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Navier-Stokes Equations
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Navier-Stokes Equations
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[Pressure Distribution]

FLUID FLOW
PRESSURE , Nj"2
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[Velocity Distribution]

FLUID FLOW
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S A} (Radiation)

Conduction Convection

CH= (Convection)

2 & (Conduction)
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Conduction through a solid
or a stationary fluid

Convection from a surface
to a moving fluid

Net radiation heat exchange
between two surfaces

T, T,>T; T,

L ||

»q”

Ts> T

Meving fluid, T,
ql’f

f

W

Surface, T;

=
30\‘ Surface, T,
q?,,x 1\\T/

qz:t+_

Conduction : Molecular interaction

Convection : Fluid motion

Radiation : Electromagnetic wave




e HAME - 2|09 H&l(Fourie's Law)

103?7)6}; lj(;g)rier Qx x g -At-A ]
£ Th heat flux AT =T, — T,
Q,
©Q, AT AT
A %= 28 S ax T Fax Dims) = W/m?)
., oT
Ax Tc Asdx = 0, 9x = _ka
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k : thermal conductivity [W/m-K]




sodium (I) chloride

Phonon (lattice vibration)
: Oscillation of atoms about their
various positions of equilibrium

Conductors.. <> Dielectics
: Free electrons
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Zinc Silver Material W(m.K)
PURE METALS
Nickel Aluminum Diamond 2300
; ALL_OYS Copper 401
Plastics Ice Oxides
NONMETALLIC SOLIDS Gold 317
Foams Fibers .
INSULATION Aluminum 237
Oils  Water Mercury Iron 80.2
Carbon LIQUIDS

dioxide Hydrogen Glass 0.78
GASES Water 0.613
Hunman Skin 0.37

0.0 0.1 1 10 100 1000 Wood 0.17
Thermal conductivity (W/m*K) Air(g) 0.026
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<Natural Convection> <Forced Convection>
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<Natural Convection> <Forced Convection>

Warm

Fan’s P-Q characteristics and the operating
points depending on component density

P low component dansty P high component density

Air pressure

https://www.engineerlive.com/content/design-system-cooling-using-dc-axial-fans

https://slideplayer.com/slide/16931023/



https://www.engineerlive.com/content/design-system-cooling-using-dc-axial-fans
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<Natural Convection> <Forced Convection>

Maxim MAX2509
bits-to- RF trarsmitter

Sagem Hilo
GSM/GPRS  Sagem TCXO
M2M Module  (Temperature

(on reverse Controlied Xtal .
side ofboard) Oscillator) oven Skyworks SKY85120-21
- 1S 20 pawer amplifier

Antenna

Maxim MAX2547
RF-to-bits radio receiver

XIUNX Spartan

XC3S1800E FPGA

SDRAM (69MB DD R2) e PicoC hip PC202
= multi-core DSP

Pawer switch Lattice MachXD

LCMXOB40E FPGA
Ethernet (RJ-45) port
GL28BP11FFIV2
h

Spansion NAND flash

NOR Flas

[T
Tangn

Marvell SSEGC31 3-port
F ast Ethernet switch
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<Natural Convection> <Forced Convection>
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av 2 ov 2
p(a+(V-V)V)=—Vp+pg+,uVV . . P —t+(V-V)V)=—Vp+pg+,uVV
— mx + cx + kx = F(t) A S —
Unsteady Nonlinear 2 Order PDE . Unsteady Nonlinear 2 Order PDE




A=A (Continuum) sljA10f| CHst O]5H (CH=0F 445l A)

=2k HZHEZA Al

Navier-Stokes Equation

Du dp
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Dv ap
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0x? 0y? 0z2
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0x? 0y? 0z2

© S HFZ Al

mx + cx + kx = F(t)
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15t Law of thermodynamics
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AlZ|Si4E . B E Unknowns/Equations SA| A|At
S e

Meterial plor V), T,P Conservation law
Kinetics aij (91 = i) { b :-":‘...
Kinematics w or v (= w) g
State relationship P = (1P
Differential Integral P U('/' = C(’jkl Ekl
smln-.duplutmonl Comoa!lllbtllvy or Dijkl ékl
E,‘j or EU
CAE : A|4t0] 7}=5t HE =2 132610] C}F 0} =2| 51440 CHSE H A[5H A
1. AAIIA QAFE HA 2. GA0| Of3F 2.5 B3} A 3. 25 ot ZoLMM ZE

av
p (E-l- (V- V)V) = —Vp + pg + uv?v
\ﬂ_’

