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The digital computer program ALARM-Bl written in FORTRAN-1V for FACOM
230-75 is for analyzing thermodynamic and thermal-hydraulic phenomena of
BWR during a large breake LOCA. The outputs are pressure, core inlet flow
and enthalpy which affect core heat transfer during transients. In ALARM-
Bl, the heat transfer from corc to coolant during transients is not cal-
culated, but it is given as inputs. ALARM-Bl solves integral forms of fluid
conservation and state equations for user-defined wvolumes (nodes} which
are treated as one—dimensiénal homogeneous elements with interconnecting
flow paths (junctions). The numbers of nodes and junctions and their
initial fluid conditions are given as inputs. The program is of a variable

dimension so there are no limits to the numbers ¢of nodes and junciioms.
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[. Introduction

A series of computer codes to evaluate the performance core cooling
system (ECCS) during a postulated LOCA in light water nuclear reactors
has been developed in Japan Atomic Energy Research Institute (JAERI).
Postulating various modes of pipe breake such as gillotine and split
break at a certain point in the primary coolant system, the performance
of the ECCS is to be evaluated with adequate conservatism. Two series of
computer codes are being prepared for PWR and BWR plant. '

ALARM-B1 - computer code which is one of BWR's code series calculates
thermo-hydraulic and thermodynamic, pheneomena in the pressure vessel and
the primary coolant loop during transient of the large breake of the
recirculation line. The ALARM-Bl does not calculate heat transfer to
the coolant during tramsient but it is given as input data. Therefore
the main outputs of the ALARM-Bl are core inlet flow, enthalpy and pres-
sure transient which significantly affect the heat transfer in the core
during the blowdown. Once the behavior of these variable is determined,
the variables serve as input into the computer code HYDY-Bl which determine
heat transfer conditions in the core. 1In the near future, the modification
of the ALARM-B will be made by combining the ALARM-Bl with the HYDY-BI1.
A few analytical models prepared in the ALARM-Rl are not completely in
compliance with the required feature in the safety evaluation for the ECCS
recommended by Japanese Atomic Energy Commission. These models will be
also improved in the coming version ALARM-B2.

In this report, fundamental features of the program, analytical

models and the program organization will be described.
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I1. Fundamental Features of the ALARM-B1 Program

The Fundamental features of the blowdown code ALARM~Bl are summarized

as follows;

(1) Node and Junction model

The primary system is divided into a number of saptial volume
elements called '"mode". The fluid condition for each ncde is assumed to
be uniform and the state value of each node such as thermodynamic pressure
is also assumed to be represented as a point value. Hypothetical ducts
"junctions'', connect adjacent nodes according to the problem geometry.
The mass and energy balance is solved in each node at each time step
during the transient. A momentum balance is applied to the junction with

appropriate assumptions.

(2) Assumption of phase equilibrium

The fluid contained in the nodes consists of only liquid in a sub-
cooled state, liquid and/or vapor in saturated equilibrium, or only vapor
in a superheated state as determined by the energy and mass balances at
any given time. It is not permitted that more than one fluid states exist

in a node at the same time.

(3) Homogeneous two phase model and two-phase separation model

If the fluid condition contained a node is two phase mixture, two
options concerning two phase flow are available. One is the homogeneous
two phase model in which the steam and liquid move always in the same
direction with the same velocity. The other option is two-phase separation
model in which the upward relative movement of steam void is taken into
account by giving a gradient factor of the vapor distribution and the
relative velocity at the mixture surfacel’. Therefore this separation
region is assumed to be heterogeneous in enthalpy and is assumed to have
no spatial variation in thermodynamic pressure. For two axially connected
nodes, the following option is also provided. When the mixture level in
the upper node has become below the bottom of the node, the volume mass
and energy are added to the lower node. The mixture level and vapor
distribution calculations are now extended into the lower node. Inversely,
the quantities of lower node can also be added to upper node when the
mixture level in lower node reaches the bottom of the node. Though the

selection of the above models is gquite optional, usually the downcommer
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region is represented by the separate model,

(4) Core region heat transfer

The heat transferred from the fuel to the coolant during blowdown is
given by input data. Thus no heat transfer problem is treated in core by
ALARM-El1. The detailed thermohydraulics are treated in another code HYDY
which determines the heat transfer coefficients during blowdown according

to the boundary conditions give.. by ALARM-BL.

(5) Recirculation pump model

The behavior of the recirculation pump is calculated by the homologous
low using a set of input characteristic curves. Requireud characteristic
curves are Q-H, n—H, n-T, Q-T relations at the fating and the reversal flow
and rotation conditions. Another option is alsc provided for recirculation
pump behavior using a suction flow quality and heat correlation for only

normal flow.

{(6) Jet pump model

For the jet pump behavior the momentum equation is solved for the four
cases according to whether the drive, suction, and throat flow are in normal
or reversal fiow condition respectively. The jet pump flow path is as a
junction in which momentum flux due to cross—secticnal area change and
momentum mixing are incorporated but compressibility of fluid is ignored.
An option is provided for jet pump behavior neglecting the temporal change
of the suction flow momentum for convenience of comparing the results with

other analysis.

(7) Subnode model for core region

The nodes with heat input such as the core and core bypass nodes are

optionally subdivided into a number of common pressure subnodes. This permits

calculation of fluid enthalpy within the core and bypass nodes where the

fluid enthalpy varies with distance through the core.



JAERI-M 6968

III. Analytic Equations to be Solved

3.1 Nede Conservation Equatious
Fluid condition in each constant volume node can be specified by the
conservation equations of mass and energy assuming that the flow and fluid

properties are constant during a time step. The mass and energy equations are

dMy
e = I Wij s (1)
4 (Mijhi) - Vi E‘i = I Wishij T Qi . , (2)
dt dt JL] 1
where My = total masé in node i,
wij= flow rate into volume i through junction j »
hij= enthalpy of flowing fluid,
h; = average enthalpy in node i,
vy = volume in node i,
Py = thermodynamic pressure in node i,
Q; = heat input to nede 1 .

