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Numerical Heat Transfer

(BUEZHRF)
Chapter 1 Introduction

I

Instructor Tao, Wen-Quan

Key Laboratory of Thermo-Fluid Science & Engineering
Int. Joint Research Laboratory of Thermal Science & Engineering
Xi'an Jiaotong University
Innovative Harbor of West China, Xian
2021-Sept-26
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Brief Introduction to Course

1. Textbook — {F({E{EIH=E) , 2 ed., 2001
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Numerical Heat Transfer ﬁﬁ 200 —

(Second Edition) m
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KBAEAEREE» Citations of the textbook
The total citation times home and abroad([E 4 4#})>15000
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2. Relative International Journal Ex8FZE45MAT)

— 1.Numerical Heat Transfer, Part A- Applications; Part B-
Fundamentals
2.International Journal of Numerical Methods in Heat and Fluid
- Flow
3.International Journal of Numerical Methods in Fluids.
4.Computer & Fluids
— 5.Progress in Computational Fluid Dynamics
6.Journal of Computational Physics
5.International Journal of Numerical Methods in Engineering
7.Computer Methods of Applied Mechanics and Engineering
8.Engineering Computations
10. Computer Modeling in Engineering & Sciences (CMES)
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11.ASME Journal of Heat Transfer
12.International Journal of Heat and Mass Transfer

13.ASME Journal of Fluids Engineering
14.International Journal of Heat and Fluid Flow

15.AI1AA Journal

3. Teaching hours — 44 hrs-basic principles, including
teaching code ; 12 hrs-FLUENT software

4. Course score (PRFERLS)— Home work/Computer-
aided project: —50/50

5. Methodology— Open, Participation and
Application T8, &5, B )

4/62
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6. Teaching assistants group

G4 (Xiangyou FENG);  Jj ZRi(Yigang LI)

24y (Zhexi LI ; RRF(Tianyu WU)
FFE(Zixing WANG) *;  #EBiPE(Qiongyao CHUI)
#  E(Kun HUANG) ; e ZH(Xiang Chen)
2 FH(Yang XIA); #R %%k (Lingyi GUO)
CFD-NHT-EHT 5 /62
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B2 BEF
(W.Q.Tao) (LiChen) (Wen-Tao Ji)(Qing-Long Ren)

8. We Chat Group

2020 (WIEZ#HF) BFE
To join the group

copy QR code(—4:hY)

Every student of this class
should be in the group!
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9. Methods for improving teaching and studying

1) Speaking simple but clear English with Chinese note
(7F%%) of new terminology (X1&) and some difficult
words---teacher’s side;

2) Repeating very important contents by Chinese (with
exactly same contents of English) to enhance (Jil15#)
students’ understanding (¥ /i#)---- teacher ’s side;

3) Indicating the part of the text book corresponding to
the contents talked in the class---- teacher ’s side;

4) Showing the part of the text book for students to
preview which will be talked next time---- teacher ’s

side;
CEnTER T 7/62
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5) Offering office-hours (&5 [E]) in the evening of
every Wednesday;----teachers’ sides;

6) Offering after-class instruction(f )5 %5 ) for some
special parts of the teaching contents apart from the

normal office-hours (& &&H} [8]);----teachers’ sides;
7) Enhancing communications between students and

teachers thru a We Chat-group ;Our 10 assistants will
help In this regard----both sides;

8) Previewing (71>]) PPT of 2020 loaded in our group;
website: http//nht.xjtu.edu.cn----students’ side.

9) Previewing (71 >]) that part of the text book indicated
by the teacher----students’ side.