2" Order PDE

pCv(z—Z+(u-V)T)—V-(kVT):pQ—pV-u mx + cx + kx = F(t)

Unsteady Nonlinear




Answer




2|
3|

to

HEA




HABHA A Eo]e] T =]

Er20Fof| Chst HIOE{S oA M

o= a

Navier-Stokes Equation

Du
Pt~

Dv__
Poe =

Dw
Ppr =

__a‘l'pgx‘l'.“(

_—E+sz+,u<

[FEL1ZIPY

op

op 0%u

0%v

azu_kazu_kazu
0x? 0y? 0z2

_@‘l'pgy"'ﬂ(

op 0%u

d%v

N +62w
0x? 0y? 0z2

N +62w
0x? 0dy? 0z2

st 74017127

—

S S HF Al

mx + cx + kx = F(t)

WERIIEET N
1st Law of thermodynamics

pCv<%+(u-l7)T>—|7-(k|7T)=pQ—pl7-u




— (=] - A
7| AIZOF Aol A= %let tHa TfctO|E
=8 s 012 i
_ ] p(at+(v V)V) —Vp + pg + pviv
S =51Ad U, Vv, w, P <= p i, g v e ot ot
l ...... UnSteady onlinear
A 2 CEFSH A .....?- C C 6_T+( T |-V -(kVT) = pQ —pV -u
El_EOH—I T e P, U, v,Q ply( 7+ (u =pQ—p
l .....‘
‘ -+ R ol M ‘ X, X, X ®=wrmermees m,c, k, F mx + cx + kx = F(t)

z|Hst 2 A Weight







Cl0lEf HE

44 (Node)

ZIHE (Position)

Aldl (Experiment)

A B0|E{S 285 B0fE] A

CoM 2 LY BHOI0E =/ CF

E Mo
)

: Interaction 7|s, sHM 2 &, 21}

2T 7|4 Gl0|E| H7+S E5t HlOjE| 29

QF CoO|H, 24 2HEE S

SAY, As/25E S 0|E

oln o|:o




ﬂ

OIE MY I3t HHE (LHHALE

h

e i=l= R jnie = Ok SHAd
43 (Node) | - oH—.Eé L A .:HI_OIE1 o-rr/':f-.'_-(_)F off A4 SW
" Interaction 7|&, M2, dltEHet &
27| (Air @200%) Z0|A (Steel @255) ‘A2t (Water @255)
—— = mX + cx + kx = F(t) o )
Unsteady Nonlinear 27 Order P‘DE . Unsteady Nonlinear 2" Order PDE




ul-l:l-l% (?EI |:||-A|-%I-)

ClOoje] M= sl &

CENAM OO L A Do SOk S Ad
3 (Node) | - OH—.EE. Lf & .:'3|_0|F—1 57/ Iif-.-_-<_3lt SHAd SW
" Interaction 7|5, sl& 2=, ZitHE S

Q) e o] SR A HH] At
G
0.001 sec
oE|S 29y ([ i
0.005 sec

X8 H§ J0|S2lel A & T

88 B4 (CFD)

HoIZRO RS TEIZC AHE e GTIaNA

nEE Z2 nEIZ 2R

Brake Fiuld Temperature

SENA 0l

40 et O} 7 UA
(A0 A S0jE 20N WS A B0H

W a2

LED RE GO B3 E M) 18 BE WA SENE i i Lide b
i~
B om
Ry = " st tivreios
I 4 : 1
: —
Uz ="
(5058 } e
[/
et 914 et 08 Y

0] 25 0 RN (N 48)

