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Abstract - When it comes to educating and training
engineers, the main focus should be on developinbetir
abilities in modeling and analyzing the phenomenaof
the physical problems. Unfortunately, so far most
teaching approaches still emphasize on deriving
equations in the classroom. Students’ learning
motivation and curiosity could be seriously defeat due
to the sophisticate and hard deriving progress inmler to
obtain the solution. In view of this, the present tsidy
aims at the development of a web-based learning s$gm
in thermal-hydraulics. This system integrates the rature
CFD technology to replace the traditional means of
derivative of equations. The main structure of this
system includes the graphic post-processor, learmn
materials database, CFD workstation, etc. The
demonstration shows that the engineering studentsod
not have to implement the tedious derivative of the
complicated equations but solidly understand and
efficiently acquire knowledge the course of fluid
dynamics and heat transfer through the discussion fo
physical phenomena by varying parameters by usinchts
web-based learning system.
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INTRODUCTION

Fluid dynamics and heat transfer, which are usuaitgned
as thermal-hydraulics, are the target courses tdigmissed
in the present study. In seeking the solution tidwa field or

temperature distribution for a specific thermaltaudic

problem, students can approach the problem in tagsw
(1) by deriving mathematical equations from theyvieasic
control volume or (2) by simplifying the governimartial

differential equation set. The initial and boundaoyditions
should also be appropriately specified.
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In order to solve these equations, the barriers shadents
often encounter are: how to adequately linearize th
nonlinear terms and how to efficiently solve thelgem
using the techniques they learned from engineering
mathematics. More than often, an analytic solutiannot be
obtained and the situation is even worsened by more
complicated boundary and initial conditions. Praty, the
goal of engineering training should be focused be t
comprehension of the understanding and analyggysical
phenomena and encouraging the creativity in thélpro
modeling rather than on mathematical processes.

Above reasons usually cause that many students llitiee
interest in learning relational engineering coursés
mentioned in [1, 2], once the phenomena of the Iprob
can be expressed clearly, colorfully and interegyinvia
graphic visualization, learners’ curiosity and mation in
learning and analyzing physical phenomena will beatly
raised. The graphic of the simulation result canriagle by
post-processor of commercial CFD software. However,
seems like the existing CFD software are all stalode
version, which limited users to execute learninguser’s
personal computer. Since user’'s hardware cannoayalw
conform to the requirement of the updated technglagds a
good choice to construct an online e-learning syst& very
important advantage of the web-based learning syste
that users can connect to the system anytime ayaheame.
Users would also be able to conveniently enjoy the
information sharing, interactive user interface andn [3].

We herein try to develop a web-based thermal-hysae-
learning system. This proposed system consisteuf Key
components: Interactive user interface (IUl), wetd dile
servers, CFD workstation and controller (CFDW), and
teaching materials database. The post-processgs [Ea
important role in IUl, because the post-processandfers
the computational results into the graphic predamta It
offers graphic presentation for users to observgsiphl
phenomena.

BACKGROUND

In recent years, a great deal of effort has focusedhe
integration of new technologies such as multimeddeo
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[4], audio, animation, and computers, with assedat teaching martial issues, which case had created by
software, to achieve the improvement of traditional CFD2000, such as phase change and thermal radiatibn
education. The internet technologies have been alsmot be considered. These representative problechidhéan
popularly applied to web-based learning. Ngo et [&]. already established in the system and used this CFD
developed an On-line heat transfer and fluid meidsan software to simulate and store the results in thmlwhse.

virtual laboratory utilizing graphic, text, and riagledia.
This study focused on teaching experiment
experience rather than discussion of experimenvesur
theory.

In improvement of engineer education, some authmses
CFD (Computational Fluid Dynamics) program to rine t
case and observe the physical phenomena on sitagie-p
software rather than via internet. Frederick ef@l7] used
the commercial software, FlowLab, to create a CFD
education interface for engineering course andrkbades,
had been proven that is an effective and effidieak to help
students learning. Li et al. [8] used the web-ktasdevelop
an on-line mass transfer course system. Althoughtdpic
with the associate approach is different from othsy also
indicated that learning via internet will be thertd in the
future.