To obtain the direct solution for the pressure rate P, the conservation

of volume is considered and since each node is a constant volume,

dvy dvy dvyi
= ——— Vs

dt el STl S (3)

where vi is specific volume of fluid in node i. From equation of state, vy

is given as a function of pressure P; and enthalpy hj:
vi = vi(Pi, hi) . (4)

A combination of above equations (1), (2), (3) and (4) yields the pressure

rate equation:

. av .
Py -{Mjvy + (SE?EFZ Wijhij + Qi + Mihil]
« w2+ v ’ ?
1%3p'h 1

where, for subcooled fluid and superheated fluid:

(%E)h = f1(p,h) fluid compressibility (6)
C%g)p = f,(p,h) fluid thermal expansion (N

_4_..
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and for saturated fluid:

vy _ dvgi _ Vig dbfi dvgi vig dhgi  dvgi | vig dhei
CASYN - — 4 x {—== - - + oo (&)
3p’h dp hfg dp dp hfg dpy dpi  hfg dpj

v .
R )
ah’p hfg _

v = vgt XVig . (10)
X = E;:;jlﬁ (11)
hg‘hf ?
where Ve = specific volume of saturated liqui&,
vy = " of " vapor ,

hf = enthalpy of saturated liquid ,

t 1"

hg = of vapor ,

hfg= hg - hf ]
Vfg= Vg_— vf -

The state volumes and their derivatives in Eq. (5) are calculated by
linear interpolation of the value in the steam tables for ALARM-Bl with pres-

sure and enthalpy as independent variables.

3.2 Two-phase Separation Modell)

The two-phase separation model used in ALARM-El is almost the same as
used in RELAP-3. It is a semiempirical fit to a number of experimental
results. In this model, the upward relative movement of steam voids below
the mixture level is assumed to be expressed in terms of a gradient factor
of the vapor distribution and the relative velocity at the mixture surface.

The assumed bubble distribution is

a(Z) = m E;—+ b, {12)
where a(Z) = void fraction at Z,

n,b = time dependent slope and intercept,

Z = height above the bottom of the wvolume,

Z, - = time-dependent height of mixture interface.
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The slope and intercept of Eq. (12) are evaluated by the assumed
gradient factor and the average void fraction within the two-phase mixture.
For an average void fraction less than 0.5, the distribution of the void
fraction is given by

Z

a(Z) = 2(Co-1) vy o + (2-Co)ag, 0 = oy = 0.5, (13)
Ozm [»] (s]

It

where oo average void fraction within the mixture,
Co = assumed gradient factor ,

and for average void fractions between 0.5 and 1:
7 .
af{Z) = 2(Co-1) [l-—uo]-z- +1-Co(l=-0g)y 0.5 < <1, (14)
m

The constant Co, which must be limited between 1.0 and 2.0, determines the
maximum bubble gradient. If the Co of unity is chosen, the mixture is homo-
geneous; if 2.0, the bubble gradient is maximum within the permissible
physical constrains. In the persent version of ALARM-Bl, Co is input and
kept constant during transient.

An average void fraction within the mixture and the mixture level during
transient is estimated by applying conservation of mass in the node. Steam
can be added to a node either through a junction or by flashing of liquid
within the mixture. On the other hand when condensation due to pressure
rise during transient occurs, it is assumed that the steam within the mixture
and steam region are uniformly changed into liquid. The differential

equation describing the bubble mass balance in a node is

d . .

Filgfl = dlz:l - Wy - T CiyxiiWig (15)
where Mghi = mass of steam entrained in the mixture,

My{ = total mass of steam within the node,

Ciy = 0.0 if the junction j contracts the mixture region,

= 1.0 if " does not contact the mixture region,

Xjy = quality of junction flow,

W, = bubble mass flow rate at mixture surface,

wij = flow into or ocut of the node at junctiom j.

Tn current BWR plant, the steam separator is provided at the top of

upper plenum to separate steam and water effectively. An option for calculating



JAERI-M 6968

the steam flow at the separator outlet is permitted. Since a separator
outlet actually consists of twe flow paths, the upward separated steam flow
which leads to the steam done and the downward liquid flow must be estimated.
These two flow paths are treated as a single junction and the upward
separated steam flow is obtained by using separator efficiency specified as

a function of the mixture level elevation. This steam flow is

Wg = n Xij Wi 4 ’ (16)
where Wg = separated steam flow to the steam region,
n = separator efficiency as function of the mixture level

elevation,
X34 = quality of separator junction,
Wij = flow into the separation region.

Since the veolume of the mixture region is known at all times during the
transient by solving Eq. (15), the height of the mixture level can be cal-
culated from the node geometry, which is giﬁen in a form of a data table of
height versus node cross-sectional area. The average void fraction change
during transient is also calculated by use of Mgb in Eq. (15) and above
mixture region volume.

Another option is available for expressing continuous change of the
mixture level between axially adjacent two nodes. After the mixture level
in upper node arrivés at the bottom of upper node, the volume, mass and
energy are added to the lower node and the mixture level and vapor distribu-
tion calculations are performed for new extended node connecting upper and
lower node. In this model, the conversation of momentum for two nodes is
ignored but the conversation of energy is considered. This model can
eliminate some unphysical results appearing in other codes like RELAP3,
such that the two phase mixture region is floating in the steam. This
option may be applied to axially connected nodes within the system to be
calculated.

3.3 Momentum Balance

The one dimensional momentum equation is integrated in the volume

element between the midpoints of two adjacent nodes. This integration with

some simplifications gives

Z.
1k, Ay & WM
gc(A)ij Fraie Pi—Pj - - S p(z)dz - Rij - + APm + .{\Pp ,(17)
Z4 1]
where 8. = gravitational conversion constant ,

— 7 -
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g = gravitational acceleration,

2 . R . .
- = t rt:
(A)ij junction inertia,
Wi4= average flow from node i to noide i+l,
Pi-Pj= thermodynamic pressure differential across the fluid

contained in flow volume,
23
[ p(z)dz = gravitational head,
Rjj= loss coefficient,

APy= momentum flux term for area change,

APp= pump head.

The momentum flux term on the right hand of Eq. (17) is not explicitly
treated in the present version of ALARM-Bl except for jet pump junction,
This omission of the momentum flux term would not affect the final results
in most of BWR-LOCA conditions¥%

The integration of gravitational head is performed with consideration
density distribution as defined by the two-phase separation model.

