1322.12

%-component

-0.000216526

Awerage Bulk Average
101325 101325
0604367 0602515
972103 97892
00389458 | -0.0381724
000122779 0.00110737
-9.7206 -9,76851
00202105 0.0202842

0

565,315
359,134 359,125
-1324.02 -1324.02

V-component | Z-compenent

-9.24096e-006  0.0100263

Consider entire model option selected, i.e. taking into account the Symmetry

condition.

11 Click ok % to close the dialog box.



Calculating the Heat Exchanger Efficiency

The heat exchanger efficiency can be easily calculated, but first we must determine the

fluid with the minimum capacity rate (C=nc ). In this example the water mass flow rate
is0.02 kg/s and the air mass flow rate is 0.046 kg/s. The specific heat of water at the
temperature of 300 K isabout five times greater than that of air at the temperature of

585 K. Thus, the air capacity rate isless than the water capacity rate. Therefore,
according to Ref.2, the heat exchanger efficiency is calculated as follows:

_ Thle Ty
Thoet —Tag
where Tinlet isthe temperature of the air at theinlet, Toull®t isthe temperature of the

air at theoutlet and TN isthe temperature of the water at the inlet.

We already know the air temperature at the inlet (600 K) and the water temperature at the
inlet (293.2 K), so using the obtained values of water and air temperatures at outlets, we
can calculate the heat exchanger efficiency:

_ T -Tey'™ _ 600584

= - = = 0.052
Tinlet _Tinet 600 —293.2
Specifying the Parameter Display Range

1 Inthetemperature pal ette bar c!ick the maximum b B0000 PIOE AR

value and type 300 K in an edit box a78.40

5280.20

2 Click %] Immediately the trgjectories are updated. P

#2480

411.20

387 .60
364.00
340.40
3680
29320

Temperature [K]

Flow Trajectaries 1
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Temperature [K] [283.2; 600]

300
' 299.32
L 20864
- 20796
. 207.28
206 6
| 29592
L 20524
204 56
29388

2932
Temperature [K]

Temperature [K]

Wector Plot Velocity [mis]

Asyou can see, Flow Simulation is a powerful tool for heat-exchanger design
calculations.

Ref. 2 J.P. Holman. “Heat Transfer” Eighth edition.
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