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Adiabatic (without heat transfer) Diabatic (with heat transfer)
Single-component Multi-component
(Single substance) (Two or more substances)
Single-phase Multi-phase
(co-existence of vapor/solid/liquid)
One-dimensional Multi-dimensional
(e.g. pipe flow) (e.g. flow in a large pool or tank)

Transient

SRR =S (change of nominal parameters with time)

Laminar Turbulent
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v Force (&) F =

ma =[kg]-[m-s~]=[N]

v" Pressure (=) P=F/A=[N]/[m*]=[Pa]
o Oe EE g Rl o

a
|

CH7| 2 (atmospheric pressure): SHi4=30f|A{ 2| 2=
- 10132.5 Pa = 101.325 kPa

0.101325 Mpa=1.01325 Bar
1 atm = 760 mmHg (Torr)

14.7 psi (pound per square inch)
1.033 kgf/cm? (kilogram force per square centimeter)

1 m2 column of
air (mass = 10% kg)

Gravitational
force

1 atm press!
at surface

—

15, — Barombire  Fig. 876, — baroméire & vuvetle et sa pointc,
i ol



« FHdYe 8 EHFL 7|2 H
v Pressure (&)
- HSE Y 2T U
- 150 atm = 7 MPa = 7 psi

= Head (=

), pressure head (X8 +=5)

- QHZ 5719 27| &O|=2 =hitot 4k
- EBI 45 B A ASE.
- Tatm =10 m

Vi1 Light horizontal multistage centrifugal pump

TYPE €M4-30 ( (
H.. 28m H, 22 m Q. 9m/h PH 1
240V 50Hz P.:0.96kW P,:0.75kwW 4.8A
2900 r/min CAP 20u F/450V LCL; F 1P 55
P... 10 bar Maximum liquid temperature 70°C

H =

P Nnim?] N/m? )
Ponerd  kg/m3m/s?| [N/m?|
Head ) =T

S \

or Pounds per
Square Inch

0 5 10 15 20 25

Flow (volume per unit of time)
eg.Gallons per Minute




v Density (2 &) and specific volume (H|H|X)
_m_ |kg] _1
PV T,

v"Internal energy (5 04 X]) and enthalpy (& 1)

= Internal energy eoru[J]

SistMoR WY AEHS J1E 2H LR 2o/ ofX

- 1

= Enthalpy h[J]
— A HfoilM TtsiTl f=at Doj ofsf Hatst Ao Bm|ol S LHE oX|of st
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h:u+E=u+ pv
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T=H/8aHM 7I=
SIS U @Ml 7|

v Viscosity (Hd A+
= TCHEHO| ofdf HEfIF Hate O LIEILH=

T

_[N/m ] [kg m/s*/m ]

Aol XM

# 7 (duTdx)

= Dynamic viscosity (S8M Al%) v=pulp

[1/s]

[1/s]

M, Ratio
Fluid kg/(m - s)’ p/(H;)
Hydrogen 8.8 E-6 1.0
Air 1.8 E-5 2.1
Gasoline 29 E-A4 33
Water 1.0 E-3 114
Ethyl alcohol 1.2 E-3 135
Mercury 1.5 E-3 170
SAE 30 oil 0.29 33,000
Glycerin 1.5 170,000
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Dynamic Viscosity [mPa-s]
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Velocity
profile
du

dy ”:“ - ‘uzir

No slip at wall

Experimental Data Points from Dortmund Data Bank

Dynamlc V|sc05|ty of Water

T T T T T T T T T T T T
250 300 350 400 450 500 550 600 650 700 750 800
Temperature [K]



Specific heat

\WECIEE]
. J/kg-K
Water/steam 4200/2080
c =(oh/aT), | c,=(ou/aT), r===1
p v v P Cy Human body 3500
- M} HHol BL, F H|IE 2kl XtO[7F Aol §lE. Al e
— 7|1M 2] B XO[7t A, Y=Y 5= LHE 8% Aluminum 896
1 H|7FO|R 52 Copper 390
) Lead 130
= Heat capacity (Z2E%)
Wood 1800
C=Q/AT =mc
Soil 800
- RAH z2 =220 fUHXE MEL = U= 5 Ethanol 2440
Uranium 116
x_g_ == Xlg_ H (@]
- FassdltE Hydrogen 14300

Graphite
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Specific heat (J/kg-K)

e Pyrolytic Carbon
- S$ticen Carbide

— Parous Caron Ruffer

Wranium Oxycarde o)

TRISO conted fugl particles Deit] are Sarenpd Sa03 fupl rods
foenmer| and insened ists graphite fuel clements [right.

