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Numerical Heat Transfer (ZUE{E#3)

Chapter 1 Basic concepts of numerical simulation
for heat transfer and fluid flow problems
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Instructor Tao, Wen-Quan (Bg3C52)

Key Laboratory of Thermo-Fluid Science & Engineering
China-Kyrgyzstan Joint Laboratory of Clean Energy and Energy
Storage under the Belt and Road Initiative
Innovative Harbor of West China, Xian
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CFD-NHT-EHT
CENTER

1/71


/
/

HAAE B T
Py )

Contents of Chapter 1

1.1 Mathematical formulation (£Z#iA) of heat
transfer and fluid flow (HT & FF) problems

1.2 Condition for unique solution (fi—fi#) and physical
classification (43r2€) of governing equations

1.3 Mathematical classification of governing equation (73
F293) and its effects on numerical solution

1.4 Fundamental
transfer

(B

-ZAHJ) contents of numerical heat

1.5 Roles of numerical simulation and stories of Professor
Kang FENG and D B Spalding
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1.1 Mathematical formulation of heat transfer and fluid
flow (HT & FF) problems

1.1.1 Governing equations (2#75%8) and their general
form

1. Mass conservation (JFE5FH)
2. Momentum conservation (ZjE45F{H)

3. Energy conservation (fEE5F{E)
4. General form (—ER)

1.1.2 Some remarks
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1.1 Mathematical formulation of heat transfer and
fluid flow (HT & FF) problems

All macro-scale (W) HT & FF problems are governed
($#41]) by three conservation laws: mass, momentum and
energy conservation law (57 1E. & ).

The differences between different problems are In:
conditions for the unique solution (ME—##) : (1) initial

(FIEH)) & boundary conditions, (2) physical properties
and (3) sourceterms (JEII) .

1-1-1 Governing equations and their general form
1. Mass conservation
op O(pu) OJ(pv) OJ(pw
9p  d(pu)  d(pv) olpW) _ .
CED-NHT-EHT ot OX oy 0z 4171
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u,v,w are three components (43 &) of U

s ap+d|v(pU) 0

oA ot
“div” (bold type,fH44) is the mathematical
symbol for divergence (Hi)fE)

\i

In Cartesian coordinate div(pU)= o(pu) + o(pV) i o(pw)

(E A AR R) OX oy 01
For incompressible fluid (4wl [E 457744 ) , density is constant,
L ou oV oOw
div(U) =0 —t+—+—=
OX oy o0z

flow without source and sink (%G5 5./ zh) . For example,
flow of water In a pipe.
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2. Momentum conservation

Applying the 2" J[aw of Newton (F=ma) to an elemental
control volume (¥ FH) in the three-dimensional coordinates:

[Increasing rate of momentum of the CV/(§% B
ARSI RAIMAEK) |= [Summation of o
external forces applying on the CV (YEH#E ﬁ//,j:.
ERABF RSN ZH) ] ;———

Adopting Stokes assumption( FHErFE e ErfEz1%) : stressis
linearly proportional to strain (2 1 5N TRk X F), we have
following governing equation for component u in x-direction:

SEoT-EnT 6/71


/
/

P

€7 = S A o Pt N
XIAN JIAGTONG UNIVERSITY ﬁ’ﬁf‘ . i 5 T \\_///

/—

d(pu) , d(puu)  d(puv)  d(puw)  Ip +_( ZdivU + 27
ot OX oy 0z OX X Source
Transient Convection 2nd _order term  ‘term
term (BEAW) term (KFisH) (ﬁ%\ﬁ)\y‘ﬁ&m) FET)
Equation of the variation of | _[,7(8" ou )]+ _[,7( 8w)] + pF.
fluid momentum in x- __—_5X -
direction ( pu) . 2nd _order term

(EBHBENY BOH)
1 dynamic viscosity(zh JJ kL)

ﬂ, fluid 2" molecular viscosity (%5241 HiJE) .For gas, ,1__277

3
(For details see the notes of Section 1-1)
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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 of fluid momentum:

a(a'iu) + div(puU)= div(n gradu) + S,
Transient Convection Diffusion Source

term JEREZARIR | | termAFIET | | termd B term3yE 1

u, v, w ----velocity components in X,y,z three directions, respectively,
they are the dependent variable (528 &) to be solved;
U ----fluid velocity vector:; U=ui+vj+wk
S, ----source term.