SEoT-EnT 8/62
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Contents of Chapter 1

1.1 Mathematical formulation (ZZ$#5iA) of

heat transfer and fluid flow (HT & FF)
problems

1.2 Basic concepts of NHT, its Importance and
application examples

1.3 Mathematical and physical classification
of HT & FF problems and its effects on
numerical solution
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1.1 Mathematical formulation of heat transfer
and fluid flow (HT & FF) problems

1.1.1 Governing equations (32#| 4 #) and their
general form

1. Mass conservation
2. Momentum conservation

3. Energy conservation

4. General form

1.1.2 Conditions for unique solution ( ME—#)
1.1.3 Example of mathematical formulation

CFD-NHT-EHT
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fluid flow (HT & FF) problems

All macro-scale (W) HT & FF problems are
governed by three conservation laws: mass, momentum
and energy conservation law (5 E & ).

The differences between different problems are In:
conditions for the unique solution (ME—##) : initial

(FIURH)) & boundary conditions, physical properties
and source terms.
1.1.1 Governing equations and their general form

[1.1 Mathematical formulation of heat transfer and]

1. Mass conservation
9p  d(pu)  d(pv) olpW) _ .
ot OX oy 0z 11/62
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v “div” 1s the mathematical

é/";—;—- symbol for divergence
/ .
(F&)JL) -

x’/,/—
5p = 2lpu) | 9(pv) | 0(pw)
6t+d|v(pU) 0 div(pU)= ™ Py ~
For incompressible fluid (AR L4874 ) -
div(U) =0 U VLW
Ox 8y 0z

flow without source and sink (A5 510 30) o

SEoT-EnT 12/62
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2. Momentum conservation

Applying the 2" [aw of Newton (F=ma) to the
elemental control volume (321 F4) in the three-
dimensional coordinates:

[Increasing rate of momentum of the CV]= « |,
[Summation of external (Ap#) forces /é/—‘
applying on the CV]+ Net inflow of _
momentum /

Adopting Stokes assumption: stress is linearly

proportional to strain( Jj 5 W A8 g2 ke ), We

have for component u in x-direction:

SEoT-EnT 13/62
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Source
o(pu) oO(puu) J(puv) o uw) 8/ ou term
pZ) AP AP LA i (_dIVU—I—277—)
_Qt_. _8)(___ __8_2. ax OX
Transient Convection Diffusion
term term term
8v ou ou Ow
— — + + pF
ay[77( )] [71(az ax)] PF,
Diffusion
term

1 dynamic viscosity , A fluid 2" molecular viscosity.

For gas, 71:-277

SEoT-EnT 14/62


/
/

A I a0 o a2k B o P N
@ zr2a28 s nrne @
s ot & HEHELEZETE 5

It can be shown (see the notes) that the above
equation can be reformulated as (%% &) following
general form of Navier-Stokes equation for u component:

5(5”) + div(puU)= div(ygradu) + S,
Transient Convection Diffusion Source

term JERRAET | [termAFHET | | term$P B | | termPE TR

u, v, w ----velocity components in three directions,
dependent variable (X428 &) to be solved;
U ----fluid velocity vector;
S, ----source term.

SEoT-EnT 15/62
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Source term In x-direction:

omm Emm o o

_ 1
S, :E(Ua—u)Jr ¢ ( aV)+ 2 (n aW)+£(ﬂdivU)+'pr—@ |
0Z ~ OX  OX , OX

x o oy ox

|
|
Similarly: | !
I I

|

Ny aW+§(Zdi\/U)+:pr—a—'ol

s, =2 1M+ 2 Yy + 2

x o oy ey ar oy oy C oy
| |

P NI - I - NI OV NF O )
Sw‘@x(" E}z)+8y(n az)+az (17 az)+az (AdivU) + pF, |

\
For incompressible fluid with constant properties the
source term does not contain velocity-related part.