At the user's option, the junction flow can be limited by Moody's two-
phase choked flow model to be described in 3.5. In this case, the flow
through the junction is chosen as the smaller of the inertia flow calculated

by Eq. (17) or the choked flow.

3.4 Frictional Pressure Drip
Frictional pressure drop is given by the fourth term on the right hand
of Eq. (17). The loss coefficient Rjj for the steady state is calculated from

intial balance with input pressure distribution and given by

- {(Pi+ Pgl-av, i) - (Pj +APﬁraV’]') + APm+ AP } o
ij P i3
] WijlWigl 1

This loss coefficient Rij includes Fanning friction factor, and other
loss coefficient such as expansion or contraction loss coefficient for the
actual flow path. Thus Rjy can be represented by

1 fo’L

Rij = 2g.A2 D + Kij other,

where A = junction flow area,

f = Fanning friction factor,

# This term will be incorporated into ALARM-B in the near future.

78_
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¢ = two-phase multiplier,
L. = equivalent flow path length,
D = equivalent diameter,

Kij4= loss coefficient except for Fanning friction factor.

Kij other for steady state is obtained from Rij and Fanning friction

factor which 1s determined by
f = 0.316 Re0:25,

If the junction flow is initially two-phase, Fanning friction factor is
first calculated as saturated liquid. Two-phase multiplier $¢ is mext cal-
culated by using Thom®) and Martinelli's“) correlations provided as a built-in
data table in the ALARM-Bl program. These correlations are functions of the
junction pressure and quality. The junction pressure is estimated in terms
of algebraic mean for two adjacent node pressures with gravity head, and
junction quality is set equal to the quality for the upstream node,

The loss coefficient in transients is obtained in the same manner as in
the steady state except that Kij other 1s assumed to be constant during
transients.

Usually it is difficult to estimate equivalent diameter, equivalent
length and flow area for actual complicated flow paths. Accordingly, ALARM-BIL
provides another option for the loss coefficient. This option does not
consider Kij other but considers two-phase multiplier for the lumped loss
coefficient Rij' If the junction flow is initially two-phase, the single-

phase loss coefficient corresponding to total mass flow rate is

o
1

. 2
ijo = Rij/?%,

where Rijo = initial single phase loss coefficient corresponding to
total mass flow rate,
o2 = initial two-phase multiplier.

For the calculation of two-phase pressure drop during transient, the
single-phase frictional pressure drop for total mass flow rate as saturated
liquid is first calculated by using the loss coefficient Rijo for steady
state. The two-phase pressure drop ié then obtained by multiplying the single-
phase value by multiplier estimated by the transient junction pressure and

quality.



JAERI-M 6968

If the reverse loss coefficient is significantly different frowm the
normal, the user may input a valve for it. For the junction with no initial

flow, a valve for Rij must be specified by input.

3.5 Leak and Fill Systems

The leak and fill systems specify the time dependent boundary condition
for the system to be calculated. Water may be injected inte any node by
means of fill junctions. On the other hand, not only the leak junctions
limited by choking but also the another type leak junctions, in which
transient ieak flow rate is specified tabular input, can be set up at user's
option. Initiation of flow through these junctions may be controlled by

many different trip signals.

(1) The following three options can be selected as fill data a set:

(i) fill flow rate vs. time,
(ii) " vs. pressure of the node injected,
(iii) " vs. pressure d ifference between the node,
pressure and reserver pressure.
Temperature or enthalpy is also specified as input data to determine injected

fluid energy.

(2) The following two options can be selected as leak data set:

(i) leak flow limited by choking,
(ii) Leak flow rate given by tabular input,
a) leak flow rate vs. time,

b) " vs. pressure of the node assigning the junction.
In (1) above, the mass flow rate is limitted by Moody'ss)’e) two phase

choked flow model

Wehoke = A - Cd * G(Po,ho), (22)
where Wchoke = maximum junction flow,
A = time dependent flow area,
G = mas velocity as a function of stagnation pressure P,
and stagnation enthalpy hg,
Cd = multiplies to Moody's choked flow rate.

The stagnation conditions are assumed to be the thermodynamic conditions
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in the node to which the leak junctien in connected. The flow rate through
the junction is chosen as the smaller of the inertia flow calculated by
orifice equation and the choked flow. Moody's model also gives the throat
pressure as a function of Po and hg. The sink pressure must be less than
the throat pressure for choking to occur in a leak junction.

This Moody's choked flow model is optionally applied to any junctions
except for fill junctions such as jut pump drive nozzle with constant flow

area.

3.6 Reactor Core Model?)

The core is assumed to be uniform pressure but is divided into a number
of subnodes to determine enthalpy rise. The flow rate for core inlet and
outlet is determined by Eq. (17). On the other hand, inter-subnode flow is

approximated by following manner:

Wi = Wy ITIJ-_ < hy, (23)
Wi+l = Wi + W hi > hf, (24)
where Wi,Wi+1 = inter-subnode flow,

6W = (Wp-W1)/{(Number of boiling subnodes),
Wl = core inlet flow,

Wo = core outlet flow,

ﬂi = subnode average enthalpy,

ﬁf = gaturated fluid-enthalpy.

The conservation of energy for i-th subnodes is

d d
gr (Ribi+1) = Wi(hg -hyp1) + Qg + gpt‘ Vi, (25)
where R; = mass in subnode,
i = subnode interface enthalpy,
Qi = heat added to subnode,
V; = subnode volume,

The subnode mass R; is normalized by total core mass calculated by Eq.
(1) and subnode thermodynamic condition. As mentioned previoﬁsly, no cal-
culation is made for Qs but is given'by as a function of time.

The reactor core model described in this section is essentially the same
as in the LAMB code developed by the General Electric Company. The reason

why the same model is provided in ALARM-Bl is to compare with other computational



JAERI-M 6968

results. Since the heat transfer from the fuel to the coolant is dependent
on the hydraulic conditions, and the core hydraulics is affected by the heat
added to the fluid, it is obvious that this model is not correct. Indeed
this is especially true when the fluid is predicted to be superheated steam
in a subnode. Actually the core thermehydraulics are recalculated in
somewhat more rigorous manner by another code HYDY accofding to the core
inlet and/or outlet hydraulic condition determined by the ALARM-Bl. This

featuyre will be improved in the comming version, ALARM-BZ.