The concept of thermal-hydraulics e-learning systeas
initiated by Hung et al. [9, 10]. They merged erigt
computational fluid dynamics capability into thdearning
concept to improve traditional engineer educatiorfluid
flow and heat transfer. In the paper, they refet@dhat
HTML (Hyper text markup language) and ASP (Active
server pages). In which it provides an interactivger
interface as the core of the system and systemtstaihas
been preliminarily planned. The prototype of a post
processor program was also established. But tHeyabf
post-processor in drawing for flow field, streamel$, and
isothermal contours has to be further enhanced.

Liu et al. [11] quoted the concept of Hung et a. t
implement and strengthen the architecture of thesnal-
hydraulics e-learning system. In order to estabdistross-
platform for e-learning, they used an HTML embedded
scripting language, PHP (Hypertext Preprocessond a
integrated with MySQL database management system t
manage all teaching materials. Therefore the ctigtage of
effort has primarily focused on the implementatwithe
system setup.

SYSTEM ARCHITECTURE AND |MPLEMENT

In the current study, we have selected the repteten
physical problems from the text book of undergraeldkuid
flow [12] and heat transfer [13]. The default stepthis
system is to define the common initial conditiondan
boundary condition for the selected physical protde
These representative problems include no-slip fion a
plate, channel flows, fully developed flow, heahdaction,
forced and free convections, and so on.

The commercial CFD software, CFD2000 and Fluenteha
been integrated to be the CFD solver workstatiomrter to
satisfy the corresponding limits with CFD2000 so\some
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Users can then alter the physical conditions frame t

relatedrepresentative problems in the text boxes of webepa

After simulation is finished, the result of simudat will
then be stored in the database and displayed otedlohing
web page. It is convenient for learners to use eHisarning
system anywhere and anytime.

The abundant teaching materials about thermal-lyidsa
are shown in the web pages. Learners just readirseu out
some topic they are interested in through web beowsch
as IE or Firefox. At the same time, the interactivger
interfaces allow they to enter or change physicalditions
and parameters as they wish. System will then chedee
whether the condition exists in the teaching materi
database. If it does, the result will be displayeaveb-base
post-processor. Otherwise, system will store th@dees of
physical conditions in the teaching materials dasab and
wait for implementing the calculation. When the
computation for the case with the values input bg t
learners is completed, the result will be showPost-Page
for the learners. The calculation results can héeve by
users no matter either where or when. The flowcloért
system is shown as Fig. 1.

The system consists of four key components: Intemc
user interface (IUl), web and file servers, CFD kabation
and controller (CFDW), and teaching materials dasabas
shown in Fig. 2. These components will be discussed
detail in the following sections.

Problem introduction
Show problem geometry
Input boundary conditions

.

| Program start

A 4

Receive

Modify boundary conditions boundary conditions

Call CED execution
Store result into database

Search for the same
record in database

A 4

Web-based post-process
display colorful picture

A 4
Program terminates

Retrieve data from database

FIGURE 1
THERMAL-HYDRAULICS E-LEARNING SYSTEM FLOWCHART
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FIGURE 2
THERMAL-HYDRAULICS E-LEARNING SYSTEM ARCHITECTURE

CFD WORKSTATION AND CONTROLLER

CFD workstation is built to calculate the user-stdd

problem in this system. The commercial CFD package
CFD2000 is currently employed to be the core of the

CFDW. Several studies have shown that this commlerci
code is efficient and accurate in academic reseandhother
applications[14-18]. We're confident that CFD2000 will be
able to provide the underlying calculation for purpose.

In addition to the CFDW, CFD Workstation Controller
(CFDWC) also plays an important role. The majorction

of CFDWC is to create the connection between CDFW a
Database. In order to provide an interface betwsgabase
and CFDW, the Application Program Interface (ARd)a
necessary component. My-SQL supports several daske
APIs for Microsoft Visual Basic programs.