PARTICLES COMPACTS  FUEL ELEMENTS

400

FUEL ELEMENT DESIGN FOR PBEMR

5mm Graphite layer

Coated particles imbedded
~" in Graphite Matrix

Dia. 60mm

Fuel Sphere

Porous Carbon Buffer 0s/1

Dia. 0,.92mm 0
TRISO

Dia.0,5mm

Section

—— Silicon Cartxde Banier Coating 35/1000m
o

Coated Particle  uranium Dioxide
Fuel Kernel

999999$
300 - -g-g-geg s

200
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Specific Heat

Thermal Conductivity

Thermal Diffusivity

Specific Heat [J/(gK)]

o
I

)
~

o
=]

0 1000 2000 3000
Temperature (K)

50 100 150 200 250 300 350 400 450

Temperature ["C]
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v Thermal conductivity (B2 E )
Q=KAAT /L —k=(QL)/(ATA) =W][m]/[K][m*]=[W/m-K]

O LIS A Ol EZX|o| =
" OE:|E XI_-IE%I-_I_)VI\I_E o E—:||

. Fourier's Law for heat conduction

Material Thermal Conductivity
= Thermal diffusivity (82H4HE) W/m-K
o= k B W /mK] B [m2 /o] Water/steam 0.6/0.03
= — 5 — .
pc, [kg/m*][J /kgK] Diamond 1000~41000
= B ARlojMol Y W A0Kt Qay 2k Al 0.024
Axlof Mol 25 HEE Yod & ATto Aluminurm/Copper 220/390
st 2|2k Lead 35
T, =374C P, =221MPa
Wood 0.1~04
Liquid Vapor Supercritical
Soil 0.15~2
Density 998 0.46 125.1
Viscosity 103 1.6-10°5 29.10° Helium 0.15
Thermal conductivity 0.6 0.033 0.102 Hydrogen 0.19




=

cld A
=1 —

J
e
30
é
N
'y

o QNS U WHTo| 7|2 Hp

v Thermal conductivity (2MEE)

i | thermal conductivity SOdlum (lqu|d)
Graphite (solid) ol cond
100 — T 77— S0
i + JRC-ITU (Hayetal.) 1

s Bl e this work I 85

X g A NPL (Hayetal) SN\
5 . —— model 1 B0

£ 704 81 \
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v Surface tension (EH TH&) A
Interface
) < - ‘a 0 O O
= Ho| XtREHOIM EHS AA ot FEse M i A T
- £-27] (0.072 N/m), £=2-37| (475 N/m) 000 ©-
- WM IEE=Y|Z AVIE EFE
(.080
(=
\J
0.070 —
—
i 0.060 —
v 0.050 I I I I I I I I I
a 10 20 30 40 50 60 70 20 90 100

ramé-hart instrument co.




Cold side —l

Wick structure
Liquid

Vapor

- —

Siphon break valve

alpha.water

adlpha.water dlpha.water

=075 =075 =075
0.5 0.5 0.5
0.25 0.25 025

Time: 20.0 (sec) Time: 22.0 (sec) Time: 27.6 (sec)

0-

0- 0-
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v Flow rate (8§25

. Mass flow rate (2 &f S 2

= Volume flow rate (& S&

m = puA =[kg/s]

Coriolis mass flow meter

Q=uA=[m’/s]

dstxol R0l FH ©e
Y fTe AU s ¢, 25 71 59 Ha

o
=
AZUAM =2 AESHE TR

LPM (Litter per minute), GPM (Gallon per minute)

>
>

m3/hr (Cubic meter per hour): £H| = X THxj &0

90

80 [

70

60

50

40
Hm

30 -

Total dynamic head H (m) »

SIHl : 1m2 HEO|H 5 O] H
Ol (N MM Sl
EH|:1m3, YO H FH
O[(N w5 ~NWOAM 224




E-8/E7M 71=

< SHdge Sl 9HE
v Flow rate (83
= Normal flow rate (7|& =1 |2

— 0°C, 101.325 kPa

MM
P
~
=[0)
orl

= Standard flow rate (&
— 15.5°C, 101.325 kPa

= Actual flow rate (X =74 §2h

— Actual volume of fluid, m3/hr



E-8/E7M 71=

o QNS U @ 7= WA

= ol
v' Quality
= Thermodynamic [equilibrium] quality (1) vs. mass quality
x = h—h; _ Mmixture enthalpy - saturated.liqtfid enthalpy c Mg
hy, latent heat of vaporization m, +m,