3.7 Jet Pump Model
ALARM-Bl provides three analytical models for jet pump behavior. The
options being available consist of conbining some of these methods accerding

to the mixture level change in downcommer region during transient and each

method.

(1) Model 1

For the jet pump behavior, the momentum equation is solved for each
flow path with flow direction and momentum flux change.

The characteristic magnitude of jet pump is shown in Fig. 1. This model
is simplified under the following assumption,

i) Pressure P;, Py, Py are constant over the cross section.

ii) The compressibility of fluid is ignored.

iii) Mass flow Wg and Wy are completely intermixed at the end of the

mixing pipe between plane 1 and 2 shown in Figure 1.

Fig. 1 Characteristic Magnitude of
the jet pump



JAERI-M 6968

In ALARM-BI the jet pump flow paths are treated as the junctions and the
momentum equations are applied to the junction between inlet of suction flow
path and cross section 1, drive flow path and cross section 1, and cross
section 1 and throat flow path, respectively. The pressure P; is calculated
from the conservations of mass and momentum with the above assumptions.

The momentum equations for three junctions are given by

2
10, Wy Wit 1,1 1 1
= (D) = Py =Py + APy, - —— {5 (-~ - = ) - —= I
ge A’y 9t L m 2gcp 3 2 “ay? Afower Ap?
+ APJg - APye (26)
1 & Mg = Pc - Py + APq_ + APo, ~ AP (27)
g. As ot S 1 Sm Sg St .
and
Lok P pp 4 oap 4+ ap P 28
g G p ot D7l Dm pg ~ APDf (28)
where Ag = suction inlet flow area,
Ap = drive " .
Ay = mixing region " R
Al ower = lower plenum flow area,
Py, = " pressure

Pg = down conner "

Py = drive pipe "
Wp = drive mass flow rate,

Wg = suction
]
1

Wj = throat

3
APJpm = throat momentum flux,

LPp, = drive "

b

mn

APSm = guction .

APJg = throat gravitation head,
"

APDg = drive >

n
’

Po, = i
A Sg suction
AP1f = throat frictional pressure drop ,

m

APDf.= drive 3

APSf = Suction "

The gravitational head and the frictional pressure drop for three junctions
are calculated in the same manner in 3.2 and 3.3. The momentum flux terms

are derived from the force balance with appropriate assumptions. For the four
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cases according to whether the drive, suctiom and throat in normal or

reversal flow, terms for the momentum flux are given as follows:
(i) wp >0, Wg >0, Wy>0,

1 s Wp?

APJm = #chlAM A‘é'" A() ), _ (29)
2
Wp 1 1
APpy = (- - =) (30)
Dm 2 277
2g.0p Aipe AT
2
W
S 1 1 .
APSm = ( 2 - h) » (-3]-)
ch S Adown A82
p1 = p1(Py, Hy), (32)
Hy = (WgHg + WpHp) /Wy, (33)
W W
S D
oy = Wi 2+ D), (34)
DS PD
where Apipe = drive pipe flow area,

Agoyn ~ down commer flow area,

pg = suction fluid density,

drive " .

°D

= throat " .

p1 = fluid density at the cross section 1,
P; = pressure over the cross section 1,

H; = enthalpy,

(ii) WwWp < 0, Wg > 0, Wy <0 and Wp » 0, Wg < 0, W; >0,

AP LA A A IWJ| (35)
Jn o 2g.piAyhrer T Jet  TSTwgl?
W
1 1 1 D
APy, = (— - )y Adrive = Agl——] (36)
Dm 2 s drive S H
28cPs Af)ipe Adrive W
1
1 1
APgpy = (— - ), (36)
28cPs Aéown ASZ
p1 = p1{(PL,H1), (37)
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for Wp < 0O, WS > 0 and Wy < 0,

Hy = (WJHS - WJHJ) /—WD .
W W
J S
oD = W'D/ ('_ - __) »
Py Psg

and for Wp > 0, Wg < 0, and Wy > O,

H] - HD,
PJ = PD,
fs = PD,
where Hg = suction flow enthalpy,

Hp = drive flow enthalpy,

(1ii) Wp < 0, Wg > 0, Wy > 0 and Wp > 0, Wg < 0, Wy < O,

2
Wy AJet g
bR = =777 5 AJet T AS[EF*’
8cP 1AuAg 5
g 1 1
AP = -
Dm — 2g_.pp (AZ, AZ .
pipe drive
. i D =
where if |wa < |WSF‘K; > Adrive T AD»
. . . WD
if except for above condition, Agrjve = Ag Iﬁ_l,
5
W 2z
e = Tges GT T nD)
gC S AdOWTl AS
p1 = »1(P1,Hy),

for Wy < 0, Wg > 0 and Wy > 0 ,

H]_ = Hs,
Py = Ps,
°p = Pg,

(38)

(39)

(40)
(41)

(42)

(43)

(44)

(45)

(46)

(47)
(48)

(49)
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and for Wy » 0, Wg < 0 and Wy < O,

Hy = (Wpy - WHD /=W (50)
Wi W
J D

pg = WS/(T - =) {51)
°1 Pp -

(1V) wD < 0, WS < O, WJ < O,

2

Wy
APgm = = , (52)

BcP 1AM
APp. = APp, in Eq. (30), (53)
APg, = APgp in Eq. (31), (54)
o1 = p3(P1,KHy), ‘ (53)
H]. = HJ’ (56)
Pg = P> (57)
where Ay = Ap t Ag.

! The two phase multipliers for these junctions are calculated by the same
| method as described in 3.4 with the pressure of P, Py, Pg and Pp and
quality at the cross section 1.

Under the assumption (ii), the conservation of mass at the cross section

1l is given by
Wg + Wp = Wy, (59)
and differentiating both sides of Eq. (59) by time gives

Wg + Wp = Wj. (60)

The pressure P; is obtained by solving Eq. (26), Eq. (27}, Eq. (28) and

Eq. (60) with an iterative manner.
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The mass flow at the drive junction may be inm a critical flow condition

sometime after the ovccurrence of break, and Eq. (28) can no longer be applied.