HA S A 40 S M MY B R




ClojE] MES slet WEE (LTS

A2 L AAG0|E 28

Y ~
ic

. Interaction 7|5, A2 E,

FRTS— midaS N FX - FSl o A 3H MM Zjl g.l zF
S Fsl RIE(H O]~ % | [=70%= rsio= - X
onees |0 B SO 54 (22
B L= == H .-"“-I-.-"‘J-EH = EEH A Fs1 H|0f [FB)
et OIF [FrAHA S sssxzz Ead oo oe = Het B 23 5o B
1 ER T :‘: o = | ;I;” 9 o
=902 Pag| SN AR OW Y IR W08 N9 R =] s TTe= #of |8 ol 18
s g HE
e g (=
CFD
GuEs  masw v - e i“‘ Fal 2R O] 2
P a SEHA (B
(= e | $ 7522 =l @ SHEE g (L) (R f.*lé.‘jg*EH asH4
gL BEEIE 2
- S D EEHAY By TR e [
GuZs  pase v B === - T IE{B 0] %
Z H= ¢ EﬂEl.x A (E ARAEH Y (T )
s T Fl QEHDIA = : = HIAY TA e e
HOIE HE (RESTE) 3 1= 3
[ e Oaes = u] . =S
— —— — o = FSI 2IE{H 0|2
- - M BHER A
R HlE o (B
EEES =
S E E5 HHAE HEGlA -
<6 D= T IE{E 0|4
]
I / NGIES H=
1 0 % _',lé-! _',% 7] I_I
9015 BT (RE-2E) g H=E
L SR o —
= / 1= S FSI QI H 02
&= e ETS =g P =g

YeY R4 FIUSAAD bt 4 S S TR (4N 48 M A8 4| 40 SseM M HH B8

MiDAS




SNEEEERE

dHE= (g

| -

44 (Node)

SRS L BEI0lE B

o] SR A HH] 2At

YN8 HF VOISRt HH = F

B CS

0.001 sec
0.005 sec 80 Ml o§E M UA
(0 TN A 0|E| A0 0T B
= om
§ W TR IR
y 0
= [,
=
>
e

30

. Interaction 7|5, A2 E,

/ CHEOF 34 SW
IS S

RELELET LE ]

o0 e
B omg e U0

A re

e

ne o o
o

TR
3
un

3]
[1{H]
o
ujn

14

k=

midas NFX - 3jM 2 & 2IHE=)

LHE| S =f4
a4 AlZH
AR5

@ *tE AT THE

e fe
o
IC  nR o
g ,ﬁgm!
Ho ol -
=
re

a2

0% pR
B o
i

o0 00O
i

=
[ =]
|

TH &

152X HHEIE

]

1000

(]
(1=
an

BQ  EQ EQ
oo oo oo

417 an




ClOoje] M= sl &

| -

44 (Node)

<{midas NFX SW L Cl|O|E{ 2 &)

B L zEm

EREE x

TE vi vz V3
1 J1.1772e+002 |
2 1 1813e+002
3 1 1811e+002
+ 1181224002
5 J11802e+002
& J|1.1806e+002
7 1181084002
& Jl1.1816e+002
5 Jl11810e+002
10 118054002

sEdE [EEAEr U

] =0l e

[DATA] HS%, JUE SiSCTLLER (B), INCR=1 (LOAD=1.000), [LNIT] H, mm

FRSM (B, [UNIT] N, mm

NODAL DISP




3HUYE (e

GIOIE] MEHS I3
mpo|Z HiC|  LY/QIE B7| 8E

DZH7| OO0l 27t2 St H0|H 37
mx + cx + kx p<aa—v+(v-v)v)=—Vp+pg+yv2v
: 2 Order PDE

. 9.|—|— E”OlE-II OI /\I 24 7|-E|:-|| —
( ) U Nonlinear
@steady




Cloje] M=

ZIE (Position)

SHEME

s TEE2Z2

=

EAERY

TEESE(EEHEAS)EEA

ayEy
= ==
(= 32250971 Gt =R
S BE AH R
X {mm) Y {mm) Z (mm) Vi

-12600.0000 | 12400,0000  2780.0000 982,000
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-6920.0000 47200.0000  936.0000 10500000
-6920,0000 47100,0000  1270,0000 10400000

-606.0000 | 48100.0000  554.0000 10100000

-677.0000  43100.0000 -545.0000 1150.0000
-6980,0000 47100,0000 -1330,0000 10300000
-7270.0000 47200,0000 793,000 10300000
~12600.0000 | 470702000