= E3p JEf (B

0]
02t

SJENR BF (T=T,=T)

|

v Subcooling (T} ) x=0 // x=1
ATsub :Tsat -T XT < O f//f XT > O

v" Superheating (22 ) Al lya e ;

Rl D

ATsup =T _Tsat «—L —»
__,.-""---r-
Tson T -




H2/BRH 7| X

< 24 85 (Two-Phase Flow)
v" Single-component two phase flow

v Multi-component two phase flow
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< 24 85 (Two-Phase Flow)
v Void Fraction (7| Z&, 7|3 8)
v" Gas volume fraction
v" Averaged and local void fraction
Vv Vv

gas
o, =

0(9 =
Vgas +Vliquid V +V

gas liquid

liquid

a,+o; =1

0.5

Local void fraction
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< 24 85 (Two-Phase Flow)
v Void Fraction (7| Z&, 7|3 8)
v" Time averaged void fraction

¢ 1 when vapor is at point x at time t
X, (x,t')dt’ X, (xt)=1,

t-T

1
a(X) = T otherwise

= HH AZEE ZIZ7F KEX[BHE AlZECHe| g

Signals

Yapor

F

licuid




< 24 85 (Two-Phase Flow)
v' Void Fraction (7|8, 7| &8)

= Volume averaged void fraction
= A s S 71Z7F A X5t e S22 i

v By dH A 7|EE
= Time averaged, volume averaged void fraction
24 MM AL A
— Time averaged void fraction 574
- HMME O|SAI7|H, SZHof| CH3ll Hat
= CHH EHJF A
— Space averaged void fraction &%

- Ao Z2H

[l

Y utEst 3, A|ZH| ol W

1

Isupport tube

Sensing Tip
not Insulated

Electrical Insulated

Resistance

L]

Oscilloscope
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<% 24 85 (Two-Phase Flow)

v Phase Velocity (actual velocity, &4 %K)

= Single phase flow: H& =tfj 2 HX

Q=uA u=Q/A ao/T\ - Y B,
O o A
‘ = - 5 L
= Two-phase flow e > < R
G

- BH=Z A7t AX|otd Us HY
g :Qg /Ag U, :QI A
- 2 7He HY
A, =a A A=oqA=01-ay)A

- 7|1 ZE2 73 =40 M2 ZFEAH, 4 87 ZUL2RH 2H S5 Y0 2 5 8l

m m
Qg :—g QI :_I ug -
pg IOI g agA




E-8/E7M 71=

% 2% §&(Two-Phase Flow)
v Superficial Velocity (71 &)

jg:Qg: Q _ QA y _ U
A A+A L1+ATA 1+(1—059,)/% ay+l-a,) 97
o, A a,
J :%:a,u, J|ZE0 FASH 2 2oz Z27FE.
= jg +J, = Qg ZQI Total volumetric flux of the mixture

v" Actual velocity vs. superficial velocity ?
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<% 24 85 (Two-Phase Flow)

v" Relative velocity (& £k)

Ug =U, —U,

. X QE A A A& 7

v" Slip ratio (Z& H])

S =u, /u Homogenous Flow

. 4N Q5 Al SE H| 7 U=t =0 $-1
u :J—g:u = jl = JI
v Mass flow rate (2 & 7%) Yo, ' q 1-a,
My = pgUs Ay = peUsa A= py A S, = Jg

M =pu A =puA=p A




< 24 85 (Two-Phase Flow)
v Interfacial Area Concentration (A|H HX L)

. BHS| 2O g A%t B

_1i|
ai=_= —
Vv m

- 7|ZE0] 202t m&&4, 7|2 3 7|0
ek 34 2k,
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< 24 85 (Two-Phase Flow)
v Interfacial Area Concentration (A HX L)
Q= at

AR I Yo FR4: 4 2

—_ 1 =

a U V PS S,N+ n+ s,n+ N4+
a(agpg)+v'(agpgug)zrv IFVdV :_h*—h*{ ‘w' T 1>T T, 1)}
f

s
=2
in
Ral

rx
m M
ool-
=2
o
2

%(agpgﬁg)+v (a p U, U ) —agVP+V-(ang)+agpg§j -|-Mg‘ass+l\/|grag _|_|\/|rg‘]Olrag .|_|\/|\é'\’I
ol M = F (3, 1)
. =& Aol e Orz Fq =%aichD [ug —u, [ (Ug—u,)
=y Ao E