The most striking characteristic of CFDWC is thgstem
administrators can start the CFDW, connect to de@pand

According to this CFDW-CFDWC architecture, the CFD
solver is allowed to be change. In order to overedimits

of each different CFD solver, CFDWC is easy to Mot
support different type CFD solver such as Fluenbther
commercial CFD solver. It is our ultimate goal tdeiger
more and more relational engineering simulationveafe in
the future.

INTERACTIVE USERINTERFACE

There are two sub-components in the IUlL. One is the
interactive web pages; the other is the web-basesi- p
processor. The basic structure of IUI is very samio any
common web sites, in which HTML comprises the main
static structure of IUl, while PHP and JavaScrippvde
dynamic contents. When a new representative pHysica
problem is added to the system, it must be mantalily to

be a new teaching web page. If more and more
representative problems are created, the systertnbig
filled with repetitious teaching pages and will éeentually
difficult to maintain. Therefore, all the teachingntents are
arranged to store in the database in order to owezcthe
barrier like that described above. As long as assr @nters
the web-site, the affiliated data of the physicalytem will

be transmitted to IUl by PHP program automatically.
addition, the page frame will be built in just onreg¢her than

be created every time.

The web-based post-processor displays the comprisati
result in graphics which shows graphic presentatidn
computational results. Users can observe physical
phenomena via the web-base post-processor. Theindgraw
algorithms of web-based post-processor were degdldyy
Hung [9]. In the present study, the algorithms h&een

edit the data stored in the database through CFDwcMPlemented by using Java Applet. Real-time graghic

interface. CFDWC would check if the requested probl
had been calculated and stored in the databass=DWC
could not find the results of the requested probl&RDW
will receive problem file from database by FTP ¢Fil
Transfer Protocol) and call CFDW to implement the
calculation for the problem. At the same time, CFD\AIso
receives the result file path form the databasderAthe
CFDW completes the calculation, CFDWC will uplodm t
result file to the database server by FTP. ThergiGushows
the operation chart of database, FTP server, al\CF

-——=
~
~
N

\

7
7z
/

S ’

\

blem
ch undealt Pre
) il —aanepan 7 %
Teaching ’ S|~ CFDWC \
file £ Client
Material —geat problem data ien \

Database ] "get date calculated [
1
1
1
CFDWC |
' Client 4
d

NG path ©
OWnload ¢ € ung '
he y| dealt
Problem datafile !

_—-

problem datafile path
! /

upl S 4
230 the caloyjarey N CFDWC ’
A Client

problem tecfile ~ /
'
L

-

&

Result File Server

7/
/

~

CFDW
FIGURE 3
OPERATION CHART FOR CFDW &CFDWC
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presentation and interactive interface are esdeptiaveb-
based post-processor. Many literatures have shdvan t
JAVA applet is popular in many related e-learniggtem in
engineering education [19-21]. The Virginia Polyteic
Institute [22] established an engineering coursaching
system which was called EngApplets. In which, thare
some interactive applets which have been employed t
demonstrate the topics such as Fluid DynamicsjcStand
Dynamics. Page et al. [23] used applet to implerdéesarete
event simulation in their system. They interacthwisers in
the internet by the use of applet interface. Actaydio
above studies, it is believed that applet is anr@mppate
means to implement the interactive interface in web
browser.

TEACHING MATERIALS DATABASE

The teaching materials consists two parts: the hiagc
materials information and the result-file infornwati The
teaching materials information includes the problem
illustrations, problem statements, problem index#sjsics
variable names, and physics variable values. Theltréile
information includes boundary conditions; sourc¢adfe
paths, result file paths and CFDW running flagsthBof
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them are store at the teaching materials databhseQL is
used as underlying database management system.