oo FOrV, W components, similar equations can be detived. -
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Source term In x-direction:

o, ou, 0, ov, 0, oW, O ,=, — op

S, =—(n—)+ + +— (AdivU) + pF, ——

i ax("ax) ay(775)() az("ax) ax( )+ pF, 6)(
Similarly:

N, &, W, 0 ~, — op

=—(77—) ( )+ —(n—)+—(divU) + pF — —

oy’ oy oy oL oy oy Loy

o, ou, 0, ov, 0, oW, O ,~, — op

= +—m—)+—(@n—)+—(AdivU) + pF ——

x o) oy )t 5 1) g AV ek =T

For incompressible fluid (4~ 1] JE{7i44&) with constant
properties the source term does not contain velocity-related part.

SEoT-EnT 9/71
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3. Energy conservation

[Increasing rate of internal energy in the CV (3BHI&H N 8B #3%4
f®) ]=[Net heat transfer rate going into the CV]+[Power

conducted by body forces and surface forces (#ENIBHIAER W&
Pl R+ 5 2 ) VE AR AR _ ERThER) |

Introducing Fourier’s law of heat conduction and neglecting the
work conducted by forces; Introducing enthalpy (43)

hchT

\We have:
d(pc,T)

ot

+div(pc,TU) =div(Agrad(T)) + S,

6T~ T~ oT - .

d(T)=—i+— j+—k (i )
grad(T) x oyl a B

SEoT-EnT 10/71
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4. General form of the governing equations

6(,08:@ +div(p™ gU) =div(I',gradg) + S,

Transient | | Convection Diffusion Source

@ is a general dependent variable: u, v, wand T ;

The differences between different problems:

(1) Different boundary and initial conditions;
(2) Different nominal source (g RTmn) terms;

(3) Different physical properties (nominal fluid density , 85 X
REBE, L7 )

et 11/71
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Expressions of four general variables for different governing equations

governing
equations

mass
conservation

x-momentum €q.

y-momentum €q.

z -momentum eq.

energy
conservation

SEoT-EnT 12/71
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1-1-2 Some remarks (3{HH)

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

2. When a HT & FF problem is in conjunction with (5... %)
mass transfer process, the component (ZH4{jy) conservation
equation should be included in the governing equations.

#HoAAF 5 432 ,@
HAENRESTERE SF

3. Radiative heat transfer (#g5fH#t#) is governed by a

differential-integral

(#%43-F143) equation, and its numerical

solution will not be dealt with (4b3#) here. Following book is
recommended:

R

2.

bk 5 AL BT

Hep BFM, F L5

A ﬁ‘mﬁ]‘?[M] K RIE: M/RIETI R R, 2006 .
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4. \ery recent mathematical research has shown that the N-S
equations do not possess regularity (IENJ1) , meaning that their
solutions cannot be guaranteed to be smooth and differentiable

(F¢3BTS) throughout the entire domain. However, the
excellent agreement between the results of numerous numerical
simulations and the experiments makes it seems that we don't
need to pay much attention to this mathematical property.

CFD-NHT-EHT
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Notes to Section 1.1
In the left hand side a(puu) | puv) | (puw)

_ _ = div(puU)
The right hand side : OX oy 0z
—(zdnvu +2n—)+—[n<@+a—“)] a[ (M 01+ oF, P
oy  oX oz 0z OX

\~
\\
~

o, ou 0, ou o —, —
&(U&)Jra (7 )+az (7 8z)+8x(77 ﬁx)+aﬁax)+a7 (7 —-) +—(AdivU)
div(gu)rad(u)) S,
ou . ou

- rad(u) = M+ M My
pF - =div(ygradu) + S, : “x oy &

div(grad(u)):%(g_i)Jr;(Z;)Jr;(Zl;)

Thus we have:

5(§[U) + diV(pUU) = div(ngradu) + Su Navier-Stokes

SEoT-EnT 15/71
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Gradient of a scalar (F = IS E) is a vector:

grad(u) = a—uﬂa—uT LD
oX oy 0z
Divergence of a vector (REHIHE) is a scalar:
. . ,OUu= OUu— oOu-
div(grad(u)) = div(—I1+— | +—K
(grad(u)) (ax ayj po )
. o ,ou O ,ou o ,ou
d rad =
Iv(grad(u)) 8x(ax)+ay(ay)+az(az)
. %, ou 9, ou O, oOu
d d e (Y (Y (2
IvV(r7grad(u)) ™ (7 aX)+ 8y(77 8y)+ ~ (7 az)

End of Notes to Section 1.1
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1.2 Condition for unique solution (Mi—##&) and physical
classification (4*2€) of governing equations
1-2-1 Conditions for unique solution of HT and FF problems

1. Initial condition (FE%14)
2. Boundary condition (Gh5:4&1{%)

3. Thermo-physical properties and source term (Fu44H: 55 i)
1-2-2 Physical classification of governing equations
1. Conservative vs. hon-conservative

2. Conservative one can guarantee the conservation within a
finite volume.

3. Conservative and non-conservative are referred to a finite
space

Example 1-1: Mathematical formulation

SEoT-EnT 17/71
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1.2 Condition for unique solution and
physical classification of governing equations

1-2-1 Conditions for unique solution (Efi# %)
Taking a transient heat conduction problem as an example.

1. Initial condition (#J#5%&4) t=0, T = f(X,V,2)
2. Boundary condition (321 53¢ 2% 15)

(1) Firstkind (Dirichlet): T, =T,

(2) Second kind (Neumann): 9s ==4(=")s = Agier

(3) Third kind (Rubin): Specifying (F#17E) the relationship
between boundary value and its first-order normal derivative (;%[55

)

oT
~M55)s =NTe =T1)|  q=h(T,-T.) or q=h(T -T,)

: . wall 1s cooled wall 1s heated
(B, senmrenr For both cooling and heating 18/71
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For the 3" kind boundary condition the only knowns are T, andh'!

3. Fluid thermo-physical properties and source term of the process.
In future discussions, this condition is regarded naturally given.
Third kind boundary condition for conduction and convective problem

Conduction problem Convective problem

y ,

T—.— — — /

P. ! e

AR AN 4

/V

s
h,T.BE%H 2 Al

| BtV (ERS ER,

. E—— .
Fluid temperature and convective Fluid temperature ‘and convective
heat transfer coefficient on the solid ~ heat transfer coefficient on the tube
surface are given to solve the outside surface are given to solve the

temperature distribution in the solid.  tube Inner side fluid temperature
distribution. Lo/
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General expression of the three kinds of boundary conditions

oT
AT, +B(—), =
P on
A=0, second - " ~
Kind boundar - ) can be any
condition g B=0, 1* kind value, including
- boundary 2ero
condition _ D,
\_ /

If both A and B are not equal zero, its third kind boundary condition.
Such general expression is useful for developing a general code which
can deal with 3 kinds of boundary conditions.

CEnTER 20/71


/
/

Pt N

AT E A

FHAEAE HEHREE R ‘\@)

1.2.2 Physical classification of governing equations

1. Conservative (5¢fE&I) vs. non-conservative:

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

. d(pc,T) v d(pc,T)

OX oy
Conservative: those governing equations whose convective
terms are expressed by divergence form(gf fE ;) are called

conservative governing equation .
d(puc,T) . d(pve,T) - d(pc,Tu) . o(pc,Tv)
OX oy OX oy

These two concepts are only for numerical solution.

SEoT-EnT 21/71
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2. Conservative GE. can guarantee (£ff##E) the conservation of
physical guantity (mass, momentum ,energy , etc. ) within a finite

(BFEH/N) volume.
a(pc,T)

+div(pc,TU) =div(AgradT) + S;c,
% J (pc,T)AV = - J div(pc, TU)dV + J div(AigradT)dV + J S, c,dV

From Gauss theorem( 5 Ht J5i 13)

o , Finite volume,
not differential

\_[div(pCpTU)dV :a_!‘/(pcpTU)'ndA volume
| (B BRRNER,
FRERMBERDFTZRESRAFE R A RE SRERD AR BER)

j div(AgradT)dV = j (Agrad(T)) e ndA
V oV
CenER Dot product (4% & 1S H) 22/71
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ij(pcpT)dv =~ [ (pe, TU) e ndA+ [ (Agrad(T)) e ndA+ [ (S,c,)dV
o) ] ) )

