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Nomenclature

: cross-sectional flow area of a heated channel(n)
: hydraulic diameter (m)

: Darcy-Weisbach friction factor

: gravity acceleration (9.8m /sec?)
: enthalpy, hg =h, - hy (Kcal /kg)
: volumetric flow rate (m* /. sec )
: heated length (m)
: pressure (kg/om®)
: heated perimeter (m)
: heat flux (Kcal /m'-sec)

: Laplacian operator

‘! time

: specific volume, V¢g =y, ~y; (m* /kg)
: velocity scale (m / sec)
: quality

: arbitrary position of a fluid particle in a

heated channel (m)

integrals defined by Eq.(30)

: cofficients defined by Eq.(50)

: Froud number
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Friction number

Phase-change number

positior. of boiling boundary (m)
time scale (sec)
characteristic frequency of phase change sec™'"
local friction factor of the iniet restrictiior
local friction factor of the outlet restriction

density , (kg =p¢-pg (kg/m)
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a(j*) q - Pu V¢ (3)
az* Ac - hig

mEEERE AT(t*)e okd R ol KA

*

OIS AR COR (4)

A 6 EEME ', AHKEY A0dgdAt hd H, &
@l 2 AddA BEERAA BRI4 FES: KFHoO b
o mES X ANKES BANE Pz EH e
FES L BMoD MRTHERS HMWEH (time scale) 02 29
=,

Pt - Ac

(he=-hi ) (5)
q" - Pu

ERITALE7] 9% EEEHEE (Velocity scale) £ &3 el A
st s dheh

q" +Py- V¢ - Ln
6
Ac (hg¢ - h;) (6)

Vo=

Vot mE o AD™s h o AT @EMRES AR €
A ke He fSolEh
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A BESAA & HBE o83 o] mprirac d)

z = 2%/ Ly
<g»o= <>/ Ve
t = t%/ 8
Aty = AT(t™) /Ly
<> = <p*>/p
p = P/ Vo

LERE ®hA mATEE S-S ol go 10,13),14)

Z 5L # (Froude Number ) :

Vo "Py -y
Npg =—2 . q TH "o Ly
gLy Ac( h¢=hi) g
BB (Friction Number ) :
f Ly
N, =
’ 2 Dn
fH# {c8 ( Phase Change Number ) :
Neo = S2lm Veg - (hy - hi) 9< i >
PC = = -
Vo Ve - hfg VA

(1)t (8) A& FiAsid ()R % 2)RE @®riEsd

X % (10)RE ey

oP dj; .
-— = —]—+ Nereji? +Npg™!

YA dt
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az = 32 g4y = eNeertig (t-t-1) - ar (21)

(21) Rell  (20) XRE& RKRA3

1

dZ = <pn>‘

ji (t=t'-1) dt’ (22)

(22) & (12)Rel RAs 2k FERAAS ERT EHR
ke ®RT BUHERKE AL 5 At

T(t) a<j

’ ] 2
P =] C(t-t- + Npe<i>
are = [0 E (e (25 o<

> +<i> a<;>

+ Ngg™' ) dt’ (23)
EamEe ARE Y BREFRAANS EKXT HE Aty &
Ro2 Folxs

1
Aft) = [0 ji (t-1)dt (24)

4 RE& g

%‘9‘ = jilt)= ji(t-1) (25)
s fEsel AT EMES MEEE Rehd ohs At

< <i> 4<i>
0<i> L 2812 A 2L
Y at

- —dit-,[ji(t) +Npe(Z-A(t) )

. 2
= dd]t(t) 4+ Nee(ji(t) + Nec (Z-A(t)) ]~ Nec '—:‘t—" (26)
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(26) Kol (25) Xg KAz #H st

9<j> L <> dii 4 .
PYSni <j> YA alFTE Nec *ji (t=1) + Np 2 (Z-Alt))
(27)
(13) K& AFsa
SPPP =0T 2Nk (Z-A(t)) - gy + Neet NZ-AEY T sk

(27)X 8 (28) &g (23) %o RASE 2 M @mxeE s
BTHAS Clax 2as HEdos 2HEYE 4+ o

- djy :
AP, = LFJ‘—NPC.Ji (t=1) +Nesji? +Npg 1) Ty

+ (2-Nee'Neer i Np2 3 2 2Npo? - N, Iy (29)

4 7] ol 4]

T(t] ) ,

j‘:JO i (t=t'-1)dt (30a)
t)

o= 02 A0 3 (e 1) ae
Tt t’ N ¢

= Pc . i — ’

[0 v(o e Ji(t=t-1)*dt’dt (30b)

(T(t} )
Js g CZ-At)% ji(t-t'-1) dr’
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2 MY BEHEFERL (31) R& o &3}y CREL LY R

B R mH LB R
o},

BRELERE od8 + 9

s T

(31) Xg npg 3 Laplace iusin

GAP(S) = O AP4(S) + GBy(S) = (Ao +jio To} - Sdji(S)+

szmén@+(MJWquw)ﬁM$+
Npc* jio %+ 78

-6nﬁa+{thu+Nmﬂ+quuﬂ-

6]1(5) + (NPcz+2'NPc‘ NFr'jio ) ¢ 6]2(3) +NPc2 * NFr‘

07, () (40)
(24) & ®E£F$ Laplace o 8} 3o
[o'e] 1 1 t’
5'2(5) = J e st j 5]: (t‘t')dt' dt = j e st [I e ~8(t=ts)
0 0 0 0

oo
-0 ji (t-t') dt-dt’ + [ e 0ji(t=t') dt-dt’ )
tf

1-¢8
S

d ji(s) (41)
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(15) Rell 4 r(t)e R3he