Without using of the database, each new problemtedeby
user must be computed every time. Complex probheiths
take a long time to compute and make it imposstble
display the results in real-time. With database,dapability
of display in real-time will increase dramaticallyzor
example, as soon as user enters the teaching plage,
teaching materials will be shown on the teachingepand
users are requested for altering the parameterghdf
parameters are stored in the database, the redulbev
returned immediately. It is also a convenient wayuse
database to manage numerous teaching materialshéor
system administrators because they can delete,asditadd
representative physical problems through browseilyea
Since not every system administrator is familiathwihe

technologies such as HTML and PHP, we must build an =y wee

interface for them to manage teaching materials.

The selection of teaching materials is the impdrtasues.
Energy topic is very popular issue around the worldecent
days. We try to design some educational teachintgniah
for this topic. The figure 4 was shown as framewofkhe
energy teaching materials. We hope that these iteach
materials can help users to acquire more knowldxgeur
system.

ISoIar Heat Energy Application I

|Passuvc|

I solar energy obtains the system I

Sunlight angle
Solar hot water system

Hot box principle
Utilization of geothermal

I Building construction way I
|
I
Roof design

I |
|House ventilates the design | | Design of the window I

Water storage roofl Whole house fanl Double glazing|

Eaves angle |

roof adds air space

Wind tower vemilator| pelmet preventing heat loss |

trombe wall

FIGURE 4
THE SCHEMA OF TEACHING MATERIALS FOR ENERGY TOPIC

DEMONSTRATION OF THE SYSTEM

Users can use the web browser to login our sysfdrare
are two links, Fluid Dynamic problems
Transfer problems link, at the northwest cornerirofial
page. User has to choose the one among of thitinkm As
user clicks the link, user can select any type xftig
problems through the selection box which are comdisll
the available representative problems. When the algzks
on the “Done” button, the teaching page link whiosv the
teaching problems with their associate graphic uritie
selection box.
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As an example, if we click the “Heat transfer peabk” link,
and then select the “classics problems” case irséhection
box, the “chip cooling” and other associated protsdinks
will appear on the left frame. When we click thekli the
representative case will be shown on the right &amhich
includes the teaching material. Figure 5 shows ittial

screen for a representative problem of the teachystem.

3 Heat Transtex and Fluid Dynamic Study Web Site - Microsoft Internet Explorer

BRD #HD BRQ ZOREW IAD AW

QI-E-9 RRA G PFoz H52mE @ -2 O-0UE &
D) [ ] nip: 140,127 180 1 st veb_new! v BBE =
Google [Gl~ Ve o B - | o sEy PRk - BeT B P HTRE - |2 HF - | (o w23 Q@mE & -
Pl
Hear
= = w,
ka = 27 | /n x
[<Checse i o == 7
— w,
- =] =
~ CHip cooling i ka kb ke
: ()
Natural convection
Heat transfer in a
circular ring The geometry with associate dimensions of the physical configuration is schematically shown in the figure to
R simulate the chip cooling on a PC board with opening between chips. Natural convection is included in the
Healexchangel madel and the inlet temperature is equal to the ambient temperature. Upper and lower boundaries are assumed
o ¥ adiabatic. In the given domain of configuration, all transport properties are assumed to be constant. The
_ 2| thermal conductivity (k) and dynamic viscosity arc allowed to be changed for parametric study. Either
@ property change will create a virtual fluid.
a=» ) ©

THE TEACHING MATERIAL PAGE

There are three parts in the teaching materiale pagshown
in Fig. 5. The first part is the graphic associatéth the
underlying problem. It includes names of the chaige
parameters and the basic definitions for the patenmeof
the selected problem. The second part includes
descriptions for the selected problem along witlatesl
information to help the users better understandihg
selected problem. The third part is the interfdua bffers
users to alter the value of parameters. When Usgkscahe
“finish” button, the updated parameter values wllé
transmitted to the underlying database.

the

Following above-mentioned example as shown in Ejgve
can see that “Ka”, “Kb”, and “Kc” as given on thight side
of the window are initial parameters of the seldcte
representative case. Let's first not change thdialni
parameters, and directly click the “finish” buttoffthe
parameter values will be transmitted to the dambase
result of the representative problem would be showthe
post-processor page, in which the user can obsshysical
phenomena distinctly as shown in Fig. 6. Basic axalion
for its phenomena is provided on the page. In iheré 6,
some optional demonstrations of post-processorubutyy

link and Heat changing the state of the check-button, for theeiner

representative case are also shown. After usensgehthe
check-button state, the updated graphic will bematically
created and shown in the post-processor page later.
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FIGURE 6
THE POST-PROCESS PAGE AND DIFFERENT DISPLAY TYPES