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!

grad(T)
= ~T+AT

T, 1sotherm

e G~ T-AT
Uen<0: grad(T)en >0
_U.n>0, heat flows in heat conducts in

SEoT-EnT 23071
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Key to have a conservative form of governing equation:
convective term is expressed by divergence. If the convective
term Is not expressed In divergence form, we can not obtain
the above result.
3. Conservative and non-conservative are referred to (#§) a

finite space (FHFRZZH]) ; For a differential volume (153 %
fH) they are identical ({HZ:/]) . For a differential volume:

ou
0pe,T) 2l T) pe 72 O: o(puc,T) a(pve,T)
OX oy | oy OX oy
Non-conservative By adding mass Conservative

conservation eq.

Generally conservative eq. Is expected. Discretization egs.
_are suggested to be derived from conservative PDE.

CENTER 24171
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Example 1-1 Mathematical formulation

1. Problem and assumptions

Convective heat transfer in a sudden expansion region (=4 [X
1) : 2D, steady-state, incompressible fluid, constant properties,
neglecting gravity and viscous dissipation (KifEFEEL) .

ﬁ[ilziilﬁ— Tin R Ho#aR
L N - - r
—=f | | . -
\H\ii- Solution domain
/////e/| I <*%>_(‘:ﬁ>

A | |
LoD '
o |

Ll
T ek el 2k 2ol 2 HH/—‘/—L/-U.A/.&/ﬁ/

| EEAR |

SEoT-EnT 25/71
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2D Sudden expansion region

By making use of the geometric symmetry (XJ#K) condition, it can
be assumed that solution is also symmetry and only half of the region
IS the solution domain to save computation time.
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FFRALE paiTe(c)
...................... HERELS DT N

_ou oV
OX oy
2 2
Complete o(uu) : o(uv) _ 1 0p : V(a u . 9, u)
set of OX oy 0 OX ox°  oy°
governing " ) 5
equations o(vu) + o(w) = 1 op +V(ﬂ n ﬂ
x oy pay Koy
2 2 thermal
o) + owT) = a(a ! + 0 T) a = L diffusivity

ox oy ox*  oy° PC, (A H#x)
%g.;:r: JJJJJ 27171
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3. Boundary conditions

(1) Inlet: specifying (3) Center line:
(#BH) variations of u,v,T ou ot 0 V=0
with y ; oy o
\ﬁiﬁ% p . | : u:?ﬁ |
] | (4) Outlet: Mathematically the

7 \j\ distributions of u,v, T or their

first-order derivatives(— [ 5%%)
are required. Actually,

4 |
by '
" | numerical approximations must
AV7 ////:W////7////3T/ be made

1

(2) SolidB.C.: Noslip (35%%) in velocity, no jump (#kik)
in temp.

CFD-NHT-EHT
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Can we regard this boundary formulation as heat transfer
and fluid flow over a backward step?

I Lﬁﬁ?ﬁﬁ!‘ I
Adiabatic |
22 |
; | Outlet
A
I
]

Constant temperature

CFD-NHT-EHT
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1.3 Mathematical classification of governing eq.

and its effect on numerical solution

1-3-1 General form of second —order partial differential eq.
(PDE) With two dependent variables

1. General formulation of 2" order PDEs with two independent
variables
2. Basic features of three types of PDEs

3. Effects on numerical solutions
1-3-2 Discussion on the mathematical classification of
PDE

Examplel-2 Cold start-up of PEMFC---1-D unsteady
heat conduction with source terms

SEoT-EnT 30/71
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1.3 Mathematical classification of governing eq.
and its effect on numerical solution

]

1-3-1 General form of second —order partial differential eq. (PDE)

with two dependent variables

1. General formulation of 2" order PDEs with two independent variables

ag, +bg, +cp, +dg +ep, + Td=9g(Xy)

@ is the dependent variable ([EIZEE) to be solved;
a,b,c,d,e, T canbefunctionof X,V,¢

There are three types of PDE depending on the value of (b* — 4ac)

leading to the difference in domain of dependence (DOD, {# i
and domain of influence (DOI, &1 [X);

CFD-M... —...
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<0, Elliptic PR R | ()
2 L .
b —4ac< =0, Parabolic ‘%%ﬂ‘ GILRE)
>0, Hyperbolic |y |

2. Basic features of three types of PDEs

b* —4ac < 0, having no real characteristic line (elliptic type);
(BH L HFRHESR)

b? —4ac = 0, having one real characteristic line (parabolic type) ;

b? —4ac > 0, having two real characteristic lines (hyperbolic)

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.