CFD-NHT-EHT
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3. Energy conservation

[Increasing rate of internal energy in the CV]= [Net
heat going into the CV]+[Work conducted by body
forces and surface forces]

Introducing Fourier’s law of heat conduction and
neglecting the work conducted by forces; Introducing
enthalpy (%) h = CpT ,assuming C, = Constant,

We have:

8(5:) +div(pTU) = div(Z grad(T)) + S.
C
p

oT~ T~ OT-| A A A
grad(T) =1+ j+ k| 2 o 2 (L Yy L
oXx oy~ 0L | ¢ C,7  C,7 Pr

CPD-NHT-EHT P 17/62
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4. General form of the governing equations

a(g{@ I diV(,O¢U) = div(l“;grad () + S;

Transient | | Convection Diffusion Source

The differences between different problems:
(1) Different boundary and initial conditions;

(2) Different nominal source (44 Y J5Jii) terms;
(3) Different physical properties (nominal diffusion

coefficients, £ X ¥ &t 2%%)

SEoT-EnT 18/62
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5. Some remarks (3EH)

1. The derived transient 3D Navier-Stokes equations can
be applied for both laminar and turbulent flows.

2. When a HT & FF problem is in conjunction with (5...
A %) mass transfer process, the component (ZHA5)
conservation equation should be included in the
governing equations.

3. Although ¢ Is assumed constant, the above governing
equation can also be applied to cases with weakly

changed c, (tbFumgAH221E) .

4. Radiative (#g4%) heat transfer is governed by a
differential-integral  (4#43-#243) equation, and its
numerical solution will not be dealt with here.

SEoT-EnT 19/62
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1.1.2 Conditions for unique solution

1. Initial condition (#F14a%&4) t =0, T = f (X,V,2)
2. Boundary condition (i1 AL 4444)
(1) Firstkind (Dirichlet): Tg =T,

_ ol
(2) Second kind (Neumann): 0y = —/1(%)5 = Ogiver

(3) Third kind (Rubin): Specifying (3l &) the
relationship between boundary value and its first-order
normal derivative:

—z(g%)s —h(T, - T,)

3. Fluid thermo-physical properties and source term
of the process.

CFD-NHT-EHT
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3" kind boundary conditions for both solid heat
conduction and convective heat transfer problems

/‘ Heat conduction
with 3rd kind B.C.

e at surface

h,TeEH
— h, T, are known

: Sﬂ} Inner convective heat
S i | ) transfer with 3rd kind
% condition at outer
o T B surface of tube wall

f )

\

h., T, are known
For 3" kind boundary condition heat flux is not known:

q=h(T, -T )org=h(T_ -T,)

et 21/62
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1.1.3 Example of mathematical formulation

1. Problem and assumptions

Convective heat transfer in a sudden expansion region:
2D, steady-state, Incompressible fluid, constant
properties, neglecting gravity and viscous dissipation

CRETERERT)
ﬁilﬂlﬁ Tin | nPa.bé% tﬂncifzﬂ
== E
_ \E/‘Solution
7777 | | domain

CenreR | | k5 | 22/62
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2. Governing equations

Complete set
of governing
eguations

CFD-NHT-EHT
EEEEEE

_ou oV
oX oy
o(uu) | O(vu) _ 1 0p : V(c’izu : 82u)

OX oy pOX  OX° oy’
o(uv) N o(w) _ 10p OV 0V

+V(—+—
x oy ooy G o)

=0

oT) | aNT) _ T o

A
=a + a=——
OX oy (8x2 oy’ ) Jolop

23/62
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3. Boundary conditions (3) Center line:
. ou _oT
(1) Inlet: specifying a;: Py =0; v=0
(1%6HH) variations of u,v,T
with y (4) Outlet:

Mathematically the
distributions of u,v,T
or their first-order
derivatives(54y) are
required. Actually,
approximations must
be made.

(2) SolidB.C.: Noslip (%) in velocity, no
jump (BkEK) intemp.