-12600.0000 465
-12600.0000 | 470 X {lTllTl}

-12800,0000 470
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-12800.0000 470
-12300.0000 | 470
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Tracker Moment (GC u.rvae)
Load Chord ions
Type 2 3 5 7 8
101 080 093 085
" F 104 078 -127 -084 -0.80
H s 047 03 023 028 -024
T 04202 -026 03 -033
g [ s 015 on 031 o2 on
£l s 0 o0m 06 T
= H 075 081 056 100 043
8 143 113 119 128 153
<110 -0.85 -055 -075 -0.68
& 091 -0.60 -0.40 -051 -0.45
;| 3 an o on 015 1
< 020 01 012 007 _-008
- 205 00 207 oar oo
£ & 0 02 a1 01 013
H 0 o0 026 0z 01
= GCha 155 078 042 025 029 021
Figure 7: Load cases, tracker moment, 20° tilt
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TEMPERATURE , [T] 7;' i | = 4 TEMPERATLIRE , [T]
+1300,00 NL K1 g +212,79 = o
77.7% = —_ ,1;,‘;;20854 :
. +. B
120 2216 7 3.6% %
+1156.31 0430 o
3.0% 12.8%
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+1012.62 158 o
2.0% %
= 404078 Y DT
0.8% T
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Meterial p(or V), T,P Conservation law
Mass
Linear
Kinetic 0 (07 = 0y Moment <
netics i ( tJ ]l) { mentum Anguter
Energy
Kinematics u; or vy (y‘- = u‘)
state relationship 2 = f(7, P)
Difterential Integral
eders e Constitutive law 0 = Ciji1 Ex
Strain-displ. c :
relationship equation or Dijkl skl

EU or é,‘j
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Mechanics 5|&A| (none) Thermodynamics
Uncoupled
- Stress olalat 0l 21l (1. - Temperature
- Strain =32 27 (1-Way) - Heat Flux
- Viscoplastic Strain One-way Coupled -Energy
- Displacement ok7] G| (2-Way) - Entropy
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SHELL STRS
VO MISES TOPfBOT , Njme~2
+213.94
0.0%

0% 085 072 A7 104 0% -084 07
2093 081 0% 066 083 QM 075 07

A 7| Eo| HAHBE |

+196,11
0.0%
+178.28

_+160.45

Perimetes Rows

078 046 037 035 050 034 034 031
113 078 065 05 085 0X 06 058
1% 107 091 0M 115 105 092 OR

i1 103 o i 1 0
0% 02 012 0% 028 03 02

S 065 00 Q1 023 020 016 01

0% 027 0N 003 -013 00 -005 -005

057 006 002 0 -004 000 002 -001

Interior Rows

Downforce

081 061 04 025 0235 031 03 0B
091 0S4 035 017 019 020 02 01
088 03 018 006 008 005 003 002

O8f 017 002 002 003 008 010 -007

I 551 7R 1 (ARIIE SO0 ) (mi)

14263

+124.80

0%
+106.97

Wind
Direction

77777T7T7777777 777I77777T7777777
G = 0613CKKM 9 4085 1x0.
K = 085 Bosure | Q = 77 N
X 100
z = 150 m G= O08
v 2500 s
K= 08 P = GGG 2
|
Wind Direction, y=160"

Clstructed Wi flow,

Rib £

Rib 4t &7t

1213.94 MPa » *165 MPa ...

— o e e = =

124,29 MPa { *165 MPa ... O K.



H|AA s AH - 2ot H-EA 7 2o6Y

® General m Modeling
- Situation .
RIZISS 2 Al Glgol OHE AT At sas
S e Dead Load (AIE)
Earthquake Load

——spactral Response Accsleration, 5a (0.58)

Procedure Governing S Fares . .
(ASCE 7-16; KBC-16) Equation « Consulting Solution
LHZIof chet S 30 MY B4 = o
MMl AleM HE

S o T

—— spectral Respanse Accsieration, 52 0.3g)

o

I « @oLEy
Equivalent Lateral AISC-ASD (Stress Evaluation)
Force (ELF)

Procedure
(S7r8 =8l g

Acceleration, Sa (g)

Period , T (SEC)

+ 600-SI-INF-001E5 0| 8% SEHAHEH &}

- + Stud bolte| 2
o alysis _Flelds _ Smo my = A
r Static Analysis m Results ijjiEAcé o F
. Soe se Spectrum Analysis -=