CEnTER 32/71
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Parabolic

Hyperbolic

DOD

DOI
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haracteristic

T o7 _ SN gr gy Un- | 1aT 107 o |line
7+ —=3=0HC — = Stead T2 2 = A2 %= Non-Fourier
ext oy’ ot > Yaat c*ot? oy e
(ﬂ:ljb:[} C:l) (ﬂ:ﬂjb:ﬂjg:ﬂ) (HZlf’fﬂl,bzﬂ,ﬂZ—l)
1 au +v aH — 1 a‘p H@‘FV% —_ie—p 82¢ 2 a ¢ (ﬂw)
& oy peéx x oy po ey 4‘equalt|on

2y 2u2D N.S. o« 2DB.L.

+V(5x;" " @},Ekq. +Va_y*"* Eq. (a=1,b=0,c=—-C") |

2 2

—4ac <0 b —4ac =0 b —4ac >0 33/71
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3. Effects different math type on numerical solution

pridmpR Ti Hjtl;‘f'lﬁ-

(1) Elliptic: flow with recirculation . e
([m]3#t) , solution should be done
simultaneously([&] i) for the whole 777
domain;

B4R |

recirculation >

(2) Parabolic: flow without recirculation , solution can be done
by marching method (ZB#E 5 7:) , from step to step ,greatly
saving computing time!

U, t=—F— i ﬁﬁﬁzﬁ«vﬁm Uy,

—_— «
—=y | | b ol =0

L s gy R——
Seags SRS SRR Betuee MO

e
CFD-NHT.EHT > Marching method
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1-3-2 Discussion on the mathematical classification of PDE

1. Mathematics only defines different types for 2-D problems.
How to deal with for problems with 3-D domian?

Dividing the domain into many 2-D sections. Each section
consisting of two Independent variables can be classified
according to the above criteria. Thus for a 3-D domain maybe
some sections are elliptic while some others are parabolic.

2. For 1-D unsteady heat conduction, it is parabolic at the time
direction, while elliptic In the space direction. The same for
boundary layer problem: it is parabolic in the main flow direction,
while elliptic in the direction normal to the main flow.

il T Here elliptic means the

— 4 BT e S lint grid points on the same

= A% 0, eNIPUC \artical line should be
<7777 777777777777 77 777777777777

cFO . ... ~ parabolic solved simultaneously

CENTER
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Examplel-2 Cold start-up of PEMFC(IAHIE b4 )5 3h)

---1-D unsteady heat conduction with source terms.
Write down the mathematical formulation.

Single fuel cell

0.1~400cm

200um ~20pum ~100pm ~20pm 200um

S~ T A

0.1~400cm

SR
T Bipolar plate (5011‘3’(*&)

Fuel cell
stack

CFD-NHT-EHT
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With many assumptions ,the cold start—up process can
be simplified by 1-D transient heat conduction with
effective heat capacity and thermal conductivity:

ol 0O oT
(PC,)es = =~ (g =)+ S 0< X< L
ot OX OX
Initial condition: t = -20 C,0 < x < L
Boundary condition: —Z,S—t—h(’[w—tf) X =0, x =L
N
S, =S,+S.. +S,. h = 5Wm*K™
SQ — I2RceII /550’ Sact actI /5sc’ Srec :TAS'I /(2F550)
Ohm heat Activation heat Reaction heat

SEoT-EnT 37171
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1.4 Fundamental (EZAHJ) contents of numerical heat
transfer
1-4-1 Basic concepts of numerical solution for HT and FF
problems

1-4-2 Brief introduction of existing numerical methods

1. Finite difference method (FDM)

2. Finite volume method (FVM)
3. Finite element method (FEM)

4. Finite analytical method (FAM)

1-4-3 Implementation tools of numerical simulation
1-4-4 Introduction to present course

SEoT-EnT 38/71
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[ 1.4 Fundamental (EZAH) contents of ]

numerical heat transfer

1-4-1 Basic concepts of numerical solution for HT and FF
problems

Replacing the fields of continuum variables (velocity, temp. etc.)
by sets (424) of values at discrete (ZE{HY) points (nodes, grids
35 ;1) (Discretization of domain, X 3855 50);

Establishing algebraic equations for these values at the discrete
points by some principles (Discretization of equations, J % & 8{);

Solving the algebraic equations by computers to get approximate
solutions of the continuum variables (Solution of discretized equation,
TR R AF).