To determine the critical mass flow, the similar method as shown in 3.5 is

applied. The stagnation conditions for the drive  junction in a reversal
critical flow condition are assumed to be thermodynamic conditions at the

cross section 1. For other three cases. They are given by
i) Wg > 0, Wp < 0, Wy > 0,
Hy = Hg,
Wg?

Pr = Py + —
0 | L 2
ngplAS

ii) Wg > 0, Wy < 0, W; >0,

WgHg + [wJIHJ

H = .
0 WD!
Wp”

+ 51
2gcpi(AM+AS)

e
o
il
jav]
—

and iii) Wg < 0, Wp < 0, Wy < 0,

HO=HJ5
Wil
P = Py + L
2gcP 1AM
where Hy = stagnation enthalpy ,
Py = " pressure .

The temporal change of the momentum is approximated te be zero when the
flow is in a critical flow condition. For example, if the drive junction is

critical, it follows that
Wg + Wp crir = Wi (61)

WS = WJ . (62)

In above condition, the pressure Py 1Is calculated by substituting Eq. (61)

and Eq. (62) for Eq. (59) and Eq. (60).
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{2) Model 2

The model to be described in this section is similar to that in the

LAMB code. In this model temporal change of the suction flow mowmentum is

ignored during transient, therefore the pressure P) over the cross section 1

is directly obtained from Eq.

(27) putting zero to the left hand side.

Eq. (26} and Eq..(28) are subsequently solved for the drive flow Wj and

throat flow W; respectlvely,. and the suction flow is obtained by using the

new drive flow Wp and throat flow Wy from mass balance in the jet pump.

(3) Model 3

For the jet pump junctions, momentum flux terms are ignored, and only

gravitational head and frictional pressure drop are considered. This model

may be applied when the mixture level in the down commer region is below the

elevation of the jet pump suction nozzle.

3.8 Recirculation Pump Model

Two models are provided to analyse the behavior of the recirculation

pump. In one model, the'hydraulic torque and head are calculated for all

combinations of flow and speed using the homologous relationships. Another

model is a simpler model by which the head is calculated from the suction

flow quality for only normal flow conditioms.

These two models are described more in detail in the following.

(1) Pump model using homologous relations for head and torque

The dimensionless homologous relations can be expresseds) by

I

h/n2 const. q/n

const. n/g

h/q?

2 = const. g/n

]

t/n

2

t/q const. 1n/q

H/Ho normalized

Q/Q, normalized

]

where

N/Ng normalized

[ = RN ~ =
i

T/T0 normalized

= const., (61)
= const., (62)
= const., (63)
= const., (64)
head,

volumetric flow,

speed,

torque.,

The head and torque are derived from the following set of pump charac-

teristic curves specified as tabular input data:

— ]8 —
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(A) head vs. flow at rated speed.

(B) head vs. flow at negative rated speed.
(C) head vs. speed at rated flow.

(D) head vs. speed at reversal rated flow,
(E) torque vs. flow at rated speed.

(F) torque vs. flow at negative rated speed.
(G) torque vs. speed at rated flow.

(H) torque vs. speed at reversal rated flow,

The above eight characteristic curves are utilized in the following

manner.

(1) lql < |nf,
if n > 0, (A) and (E) are used,
if n < 0, (B) and (F) are used.

(ii) lq| > [n],
if g > 0, (C) and (G) are used,
if q < 0, (D) and (H) are used.

For example, in the case of |q[ < [n| and n 2 0, the normalized
volumetric flow divided by the normalized speed gives the modified flow
corresponding to the rated speed and the reduced head and hydraulic torque
corresponding to the above modified flow is found from the curves (A) and (E)
respectively. To find the true value, the reduced head and torque are
multiplied by the suquare of the normalized speed according to the equations
(61) and (b3). In the case of using the curves at rated flow, the similar
procedures are performed.

As the hydraulic torque found in the calculations above is for the fluid
conditions at normal operation, it must be modified when the fluid demsity

to changed. The modification relation is,

Totolegs (65)

Iy, =
where Ty = hydraulic torque,
T, = rated torque,
t = the normalized torque by homologous law,
P, = rated fluid demsity,
p = fluid density.

The pressure rise across the pump is determined from the normalized head
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AP, = Hgho, (66)

where Hg, rated head,

the normalized head by homologous law,

When cavitation is expected, the pump pressure and hydraulic torque are again

modified by the following cavitation model.?)

APp' = AP, - 0%, 67)

Ty' = Tp - oxeW/wp, (68)
where APh"' = cavitated pump pressure rise,

Tp' = cavitated,

g = cavitation comstant (input data),

Xg = quality at impeller eye,

= mass flow rate,

® = angular velocity,

The eye quality is evaluated from the pump suction enthalpy and the eye

pressure. The eye pressure is calculated by

Paye = Pup — 2PypsH, (69)
where - Pgye = eye pressure,
Pup = pump suction pressure,

APNPSH = required suction pressure (tabular input as function

of mass flow rate).

The eye quality, X, is evaluated from the saturation enthalpy at the
eye pressure Peye° The occurrence of cavitation reduces the backpressure on
the pump rotor. In the completely cavitated condition, the pump impeler will
be insulated from the fluid because of the discharge of steam bubbles. The
value of quality to produce complete cavitation is estimated from the maxXimum
head loss which would be that required to drop the pump head to zero at rated

flow and zero speed:

vG = 2, .
Xo,max " = Hpax 0790, (70)

where Xe,max - Mmaximum quality,
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Hp ., = maximum head loss,
this value is at rated flow and zero speed in the charac-
teristic curves, or is optionally specified as input,

n = normalized speed ratio.

In ALARM-Bl if the eye quality X, becomes larger than Xg pax defined
above the pump rotor is assumed to be completely stalled thereafter. The
pump behaves as a resistance, and the loss coefficient for the stalled rotor
is added to the flow path form loss factor. The pump speed during transient
is found by setting the hydraulic pump torque equal to the rate of change of

angular momentum:

-glz %Lf = Tho = Thit), | (1)
where I = inertia moment of the rotating member,

w = angular velocity of the pump,

t = time after transient,

T}, = hydraulic torque exerted by the pump impeler,

T,,~ steady state hydraulic torque " .