24162
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Notes to Section 1.1
In the left hand side a(puu) | 3(pw) _ o(puw)

_ _ = div(pul)
The right hand S|de ; OX oy
0 ouy 0. oV 8_u o, ,0u B ap
(ﬂ«dlvU +277 )+ ay[77( x )] ol Ul G )]+pF ~

~
—
~ -~ ‘~ ~
-~y b -
~ b .
—

1 2 \A

o, ou, 0, ou, 0, ou, 0, ou, O, ov, O, OW

o —. —
+ + + + + +—(AdivU
ax o) Ty ) T ) e e Ty e T ) e YY)

div(grad (u)) S,
ou au. ou
pr—i—z = div(rgradu) + S, grad(u) =—1 Py i+—k
- 0 ,ou, 0 ,0u, O ,0u
Thus we have: div(grad(u)) == (20 + - () + 5, ()
d(pu)

b div(puU) =div(7gradu) + S, Navier-Stokes

CFD-NHT-EHT
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Gradient of a scalar (F = HI#5E) is a vector:

grad (u) = 8_uT+a_uT + UK
oX oY 0z
Divergence of a vector (&= HEUE) is a scalar:
. . ,OU- ou— ou-
div(grad(u)) =div(—1+— | +—K
(grad(u)) (ax ayJ - )
. o,ou, 0 ,0u, 0O ,0u
div(grad =
Iv(grad (u)) ~ (@X)+ & (ay)+ p (az)

. o, ou o, ou, 0O, ou
div(zgrad(u)) = —(n—) +—(n—) +—
(ngrad(u)) aX(n ax) ay(n ay) aZ(n az)

End of Notes to Section 1.1

CFD-NHT-EHT
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1.2 Basic concepts of NHT, its importance and
application examples

1.2.1 Three fundamental approaches of scientific
research and their relationships

1.2.2 Basic concepts of nhumerical solutions
based on continuum assumption

1.2.3 Classification of numerical solution methods
based on continuum assumption

1.2.4 Importance and application examples

1.2.5 Stories of two celebrities (%5 .A) in numerical
simulation

1.2.6 Some suggestions

SEoT-EnT 27/62
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1.2 Basic concepts of NHT , importance and its
application examples

1.2.1 Three fundamental approaches of scientific
research and their relationships

1. Theoretical analysis (Analytical solution)

Its importance should not be underestimated ({&4). It
provides comparison for verifying(%:#E) numerical solutions.

Examples: The analytic solution of velocity from NS eq. for
following case:

2 7 u /v, 1—-(r/r)2
Lo u—‘ 2
u,

= 11— (r./r,)? r/r,

aly

28/62
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2. Experimental study

A basic research method: observation(Wi %)
properties measurement; verification of numerical results

3. Numerical simulation

Numerical simulation is an inter-discipline (32 ¥ 4~
£l), and plays an important and un-replaceable role in
exploring (#25)unknowns, promoting (&) the
development of science & technology, and for the safety of

national defense C[E[FjZ:4) .

With the rapid development of computer
hardware (#§4}), the importance and function of the
numerical simulation become greater and greater.

CFD-NHT-EHT
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1.2.2 Basic concepts of numerical solutions based
on continuum assumption CGEZEPEE )

Replacing the fields of continuum variables (velocity, temp.
etc.) by sets (4£4) of values at discrete (S5E{H{) points
(nodes, grids5 &) (Discretization of domain, [X 33 55 5);

Establishing algebraic equations for these values at the
discrete points by some principles (Discretization of equations,

FEE ) ;

Solving the algebraic equations by computers to get
approximate solutions of the continuum variables (Solution of

LA

equation, Jj7

CFD-NHT-EHT
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DI.Scre_t.IZIng B PR, BETA
Domam(,éﬁjﬁf%ﬁ&) (ziﬁiﬁﬂ:)
T -
Discretizing i ”
Equations & i
— SR &
(T FEERED I Y b
- T T - - 1 B
Solving SRR B
algebraic equations YT
(7‘3‘&5‘&%) 2
L Iy
Analyzing numerical L[_ .

results

CFD-NHT-ENT (& R 7 HT) Flow chart (FRFEEE) 31/62
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1.2.3 Classification of numerical solution methods
based on continuum assumption