/2 Heat Transfer and Fluid Dynamic Study Web Site - Windows Internet Explorer
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The description of new results is not able to beashon the [0 s Sy e S
web page at this moment of development. If theradte — RS

parameter values of the updated problem are notdstm
the database before, the teaching system will fihss
parameter values to the database and wait foralalation T
by CFDW. More complicate the problem is, the longer
will take CFDW to calculation. Therefore, teachisgstem
will estimate and inform the user as to how longilt take
to complete the calculation, and give the userleutaion

ST

chip blocks s taken
as that of aluminum.
‘Thermal energy
‘generated from chips
heats up the
neighboring fluid o
cause a density-
difference induced
natural convection.

Heat transfer ina

. . . . circular ring
ID. When the calculation is finished, the user cese the ] T
1 Heat exchanger ‘1 block 2! p
calculation ID to get the result and observe ply/sic Tl T sl eaeihrts |
‘The geometry with the physical configuration ly shown in the figure to simulate the chip |
- l ‘board with betw hips. 1 included in the del and the inlet

phenomena on the post-processor page. P A A A e AV A S S i o
’7 2 transport properties are assumed to be constant. The thermal conductivity (k) and dynamic viscosity are allowed to be changed ~ _|
for parametric study. Either property change will create a virtual fluid. =
I T s |6 SR [®wos -

Now, let’s create a new case by changing the reptatve
case’s parameters, ka form the default value 230tcand
kc form the default value 237 to 10, and kb forma tefault
value 237 to 500. Since this new case does not exihe
database, an ID page will be automatically gendrbiethe
system and be shown to the user.

FIGURE 7
NEW PARAMETER FOR KA = KC =10, KB =500

02 - e-
5N * o/m'2, board

After the calculation is done, the result file witte altered ' = sy
parameters will be transmitted to the post-procepage as i - [
shown in Fig. 6. The user can learn the modifieenamena o i - ==
and acquire correlation knowledge by this systetmerathan ke e o |E
by solving the governing equations. Figures 7 aridrther s =R
indicate the results of post-processor pages frctianges s == [FE ol
of “Ka = 50 Kc = 250, Kb =500” and “Ka = Kb = Kc 50" s
from representative case, respectively. = m—mm—— 3;1":::m S
_ _ _ —— el ) = el |
The types and the quantity of teaching problemschvthe St . e
teaching system offers, have been basically estaddi and FIGURE 8
will be give more and more for undergraduate eraging NEW PARAMETER FOR KA = 50 KC = 250 , KB =500
students to learn basic concept of fluid flow aedthitransfer
courses.
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CONCLUSION [8]

In the present study, a real-time and interactearding
system has been established. Users are alloweddbesses

this assisted internet instruction system thouggtt wrowser  [9]
no matter where and when. This innovative systeoviges

the engineering students the facility to model peois
rapidly and efficiently understanding the associatermal-
hydraulic phenomena without spending lots of timethe [10]
derivatives of the governing equations. The maincstire of

the presently established e-learning system insluidé,
database, CFDW, CFDWC, user-friendly Post-Processor
and learning topics of fluid flow and heat transferc. A [11]
large number of teaching materials, which incluelaching
problems, data files of problems, and calculatedits, was

stored in database. CFDWC provide not only coryectl
operation between database and CFD solver but alsle]
efficiently handle asynchronous teaching problems
submitted from users. Web-based post-processor can
successfully draw the colorful simulation graphgaiblem. (13]
We are also confident that the graphical represient@an

help users distinctly comprehend different phencaneith ~ [14]
dissimilar parameters. The methodological evalmatibthis

system is the most important work in the future.
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