When the pump is tripped by the pump trip legic provided in the program,
the steady state torque, which is calculated from the volumetric flow rate

and angular velocity for the steady state condition, is set to zero

(2) Pump model using head and quality correlation?’

Another model is such that the pump head is estimated for only normal
suction flow by using the suction flow quality and head correlation and for
other flow condition, the pump is assumed to be locked. The form of correla-

tion for rated rotating pump is given by

AP = f(w,x), (72)
where AP = normalized pressure difference across the pump,

w = normalized suction mass flow rate,

X = guality at suction inlet,

The value for the correlation is specified as tabular input data.
Pump Coastdown equation with assumption of complete pump efficiency is

given by
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AP_S .
_L é..(g ) —{Fm + —"E'_S }3 (73)
gc dt DqW
where I = inertia moment,
w = angular velocity of the pump,
F = constant for the frictional torque,

AP.= pressure difference across the pump,
Wg = suction mass flow rate,

pg = suction fluid density.

The pressure difference across the pump; APP is calculated by using
tabular input correlation and rated conditions with homologous relations.
The pump rotor is however assumed to be completely stolled when the transient
condition for the pump become beyond the range of tabular input correlation.
The momentum inertia is calculated from the initial conditions and

input pump time constant for the coastdown. This is

1% _
gc To ccnst, (74)
where Aconst = input pump time constant,
WOAPEO
= steady state hydraulic torque,
o y
PSolo

subscript; 0 refers to the steady state conditions.

3.9 Hypothetical Valwves

Hypothetical valves may be placed, at the user's option, in any junction.
Two types of such valves are available. Type 1 is an initially open valve
which instantaneously closes under trip control logic pfovided in the program.
Type 2 is reverse to Type 1. These valves are used to simulate the transient

action for the system such as the onset of the double-ended pipe break.
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‘TV. ALARM-B1 Program Organization

4.1 Problem Dimension

Since the ALARM-Bl is programmed by the use of variable dimensioning,
the program permits the optimum use of available storage and there are no
particular restrictions on the numbers of nodes and junctions, etc.

The integer data required for the dimensioning are read immediatély
following the title card. After all data are read in, the required core
memories are compared with available storage for the ALARM-Bl. If the
required core memories exceed available storage the computation stops. The
required size of the core is calculated in the program by

IEND = 6 x NTSC + 6 xNTRIP + 9 x NEDIT + 61 x NVOL

+ 2 % NSUB + 70 = NJUN + 17 x NJET + 27 x NPUMP

+ & x NLK + 4 x NFILL + 12 x NSUB + 10 x NTSUB

9 x NJEGRP + 100

+ Geometry Data for volume

+ Pump Characteristic curve Data
+ Leak Data

+ Fill Data

+ Subnode Data

+ Separator Data

where, descriptions for the above variables and data will appear in Appendix A.

4.2 Restart and Dump Option

The restart and dump option is provided against the failure of a ALARM-EIl
calculation due to time step size being too large and the probability of a
computer failure during a very long run, and for the detailed data check
‘except printed data. Virtually all informations of the computations prior to
a job termination are dumped on FORTRAN unit 1 for each frequency specified
by the input. And if desired, the problem can be continued with a new sequence
of time steps. The data required for the restart are only those included the

Time Step Data Card and the Edit Data Variable Card.

4.3 Editting and Plotting

ALARM—Bl.providES two kinds of edité, which are similar to those in
RELAP3, An edit is a fixed format and another allows the user to choose for
frequent printout without restriction on the number of calculated variables.
The amount of edited information to be printed are controlled by two integer

data on the Time Step Data Card (refer to Appendix A).
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On the other hand, the variables for plotting are stored on the FORTRAN
unit 2 and 3. This edit also allows the user to chose for frequent store,
without restriction on the number of the variables to be ploted. Plotting
is performed in final portion of a computation and if desired, only a plotting
job can be performed for selected variables from a number of privous variables

to be ploted.

4.4 Control Options

Control parameters are usually required to simulate a reactor system.
For instance, the pump trip may be initiated at the time when the electric
power is lost. These parameters may be described through the trip-control

data cards.

Trips can be controlled by elapsed time, node pressure, mixture level,
water temperature, or junction flow. One such controlling variable can
control as many actions such as leak area opening, valve action, fill water
injection, and so on. Trip control parameters are compared with specified
set peints and if the set point condition is satisfied, the trip action is

generated after a specified delay time.
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APPENDIX A Input Data Requirements

1. REAG Input Routine

All input data are read into the ALARM-Bl program in free format via
a generalized subroutine REAG. Subroutine REAG for FACOM 230-75 converts
BCD information to integer or floating point binary information; three
conversion types, i.e. type of reading N floating numbers, type of reading N
interger numbers and mixed type of reading 4*N; characters, Ny integers and
N3 fleating point numbers, respectively, are allowed by corresponding sub-
routines.

To explain how to arrange the data, a typical example of the function

of this subroutine is shown below suppose the following three punched cards:

105, 318, -14, 1.5E-3, 3.12E-3/THIS IS A COMMENT
2(1.0, 1.5), 3(0)/
1.0, 5%0.1, 2%-0.2/

The subroutine will convert BCD number 105 and 108 to their bimary integer
equivalents. In a similar fashion -14 will be converted to a negative binary
integer, and 1.5E-3 will be converted 0.0015. Data punched on a card may be
delimited by blank colum or comma. The slash (/) indicates the end of the
BCD field to be converted. If no slash is present, 72 colums of a card are
scanned and next card is read.

The second card indicates that the data words 1.0 and 1.5 in the first
parentheses and 0 in the second are repeated twice and three times, respectively,

and therefor it is equivalent with a card punched as
1.0, 1.5, 1.0, 1.5, 0, 0, O/.

The last card indicates that the first word is 1.0, the second word 0.1
is successively accumulated to the previous word five times and the last word

-0.2, twice. Therefore it is equivalent with a card punched as
1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.3, 1.1/.

JAERI-M-4458 the user's guide of '"The subroutine to read the data in

free format'" is referred to for more detailed information.