Modal Response

Spectrum Analysis F—S.M S Stress evaluation ]

%Eiiﬁ*‘ﬁ E.:*.aﬂ*ﬁ* 2 i
To Ts 1.0 T T (Secj -
.
0N G 136,59
s
Uy ks
. 0. nm
Seismic Response MU, N .
ot

History Procedure = MU+ cU o Wi - -
0
(SEEHA 3 + KU -0. 15222
= t (sec e

AlZHo| 23l &) 0.4 . ‘ . ‘ . ( X )

0 10 20 30 40 50 60




H| | SAAL] - @BZ HBA| LR A

- Situation m General m Model
TAE Lifting A 0| SA| FXROHEH
%‘E + Km/h

T seq,

* Consulting Solution
2l= g =AU0j| thet T x84
a7t5/445 2U0Mel T84

TEUS B U e 2y

Corner casting

v

* Analysis Fields SEA AR 2H K|
- MY RS (Linear static analysis)
- =S EsHA (Transient response s stes
VOM MISES TOPJBOT , Mjmm~2

m Results

analysis)

SHELL STRS.
WON MISES TOR/BOT , Nfmm”~2 .

0.0% 0.0% 0, 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 100,0%
+235.52 +196,26 +157.01 +117.76 +78.51 +39.25 +0.00
+215.59 +176.64 +137.35 +88,13 +58.88 +19.63 #

[DATA] 21, SHEHSNY, INR=0(LOAD=0.000), [UNIT] N, mm
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Wind
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1.5 —»25
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ot
N'/Dx
0.8
0.6 ———
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0.2 V
LE- 0
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o e gy
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H|HAA| sH A A - 7Soll A

FLUID FLOW

VEL. XVZ, misec
+70.0
+64.2
+58.3
+52.5
+46.7
+40.8
+35.0
+29.2
+23.3
+17.5
+11.7
+5.8

+0.0

[Fluid velocity distribution of the mid-section]

[Fluid path]

Eigenvalue analysis result Resonance
frequency
(Hz)
PERCENTAGE MODAL EFFECTIVE MASS 5
Mode number ~ X-dir. Y-dir. Z-dir. Resonance "

Freguency

1 0.00% 0.00% 0.00% 13189 Hz 15.0
2 30.44% 008% 0.00% 21126 Hz

3 0.12% 17.64% 0.03% 21953 Hz 120
4 001% 002% 0.00% 23495 Hz

5 000% 59.45% 004% 38515 Hz 90
6 001% 003% 64368 Hz

7 005% 9a11% 743% 7.5981 Hz 60
8 39.91% 001% 002% 80957 Hz

9 000% 000% 0.00% 9.9566 Hz 20
10 000% 212% 2052% 105746 Hz

" 6.08% 000% 0.00% 112883 Hz 00

12 561% 000% 069% 13.4688 Hz :
13 298% 000% 164% 13.8034 Hz
14 000% 003% 006% 156218 Hz
= 5% mode shape (Y-dir.) * 6" mode shape ( )
L L

Resonance frequency : 3.8515 Hz

X-direction

Y-direction

Z-direction  m—— —

Resonance frequency : 6.4368 Hz

2nd resonance frequency : 2.1126 Hz
&h resonance frequency : 8.0957 Hz
23, f, 43

10.4H:  15.6H: 20.8H:
319 resonance frequency : 2.1953 Hz
5t resonance frequency : 3.8515 Hz

Mode number

= 8" mode shape (X-dir.)

Resonance frequency : 8.0957 Hz

: Resonance range

: No resonance range

6'" resonance frequency : 6.4368 Hz
10" resonance frequency : 10.5746 Hz

5 23,
125H: 162.5H:
2131, £ 3,

= 125H: 162.5H=
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FLUID FLOW
VEL. XYZ , mfsec

+35.0 —
HH E5l= - 24 Aq
:z; ‘/ 48"“ - S |'3 o= 2 } s ‘/ 7E:|1|- —E—MI
+188.000
128a O e
i o - MZI B BA EHE L ss4008 W] 58S
+20.4 T 1A,:Hl.Uto N
+17.5 Py (188MPa) =2 51‘.0}5 A
+109.667 i s
g e - 120l E7|=! Bracket, Stringer-C 0f C5H0] nt=3t 8150]
+11.7
+8.8 -

of MA|EHS| DA} HiEt 5150

<Torque tube>
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VEL. XYZ , mjsec