1. Finite difference AR*E4#:: L F Richardson
method (FDM) (1910), A Thome (1940s)

2. Finite volume BHRAME: DB Spalding; SV
method (FVM) Patankar

3. Finite element BRIt O C Zienkiewicz; 14
method (FEM) 533 (Kang Feng)

4. Finite analytic BRaHrEE: BEs1=(Ching Jen
method (FAM) Chen)

5. Boundary element IR D B Brebbia
method (BEM)

6. Spectral analysis . R
method (SAM) HIAE

SEo e 32/62
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P -
FDM =ttt T4t FUM
BRED 15 5 ARBER
(a) (b)

FEM - 1 Attt FAM
ARRIT Y= Tt =T BROH
© (d)

All these methods need a grid system (W% £ %t)

1) Determination of grid positions; 2) Establishing
the influence relationships between grids.
33/62
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BEM

BEM (G ¥ior) requires a basic solution(FE£#Ef#), which
greatly limits its applications in convective problems.

SAM can only be applied to geometrically simple cases.

Manole, Lage 1990—1992 statistics (%git): FVM ---47%;
adopted by most commercial software; Our statistics of
NHT in 2007 even much higher.

SEoeT-EnT 34162
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1.2.4 Importance and application examples
1. Application examples

Example 1 : Weather forecast—  Numerical solution
IS the only way.

o2

Cloud Atlas sent back by a

Y &

Large scale vortex meteorological satellite

SEoT-EnT 35/62
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Example 2: Aeronautical & aerospace
(B R) engineering

Il
I

il
[]]
|
|
|
|

Partial view of grid system around
NACA 0012 airfoil (HLFE)

SEoT-EnT 36/62
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Example 3: Design of head shape of high-speed train

The front head shape of the
high speed train is of great
Importance for its aerodynamic
performance (%% /—iz:jjjj FERRE).
Numerical wind tunnel is widely
used to optimize the front head
shape.

HEHE

i

SHEHTH

CEnTER 37/62
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4.0

1 present simulation
a0l ® Martin & Moyce
L 2°T
Evolution (7#7%%) process of R

t (g/L)llz

interface Base radius vs. time

et 38/62
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2. Importance of numerical simulation

Historically, in 1985 the West Europe listed the
first commercial software-PHEONICS as the one which
was not allowed to sell to the communist countries. The
prohibition (284>) was cancelled in 1990s.

Complicate Life
d FF & HT Science

Numerical
Simulatio

National
defense

Atoms &
Molecules

CFD-NHT-EHT
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In 2005 the USA President Advisory Board put
forward a suggestion to the president that in order to

keep competitive power (354+/)) of USAin the
world it should develops scientific computation.

In the year of 2006
the director of design
department of Boeing , M.
Grarett , reported to the
US Congress (E2<)
Indicating that the high
performance computers
have completely changed b M R
the way of designing Numerical simulation plays an

Boeing airplane. important role in the design of
Boeing airplane

Occupancy Hours

40/62
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Recently, the Trump administration in USA has banned
(Z£ 1F)Harbin Institute of Technology and Harbin University of
Engineering from using MATLAB. MATLAB Is an
Important tool for engineering design and research.

Therefore independently developed

Numerical Computing with MATLAB

software or home-made software Is very

MATLABEBETTE (201318iTkR - HXXhE )

important for a country’s development.

Graduate students at a research-led
university should have the capability to
Independently develop a software.

To meet such requirement this course |
is composed of following three major o
parts:

CenvER 41/62
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Part 1: Fundamental theories of numerical heat transfer,
You will learn basic numerical solution methods for
Incompressible fluid flow and heat transfer.(36 hours)

Part 2: 2D-teaching code by FORTRAN-95, which
contains only about 700 sentences while is able to
simulate fluid flow and heat transfer problems in three
2D coordinates; This part cultivates (3%3%) students'
ability to write programs for themselves. (8 hours)

Part 3: Commercial software FLUENT, including
fundamentals and applications (12 hours). This part
cultivates students' ability to apply commercial
software to solve complicated engineering problems .