2. Data Card Summary
In the following descriptions of the data cards, the user must specify
the card number, which indicates the descriptive title of the data contained

on the following cards. This card number, which is 1 to 15, must be punched



in the field
for comment.
title card.

order of the
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from the 1st to 72nd column, and remaining columns may be used
Respective data are punched on cards following the descriptive
Except for the Title Card and the Problem Dimension Card, the

descriptive title cards may be arbitrary, but the data cards

next to the descriptive title card must be in the specified sequence.

The each descriptive title card number is as follows;

Descriptive Title

Title Card

Card Number

No Number

Problem dimension Card 1
Edit Variable Data Cards 2
Time Step Data Cards 3
Trip Control Data Cards 4
Volume Data Cards 5
Bubble Data Cards 6
Junction Data Cards 7
Jet Pump Data Cards 8
Jet Pump Geometry Data Cards 9
Recirculation Pump Data Cards 10
Leak Table Data Card 11
Fill Table Data Card 12
Sub-node Data Card i3
. Steam Separator Data Card 14
Plot Variable Data Card 15

2.1 Title Card (one card)

The information punched in the first colum to 72nd of a card will

be printed at the top of page of out put.

2,2

Problem Dimension Card

Number of entries are 16 integer data

NREST

Restart control

0 = Calculation starts at initial steady state

0>= " restarts at NREST-th time step by using
restart information oﬁ FORTRAN unit 1 |

-1= Only plotting is performed by using previous plot informa-

tion on FORTRAN unit 2 and unit 3



NEDIT
NTSC
NTRIP
NVOL
NBUB
NJUN
NPUMP
NLK
NFILL
NSUB
NTSUB
NJETP
NJEGRP
NEDITP
NBUF
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-2= Store restart information eon FORTRA unit 1

-3= Store restart and plot information on FORTRAN unit 1,
unit 2 and unit 3

Number of edit variables specified by edit vanable data cards.

Number of time step data cards .

Number of trip control data cards

Number of volumes

Number of bubble-parameter sets

Number of junctions

Number of pump data sets

Number of leak system data sets

Number of fill system data sets

Number of sub-node data sets

Total number of sub-node

Number of jet pump data sets

Number of jet pump geométry data sets

Number of plot variables

Number of core memories to be used for one plot variable data

2.3 Edit Variable Data Cards

The number of the variables to be edited is NEDIT. The specification

is made by using the following symbols.

Variables with reference to volume

Variable

AP
™
AT
AD
AE
AQ
SM
LM
LV
GV
LE
GE
ST

Average Pressure (kg/m?)

Total Mass (kg) ?
Average Temperature (°0)

Average Density (kg/m3) -
Average Enthalpy (kcal/kg)

Average Quality

Steam Mass (kg)

Watgr Level (m)

Specific volume of saturated water (m3/kg)
.Specific volume of saturated gas (m3/kg)
Specific Enthalpy of saturated water (kcal/kg)
Specific Enthalpy of saturated gas  (kcal/kg)

Saturated Temperature (%0
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SP Saturated Pressutre (kg/m?)
M Liquid Mass (kg)

Variables with reference to Sub-node

W Mass Flow Rate (kg/sec)
EN Enthalpy (kcal/kg)
QF Heat generation rate (kcal/sec)

Variables with reference to junction

JF Mass Flow Rate (kg/sec)
JQ Junction Quality .
FPL Function Pressure Drop (kg/m?)
PPL Pump (kg/m?)
JE Junction Enthalpy (kcal/kg)
TPL Total Pressure Drop (kg/mz)
GPL Gravity Pressure Drop (kg/m?)

Variables with reference to the system balance

TEB Energy Balance (kcal)

TMB Mass Balance (kg)

TEN Total Heat added during transient (kcal)
TML Total Mass Leaked (kg)

TEL Total Energy Leaked (kcal)

Symbols of available region number identification are as follows;

Volume Data N1, N2, etc,.
Junction Data J1, J2, etc.
Sub-Node Data 51, 52, ete.

System Balance Data T

example: .
1 2 3 4 5 6 7 8 91011 12 13 14 15 16 Column

A P N 1 J Q J 1 0
2.4 Time Step Data Cards

NTSC data blocks are required., Each data block consists of 4 integer

entries and 2 floating point number entries.
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N1 Number of time steps per edit specified by 2.3

N2 Number of edits specified by 2.3 per detailed edit
N3 Number of detailed edits per restara information edit
N4 Number of time steps per plot information edit

X1 Time step size (sec) .

X2 End of current time step data (sec)

2.5 Trip Control Data Cards
NTIRIP data blocks are required. Each data block consists of 4 integer

entries and 2 floating point number entries.

IDACT  Action to be takem |IDACT| £ 20
1 = End of Problem
Open leak

Trip pump
Start fill

2
3
4
5

Dummy

6 iIDACT| £ 20 Open (or close) valve

1A

|IDACT| = |IVALVE| IVALVE is a variable contained in
junction valve will be closed, and if IDACT > 0, junction
valve will be open.

If -5 < IDACT < 0, end of Action 1 to Action 4 e.g. if

IDACT -2, all leak will stop.
If user wants to contrel each system data set such as 1st
fill data set, two~digit-interger number which consgists of
data set number and IDACT, can be read inAe.g., if IDACT = 28,
the leak from junction with 8th leak data set will start.
IDSIG Signal being compared
1 = Elasped time (sec)
2 = Pressure (kg/m?)
3 = Mixture level (m)
4 = Water Temperature (°C)
5 = Dummy
6 = Inter-node flow (kg/sec)
If IDSIG > 0, the action will start when the signal exceeds
the signal set point during transient.
If IDSIG < O, the action will start when the signal drops

below the signal set point during transient.



IDVOL

IDOPT

SETPT
DELAY

JAERI-M 6968

Node or junction index

The node or junction number checked as signal.

Optional node or junction index

If IDOPT > Q, the absolute difference value for IDVOL and
IDOPT is checked as signal.

Signal set p-int

Delay time for initiation of actjon after reaching setpoint.

2.6 Volume Data Card

NVOL data sets are required. Each data set consists of 5 integer

entries and 7 floating point number entries and tabular input data are

optionally required.

IBUB

IMOV

IMLO

ISUB

1z

TEMP

ZVOL
ZM

Bubble data index

If two-phase separation model is not applied to the node,

set IBUB = 0

Upper node number

IMOV indicates the upper node number to be connected, when the
mixture level of this node reaches the bottom of this node.