SEoT-EnT 30/71
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S A 7 R B R Establish governing egs. and I-B conditions
l L .
L A ) X B 1 5 B Discretize (5511) space and time domain
; e . .
N 2 P 6 O Establish discretized egs for physical variables
t L . L
St MR B B 5 Set initial solutions for iteration
SRARITHE S A EOs -(césﬁw%ﬂSolve the algebraic equations
24k In)
U7 )i PR | — = e Em = -
(Lt R0 aes [
SR A AT BEL? S - . \
I Iteration (GE£X)
: L ) 5 | DrocCess |
L I I I I I I [

| BUrLfFe i 53 B | Analyze the converged solution
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1-4-2 Brief introduction of existing numerical methods

1. Finite difference
method (FDM)

2. Finite volume
method (FVM)

3. Finite element
method (FEM)

4. Finite analytic
method (FAM)

CFD-NHT-EHT
CENTER

AR 438:: L F Richardson
(1910), A Thome (1940s)

ARAEMP:: DB Spalding; S
V Patankar

EFRtE:: O C Zienkiewicz;
M B (Kang Feng)

AR HEE: BER{4(Ching
Jen Chen)
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Comparisons of FDM(a),FVM(b),FEM(c),FAM(d)
|
o +
FDM o TV a5t FVM
BRZED 1E 5 ARBER
FEM - 1 At FAM
ARRIT Y Tt =T BROH
All these methods need a grid system (W% £ %t)

1) Determination of grid positions; 2) Establishing the
Influence relationships between grids.

CFD-NHT-EHT
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1-4-3 Implementation tools of numerical simulation

1. Adopting commercial software

ANSYS FLUENT, ANSYS CFX, COMSOL, STAR-CCM+,
In this course FLUENT will be taught and applied to solve problems.

2. Using open source codes
The most typical one iIs OpenFOAM (Open Field Operation and
Manipulation), which was initially developed by some researchers in
Imperial College, London. An introduction is given in the textbook.
3. Developing proprietary (H=E) software is of great significance.
When the world‘s first commercial software PHEONICS was
released, it was prohibited (Z%1F) from selling it to communist party
countries like China. Many Chinese researcher have been hardly
working on this regard. Hyperflow, PHengLEIl and MHT are some
examples developed by Chinese researcher.
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Numerical heat transfer is the fundamental discipline for developing
various industrial software related to thermal phenomena.

\

4
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1-4-4 Introduction to present course

By RS B R B AN

BIE R
{%&ﬁ bl |
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1.5 Role of numerical simulation and stories of Prof. Kang
FENG and D B Spalding

1-5-1 Three fundamental approaches (7#:) of scientific
research and their relationships

1-5-2 Irreplaceable (A~ T] & 4XAY) application examples

1-5-3 Story of Professor Kang FENG in developing FEM

1-5-4 Story of Professor D B Spalding in developing CFD
and commercial software

1-5-5 Some Suggestions for learning the course
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[ 1.5 Role of numerical simulation and stories of Prof. Kang FENG]
and D B Spalding

1-5-1 Three fundamental approaches (J53#) of scientific
research and their relationships

1. Theoretical analysis (Analytical solution)

Its importance should not be underestimated ({f{#&). It provides
comparison for verifying(3&E) numerical solutior-

Examples: The analytic solution (>4 &) of
velocity from NS eq. for following case

u nir, J1-(r/n)’

u_lzl—(rllrz)2 r/r,

SEoT-EmT -

, U, = a@r,
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XIAN JIAOTONG UNIVERSITY

2. Experimental study

A basic research method: observation(W{ %%); properties
measurement; verification (47i) of numerical results

3. Numerical simulation

Numerical simulation is an inter-discipline (32 ¥ %= #}),
and plays an important and un-replaceable role in exploring (34
ZZ)unknowns, promoting ({f££) the development of science &
technology, and for the safety of national defense C[F [}jjZ¢4:)

(FRERHM, RHBERER, RILERRE) -

With the rapid development of computer hardware
(74, the importance and function of the numerical
simulation become greater and greater.
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commercial software-PHEONICS as the one which was not allowed to

sell to the communist countries. The prohibition (224) was

cancelled (EZJE) in 1990s.