SEoT-EnT 42162
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1.2.5 Stories of two celebrities (#5.A) in numerical simulation

&
R} B+

D, YWBER
R Bkt

CFD-NHT-EHT
CENTER

43/62


/
/

(A , N o
¥ ) ri - 3 QX‘ ??(:‘mn._.ﬁ‘l‘% —5.17?1 @
FHXA1E HEHRELEDF

Professor K.FENG
developed very strict
and beautiful
mathematical theory
of finite element
method. He was not
married for his whole
life, and devoted
himself to the
Innovation of science
& technology In
China.

)

SEoT-EnT 44/62


/
/

Commemoration of 100" birthday of Feng KANG(2020)
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2. D.B. Spalding (UK)

Tt

were to be released in a city?

SEoT-EnT 46/62
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Next time we will meet on
September 26 afternoon
(1,2 classes) for the classes of
October 6 (Wednesday)

SEoT-EnT 47162
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1.3 Mathematical and physical classification

(933)of HT & FF problems and its effects
on numerical solution

1.3.1 From mathematical viewpoint (¥ 51)

1. General form of 2"-order PDE ({4343 J5 #£) with
two independent variables (— 1)

2. Basic features (45 y) of three types of PDESs

3. Relationship to numerical solution method

1.3.2 From physical viewpoint

Conservative (57 H7%) and non-conservative
CentER 48/62
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(1.3 Mathematical and physical classification of A
FF & HT Problems and its effects on numerical

1.3.1 From mathematical viewpoint

1. General formulation of 2" order PDEs with two IDVs

ag, +bg, +co, +do +ep + T =9g(XY)

a,b,c,d,e, T canbefunctionof X,V,¢
~ <0, Elliptic  [HEEIR | (E¥#HE)

b — 4ac<

= (, Parabolic | iR | Gl

CFD-NHT-EHT
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_ >0, Hyperbolic ‘XX[

f 74|

=)
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2. Basic feature of three types of PDES

b* —4ac < 0, having no real characteristic line;

(BH L HIIEL)

b®—4ac =0, having one real characteristic line:
b? —4ac >0, having two real characteristic lines

leading to the difference Iin domain of dependence
(DOD, 44 [X.) and domain of influence (DOI, &0} [X);

For 2-D case, DOD of a node is a line which
determines the value of a dependent variable at the node;
DOI of a node is an area within which the values of
dependent variable are affected by the node.
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Elliptic Parabolic Hyperbolic
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(1) Elliptic: flow with
recirculation (JF[3)
solution should be conducted
simultaneously for the whole

B4R |

domain; recirculation < >

(2) Parabolic: flow without recirculation , solution
can be conducted by marching method (ZB#E ) |
greatly saving computing time!

_zﬁ,;p—{— i ZI——-{«'—Q&IZH——#%& Uy,

—_— «
—=y | | b ol =0
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1.3.2 From physical viewpoint

1. Conservative (5FfHAY) vs. non-conservative:

Non-conservative: those governing equations whose
convective terms are not expressed by divergence form are
called non-conservative governing equation . For 2D

energy eq..  g(pc,T)  d(pc,T)
u +V
OX oy

Conservative: those governing equations whose
convective terms are expressed by divergence form(ii i
JEx) are called conservative governing equation .

d(puc,T) 6(pvcpT)~8(pcpTu)+8(pcpTv)
OX T oy OX oy

These two concepts are only for numerical solution.

IS not divergence form

= div(pc,TU)

CFD-NHT-EHT
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2. Conservative GE. can guarantee the conservation of
physical quantity (mass, momentum ,energy , etc. )
within a finite (R /) volume.

o(pc,T)

+div(pc,TU) =div(AgradT) +S;c,

j(pc T)dV = —jduv(pc TU)dV +Id|v(/lgradT)dV +jsTcpdv

From Gauss theorem

j div(pc, TU)dV = j (pc,TU) o ndA
V oV

j div(1gradT)dV = [ (Agrad(T)) e ndA
" Dot product (xifH)
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% [(pe, TV == (pc,TU) e idA+ [ (Agrad(T)) s idA+ [ (S;c,)dV
V oV V

oV

Increment Energy into Energy into Energy
(B¥4E) of the region by the region by generated
Internal energy | |fluid flow conduction by source
Exactly an expression of energy conservation!