Point 6
X-Dir. Force @ P10
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. M A
4536 WM TG 59555544

FLLID FLOW
PRESSLRE , Mime2

+317L77
OO, eotsizs
i h
0.8%
+1860.75
5.7%
L0523
28,

- Fl549.77
i

Y-Dir. Force @ P10

oF oF o o o
T T

P S o S g o

Z-Dir. Force @ P10
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TEMPERATI.RE m
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- +1228 16

125
- +nss 3t
- +1034 47
3.1%

+1012 62
2

”4940.78
0.8%

+868.93
0.4%

+797.09
).3%

475,25

+653 40
)

" +581.56

450071

0%
+437.87

QN EHRE
R

NODAL THERMAL
TEMPERATLRE , (1]
—+212.79

? +zos 54

20430
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[DATA] 20Mm, DRSS SE) A (R4,

SEAHH 7| 2ot

CFD : INCR=0001 (TIME=0.2), [UNIT] M, m

HEAT TRAMS
TEMPERATURE , [T]
———+8. 26847e+002
0.0%
|- +7.6002Ze+002
0.0%

| e 320224002
0.0%

\Z6381e+002

5.59561e+002

0.0%:
+4.92741e+002

| ++4.25921e+002
0.0%
| +3.59101e+002
0.0%
——+2,92281e+002
0.0%:
| +2.25460e+002
0.0%:
———+1.58640e+00Z
0.0%
|——+9.16202e+001

100.0%
+2.50000e+001
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Z-1X 1-Way A

HA Ar2d]

Anchor

Brake lining

A H9 Brake Fluid
o4 &2t 2= 237

, Web

~ Hub

Bearing

Piston & Cylinder Brake
cy

Brake Fluid Temperature

300
270 ||™= Drum Input Temp.
240 == NFX Output Temp.
B 210 Brake Fluid
E 180 2 233
& 150 : -
& 120 — No. Fluid == (Dry) Zod(Wet) HEAF
- ] 1 DOT3 205C 140 C Z 283
/‘-—
] 2 DOT4 230C 155°C the 18 S8t
0 300 600 900 1200 1500 3 DOT5 260 °C 180 °C ﬁEz 9'-
Time (s)
% Vapor Lock : 22[0]|340] Z=AIA| 2271 &5510] 421 7122 Q15 22§|0]3 4&50| A5tEl= 4
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-1 1-Way Gdalld At

2337|144 2 Data - AIHE SEBB}

508 g wa
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Condition Input data Max. stress on nozzle(2|7| 2= 25%) Max. stress on nozzle(2]7| 2% -10k)
1) SIH2E
:366.41 °C
Operating 2) Gas side 2
Max. :504.38 °C
3) FUHEN 2z
: 247.00 °C
1) S/HEE
:234.91 °C
Operating 2) Gas side 2%
Min. £ 504.38 °C
3) FUHEN 2 f
:247.00 °C #16 nozzle : Max. stress : 287.07 MPa(316.64 MPa)
£ XA _ N i Life time
27| Sass | duSs | sumn [m=essm | | | || osss | Fatioue (years)
ecxH s =°55 =co Sqr (MPa) Sps (MPa) ek f S.i (MPa)
1. max (MPa) | Stmin (MPa) cycle 3.53|/hr | 53/hr
25 485.82 22942 256.4 390.0 1.0 17117103 217.94 1.43.E+04 0.47 0.33
-10 545.41 287.07 212.7 390.0 10 | 1.7 (1.7 103 219.59 1.40.E+04 0.46 0.32




4

il
02
!
N
>
m
JA
oo
>
1=

et
S

S

s
St s

S5l

25 MO 25 ¥E

LT C e g FUL T
WHAE TR Y

<ALT-1>

0.0%

491820264001

100.0%

+2.500008-4001
z

k.

Temperature distribution Deformed Shape
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Try to be an engineer, not a technician
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Thank you
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Call: 1577-6648

E-mail : mts@midasit.com