Complicate
d FF & HT

Atoms &
Molecules

CFD-NHT-EHT
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Science

Numerical
Simulatio

National
defense

49/71


/
/

S ETERL A FE 5 AR
@ THRELY HEHE SRR

1-5-2 Irreplaceable (A~ 0] &1CAY) application examples

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

Cloud Atlas sent back by a
Large scale vortex meteorological satellite

SEoT-EnT 50/71
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Example 2: Fire hazard prediction ({£=EAXRBETTN)
NIST

Time: 0.1
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Example 3: Fire Prediction in Olympic Stadium Design (B&iz17
B R AR TR

CFD-NHT-EHT
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In the design of Olympic indoor
swimming pool : the seat material
can not meet the high standards of
fire safety requirements. The
Olympic sports meeting Is about to
be held soon, and it's too late to
make the change.

What can we do?

By numerical simulation!

53/71
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Taking two places as the source of fire . By simulation to reveal after
certain time, say 15 minutes, of fire break out whether the
audiences can still ran away safely from the natatorium(GiFikig) .

SEoT-ENT 54/71
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Visibility of the smoke after 900 seconds (900#} )5 < BIBE WL BE)
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Temperature distribution of smoke in the auditorium after 900

seconds.  (900Fb WA [T AR BE 49 A% )

CFD-NHT-EHT
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Example 4: Simulation of breaking dam (;533/1)

T e
|
Evolution (i#74F) process of interface P
Base radius vs. time
CEnTER 57/71
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Professor K.FENG
developed very strict and
beautiful mathematical theory
of finite element method(FEM).

He was not married for
his whole life, and devoted
himself to the innovation
of science & technology In
China.

The year of 2020 was the 100t birthday of Feng KANG. A solemn (£ )
commemoration (Z£%>) was held in the Mathematical Institute in Beijing.
AR BTEFEENZESED U] EARFEMITESE,
1965,2 (2) : 237-261
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1-5-4 Stories of Professor D B Spalding

were to be released in a city?
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In 1965, D B Spalding (1923-2016) served as a professor of heat
transfer at Imperial College and was in charge of the "Thermal
Fluids" department. Later, this department was renamed
"Computational Fluid Dynamics Group" (CFDU).

In 1969, Professor Spalding founded CHAM (Concentration,
Heat and Momentum), aiming to promote the research results of
their team to industrial applications.

In 1974, CHAM moved out of the school and established a
company in Wimbledon, London, mainly providing consulting
services for the industrial sector.

SEoT-EnT 61/71
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In 1981, the first commercial version of PHOENICS by
CHAM was released. It i1s an abbreviation of the series of

Parabolic Hyperbolic Or Elliptic Numerical Integration Codes,
Indicating that the PHOENICS program can be used to simulate
and calculate for any flow and heat transfer scenarios.

PHOENICS can solve following governing equation

o(pp) 0 (

ot OX,,

0¢
Ugp-T,— |=S
pUg-T, 8xk) y
Users can independently make choices regarding the

discretization methods for the time term, the flow term, the diffusion
term, and the source term.

CFD-NHT-EHT
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PHOENICS is the pioneer of CFD commercial software. Most commercial

CFD software today can trace their origins back to the work done by Spalding
and his team.