T, 1sotherm
TS T AT

grad (T)en >0

~Uen<; |
~U.n>0, heatflowsin  Neatconductsin

et 55/62
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Key to have a conservative form of governing equation:
convective term Is expressed by divergence.

3. Generally conservation iIs expected. Discretization eqgs.
are suggested to be derived from conservative PDE.

4. Conservative and non-conservative are referred to

(#8) afinite space (HFRZZH]) ; For a differential
volume (£443%#1) they are identical (fHZEf]) |

a T a T 0
(pC) (%C)JFPC(%

_O(pucT) +8(pvcpT)
OX oy
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Summary of Section 1-3

1.The governing eqs. of HT and FF are of 2" order PDE:

ag, +bg, +co, +do +eg, + Td=g(Xy)

and depending on the value of (b? —4ac), itcan be
elliptic, parabolic or hyperbolic;

The HT and FF problems of the incompressible fluid
are either elliptic or parabolic;

2. If the convective term of a governing eg. IS expressed
by the divergence form it Is conservative, otherwise It Is
non-conservative; Discretization eqgs. are suggested to be
derived from conservative PDE.
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Summary of Chapter 1

It Is now widely accepted that an appropriate
combination of theoretical analysis, experimental study
and numerical simulation is the best approach for
modern scientific research.

With the further development of computer hardware
and numerical algorithm (%.3)) , the importance of
numerical simulation will become more and more

significant!

A new era of applying numerical simulation has
already come with the emergence of the profound
changes unseen in a century (P& B FEARB Z N2 FH)
T, BUEEAN AR CZE]K)!

SEoT-EnT 58/62



/
/

HOAAF S5 THE o

FLRALE P e

XIAN JIAOTONG UNIVERSITY

Some Suggestions for learning the course
1. Understanding numerical methods from basic
characteristics of physical process;

2. Mastering complete picture and knowing every detalls
(BH H: 4>, #rH%%) for any numerical method;

3. Practicing simulation method by a computer; Work
hard to develop your ability to write code for yourself;

4. Trying hard to analyze simulation results: rationality
(M) and regularity (L)

5. Adopting CSW(Rj I3 4F) in conjunction with self-
developed code (5 H 427 FH LS ).
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Home Work 1

Lid-driven cavity flow
with heat transfer

CHP A Py T S S Bl )

An Infinite long plate with uniform temperature T, IS
moving at the top of a square cavity . The left and right
walls are adiabatic(Z#4), while the bottom wall is at
temperature T,,. The effect of gravity can be neglected.
Write down the mathematical formulation for the FF & HT
In the cavity assuming steady state, laminar flow with
constant properties and without energy dissipation.

Hand in with the home work of Chapter 2.

y

OSSNSO

—

]:1,' 2
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The pdf file will be posted at our group website:
http://nht.xjtu.edu.cm

Lecture today ---Chapter 1 of NHT textbook
Erratum (#5i%3%)

1883 —2/3 MBCh — 2/377
2. ITBBET: L RO - L,
BI%E, 2%&%@%
3. BAWMBPIBR3IT: 1divU NEBCH A(divU)’
4. 570 NA-18)Hu: o NMBCE p
5. SBOMBIBEES MThm: PV RRIMAREN N v
6. X(1-6),(1-8) s T E 1 Wi
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AHMTIHEE: hitp:/nhtxjtu.edu.cn RPIFR]!

Teaching PPT will be loaded on ou website

= CEEY S
RAA!
People In the

same boat help
each other to

ﬁ’cbross to the other
. ank, where....
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