T{t) = Np. ' log (1N (1-2) /1)
(42) X2 nmugy ¥ Laplace H 33y
_NPC'TQ —Np To T ocC
N -€e ~ - e < A L+
0TS = T 04S) - f elNeert e
lio Jio 0 0
~I\Il’c"['o
N -e v
05i(t-t'-1) dt’ - dt = ire 0A(s)
-8 To'(NPc‘S)
e *(e -1)
T 5'iS 43)
( NPc-S)' jio ! ( } (
(30) X5 nay ¥ Laplace H 35
T -8 - 'S)
Q e (1-e ‘o
0J=jio0T(S+ L Ef 0ji (t=t-1)d¢’ ) = \_( 3 djis)
0
e‘NPc'To(l_e—s) 5 e~s(e‘70'5_e—NPc'fo .
s e R
(44)
2'jio To Y
01,8 = jio»(lvmar(sw—;r——w U (Meetey gy,
Pe O
To ot/ .
(t=t'-1)dt" J - j,, 'L[Io JO ehire 1 '5ii(t‘t"‘1)

Tl _
dt’ dt")~j,, - L [J oj Oji(t—t’~t”)dt’~dt"]
0 ‘0
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(47a)

To To o ’
L [I eNPc't 5ji(t_t'_l) dtl] — I e_St S eNPc-t '6ji
0 £ 0

To , , 1+t’
(t-t’-1)dt-dt’ = j e s(t’+) . eNec -t {j e s(t=t’-1) +

oo -8 (NPc—S)'To
v “S(V-1)y 5 ioero) aprgr o €t (€ -1)
]1+te } 0ii(t=t’-1) dt’-dt Noo=S)

-0 ji(S) (47b)

’

L( I:c [; eNee i (-t de’ - dr ) = Io e St Io Io

” To t' - ” o+
eNpc't .b‘ji(t_t”_l) dt"dt”'dt < I I e S(l""t ).eNPc t
0 0

1+t” ” foe)
e—s(t—t -1) +[

{ ‘f 1+t”

Sty 55ttt 1)dt-de’ -dt”
0

- (Npe=S ) * 7, _ -
— € (e -i) _ e
“(Npc-S) { (Npe-S) To } - 0jilS) (47¢)

L [J':J'; 8ii (t-t'-t”) dt’-dt”) = I:° [(1) e—s(t+t")

t’+t” , oo
{g e—s(t-t-t’) "

5 e s(t-t'~t )} i
0 t’-’r—t”

( t_t;_t//)
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“S_1y (o To* 5.
dt-dt”dt - 151—11%5 SRS (474)
Pl
To “S¢ o (2Np~S)7,
2Np . t’ <. , , e (e -1) .
L e 0 (t-t~1) dt’ ) = 0j;(S
[[0 ji( ) dt’) NS i (S)
(47e)
T, , t . Te t’
L [g eNeett! [ eNpot 0ii(t=t"1)dt -dt”] = f f
0 0 0 0

p ' s 1+t” " X e
e"S(l‘f't’)_eNpc(t-f’t’) \\ { eS(t-t 1)+I es(t-t D
O 1+t"
= (ZNPc“S) 'To_l)
0ji(t-t"] dt-dt’ -dt” = 3 (e
. ) (Nee-S) (2Np.-S)
NPc'To_l
""__*(e )} 5ji(S) (47f)
NPc

t

(Np
I a‘ji(t_t/_t»)dt/.dtn] - (e P
0

—S) .To_l)‘ ( l_e_S>
(NPC_ S)'S

diilS) (47g)

(47) K 4 MRS 25 (o A2 2 7hA 3)s itEHslg o

(44),(45),(46) REe o XEE FlAsH Fakgeh (37) ke

IE% ¥ Laplace Walsin (41),(43),(44) =3 Fll st A

Bletd Hgs po REA o
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Npc +Nra™' + Neg * jio”
Nl’c2 + 2Npc * Nl-‘r'jio
NPcz +NFr

é-NPC. o 4+ Npe*To + Npe* To® (14 Npe * To-

Npe-{1+Npe-To <€ NF¢ T0- (1+0.5 Npe " To) =

eNpc *To )

e"NFc To
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AHIREA A Jo=4A, olBE (39) 44 mAE B Y P
NeeyNeg, Neg, ji, Ki, Kg o 6 7bx) o)t
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AN 4

Nrs =10.0
Ne, =10.0
>0 Ne. =30.0  y..essri e
- -9
(a) 20
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LT X:1K, =0.0
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100F .. 2300.0

N¢. =100.0 [URTEI TP EEEEPE N
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(b) 60 [

40+
20

L .

0.0 0.2 0.4 0.6 0.8 3 1.0

i9.3.1 AP - j, curves to ¥, variation at steady state
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Fig 3.2 AP - Jj, curves to K¢ variation at
steady state
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Fig. 3.3 Nyquist diagram to K, variation in a vertical
heated channel (N,,= 0.02,Ny.=0.03,Ny, = 0.5,i) =0.38)
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514 mEEELAE KEE AR -1

A e Asedl BEMMEAAE Npe = 55 dlAwt f8 7g77%
cmsn AFEMEAAL Ne=10714 £ g7k dEdes
gsgel B HAtd, ok BN @ A TR E

g A e BEfd Adste A= B Al

4.2 BEEAAY Rt LR
3l

2y 4.2(a)<= Nea = 0.02, Npc =0,03, Nee= 0.5, §i=0,38¢

Aee BmEMBMES,IY 4.2 A ZANAY KFEMRES

EA 85T

m

(-1,03) Re

(a) vertical heated channel (b) horizontal heated channel

Fig 4.2 Nyquist diagram in a vertical and horizontal

heated channel.(Ne. =0.03, Ner= 0.5, ji=0.38)
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