In 1988, Spalding retired from Imperial College and devoted himself
entirely to running the company. Over the following three decades,
PHOENICS gradually became widely used in various industrial sectors. At its
peak, It had agents in 25 countries and regions such as the United States, and
held regular international user conferences and published journals.

n 1985, it was listed by the Western European Community as a product
subject to an embargo(Zi=gn) on Communist countries.only in 1993 due
to the emergence of the heat transfer and flow commercial software market.
Subsequently, the PHOENICS version was introduced to China. In 2007,
when this group initiated the Asian Computational Heat Transfer Conference,
Professor Spalding actively supported it and came to Xi'an to attend the

(5, SeRadiEEthg. 63/71
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Spalding presented the 15t ASCHT (2007, Xi’an, China)

Prof Oteha
USA NSF

Kawamura Prof D B Spalding Prof N Hur
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ASCHT has been held for 20 years.
In 2007 | initiated The Asian Symposium on Computational Heat Transfer
(ASCHT). Professor Spalding was L
Invited to attend the conference. j
It has become an international
conference and is held
every two years.

ps B %

" 2013 The 2023-ASCHT

g4 5017 Wwas held in Saudi. 22 of my

2019  group students attended; 2025-
ASCHT was held in Wuhan. Next

cronmTEHT 2025 year it will be held in South Korea. 571
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Entering the 21st century, due to the emergence of many flow and
heat transfer software, as well as certain deficiencies in the
PHOENICS software framework, its share in the software field
gradually declined ("Fp&) .

In 2016, Professor Spalding passed away. In 2023, Zhongwang
Company purchased 100% of the equity (#7=) held by Collen

lona Spalding for 5.55 million pounds from her, thus bringing an end
to the CHAM company.

However, the role played by Professor Spalding and his team in
the development of computational fluid dynamics and computational
heat transfer has been recorded in history.

CFD-NHT-EHT
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Some more information about commercial software

In 1983, Jim Swithenbank and his team from the University of Sheffield
In the UK developed FLUENT and launched it to the market. In 1988, the
New Hampshire-based Creare Company in the US purchased FLUENT
and renamed it Fluent. In 2006, Fluent was purchased by ANSYS.
19834 X [E Sheffield XZ Jim Swithenbank F1B Y FBA F %
FLUENT £z, 19884 £ ENew Hampshire Creare /A 5] 3E
T FLUENT, 2% Fluent. 20064E Fluent $#{ANSYS X,

Recently, ANSYS was purchase! by Synopsys, which is a major company
specializing in electrical component design. Heat dissipation is currently

the key to improve the power output of electronic devices.
BRITANSYS#Synopsys I, F&EZMBER/FEITHALAE, &
AL E R RSN RN KR

CFD-NHT-EHT
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From the above brief development history, It can be seen that
software for numerical simulation of heat transfer and flow
not only has the characteristics of a commodity(& du) , but
also, due to its significance, serves as a tool in political
struggles. As graduate students of a research-led university, one
must master the basic knowledge of numerical simulation and
cultivate (1%3%) the ability to develop simulation codes.

MR %R JEE"ﬁJi_IJL., KERRDBERENSREHERAER
e am AY HETEH, t2—FMEGEISFITR; /EAfx
il N 1= 0T ) e -M‘ﬁﬁéﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂ%, HizFECH LI
BB S
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1-5-5 Some Suggestions for learning the course

1. Understanding numerical methods from basic characteristics
of physical process;

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

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

4. Trying hard to analyze simulation results: rationality (& ¥
and regularity (G821 ;

5. Adopting CSW(i [k #F) in conjunction with (5....454)
self-developed code (5 H i FHZE ).

CFD-NHT-EHT
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The following words are presented in the PPT of this chapter. If you
are not familiar with them, please use Al to confirm their meanings and
pronunciations (in the order of appearance)

formulation:
unique
component
enthalpy
nominal
scalar
gradient
conservative
divergence
guarantee
Increment

CFD-NHT-EHT
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adiabatic
variable

elliptic

parabolic
hyperbolic
characteristic line
domain
recirculation
marching method
consistent

fuel cell

discrete
dicretization
proprietary
significance
Irreplaceable
theoretical
Inter-discipline
recirculation
verification
defense
explore

hazard

stadium

dam

evolution

devote

embargo

decline
commodity

In conjunction with
regularity

theorem
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ARHAMTHAE: hitp:/nhtxjtueducn SR

Teaching PPT will be loaded on ou website

The pdf file will be posted at our group website and WeChat group.
P .
/] A H iR
oG (774
& 1% E !
People in the

same boat help
each other to

ﬁj’ross to the other
. ank, where....
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