If this option is not required, set IMOV = {

Lower volume number

IMLO indicates the lower node number to be connected, when

the mixture level of this node reaches the bottom of this node.
If this option is not required, set IMLO = O

The progrom does not permit both TMOV # 0O and IMLO # 0O at the
same time.

Sub-node data index

I1f the node has no sub-nodes, set ISUB = 0

Number of data points for the table of the node cross-section
vs. the node height from the bottom. If there is no cross-
section change, set 1Z2 = 0O

Node pressure (kg/m?%)

Node temperature, enthalpy or quality

If TEMP > 1. TEMP is average temperature (°C)

If 0 = TEMP = 0 TEMP is average quality of mixture
If TEMP < 0 TEMP is average enthalpy (kcal/kg)
Volume (m?)

Volume height from the bottom to the top (m)

Mixture level from the bottom (m)
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ELEV Elevation at the bottom of the node (m)
QAV Steady state heat addition to the fluid (kcal/sec)
If ISUB # 0, set QAV = (.,

If IZ » 1, the following data are required. This data block consists
of 2 xTIZ floating point number entries for table of the node cross-section
vs. node height. Data must be arranged as follows; volume height Z;, corss-
section S7, volume height Z;, corss-section S, ........ volume height Zyz,

cross-section S;,. Above data bock must punch on refreshed cards.

2.7 Bubble Data Cards

NBUB data blocks are required. Each data block consists of two floating

number entries.

ALPHA Bubble-gradient parameter
1 £ ALPHA = 2.

VBUB Bubble velocity (m/sec)
0. <« VBUB

2.8 Junction Data Cards
NJUN data blocks are required. Each data block consists of 4 integer

entries and 9 floating point number entries.

IN Volume index at junction inlet
ouT Volume index at junction outlet
If the junction is leak junction, OUT < O,
If " is fill " , IN < 0.
If the junction is suctior, drive of jet pump, OUT = Q.
If the junction is throat of jet pump, IN = 0.
IPUMP For IN 2 0, OUT Z 0 (normal junction), IPUMP is recirculation
pump data set number and if there is no pump, set IPUM = Q. ,
For IN > 0, OUT < 0 (leak junction), IPUMP is leak data set
number.
For IN < 0O, OUT > 0 (fill junction), IPUMP is fill data set
number.
IVALVE - Valve index |IVALVE| > 6
If IVALVE > 6, initial open valve

If IVALVE £ -6, initial close wvalve

WP Initial junction mass flow rate (kg/sec)
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AJUNC Minimum flow area for chocked flow calculation (m?)
(a) For IN 2 0, OUT 2 0 (mormal junction)
if AJUNC = 0., no chocked flow calculation
if AJUNC > 0., minimum flow area for chocked flow calculation.
(b) For IN > 0, OUT < Q0 (leak junction)
(i) If time dependent leak flow area; A gi&en in the Leak Data
Sets is negative, AJUNC must be zero.
(ii) TIf time dependent leak flow area; A > 0 and AJUNC < O,
AJUNC is not used. ‘
(iii) If time dependent leak flow area; A > 0 and AJUNC > O,
AJUNC*A is used for chocke flow calculation.
(¢) TFor IN < Q, OUT > ¢ (fill junction).
AJUNC must be zero.
DIUNC Junction equivalent diameter (m)
DJUNC is used only for frictional pressrue drop calculation.
If DJUNC = Q, the loss coefficient is RJUNC or calculated
from initial balance.
If IN < 0 or OUT < 0, set DIUNC = 0
FJUNC Junction flow area (m?)
FJUNC is used only for Fanning friction factor calculation.
1f DJUNC = 0, set FJUNC = 0.
LJUNC Junction equivalent length (m)
LJUNC is used only for frictional pressure drop calculation.
If DJUNC = 0, set LJUNC = 0
INERTIA Junction effective L/A (m™!)
If IN < Q, or OUT < 0, set INERTIA = 0
RIUNC Steady state loss coefficient (secZkgf/m’kgm)
I1f RJUNC = 0, and DJUNC = 0, the loss coefficient is calculated
from initial balance.
If IN < 0, or OUT < O set RIJUNC = 0
RNJUNC Steady state loss coefficient for reverse flow (seczkgf/m5kgm)
If RNJUNC = 0, the reversal loss coefficient is the same as

for normal flow condition.,
2.9 Jet Pump Data Cards

NJEGRP data blocks are required. Each data block consists of 5 integer

entries and 1. floating point number entry.



JMOPT

IJOPT
JETGRP (1)
JETGRP (2)
JETGRP (3}
PIN
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Jet pump model option (see section 3.7)
=1, uses Method 1
=2, uses Method 2
=3, uses Method 1 & Methed 3
=4, uses Method 2 & Method 3
Jet pump geometry data set number
Suction junction number
Drive junction number
Jet pump throat junction
Outlet pressure of jet pump suction flow (kgf/m?)
If the loss coefficients for jet pump junctions are entered,
set PIN = 0. |
1f PIN < 0, |PIN| indicates stleady state frictional pressure

drop for suction flow.

2.10 Jet Pump Geometry Data Cards

NJETP data blocks are required. Each data block consists of 11 floating

point number entries.

AS

Suction inlet flow area (m?)
Drive nozzle flow area (m?)

Throat flow area (m2)

Diffuser outlet flow area (m?)

Flow path length for mixing section (m)

Flow path length for diffuser section {m)

Flow path length from diffuser outlet to lower plenum inlet (m)
Dummy, set, DL4 = 0

Downcommer flow area (m?)

Jet pump drive pipe flow area (m?)

Lower plenum flow area (m?)

2.11 Recirculation Pump Data Cards

NPUMP dat

a sets are required. Each data set consists of two data blocks

and tabular input data.

(1) Data set

for the pump model using homologous law (see Section 3.8).

(i) The first data block consists of 9 integer data intries -

N1
N2
N3

Number of data points for (A) characteristic curve
tr (B) 11
" (C) "
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N4 Number of data points for (D)} characteristic curve

N5 " (E) "

NG " (F) "

N7 " (G) "

N8 " (H) "

N9 Number of data points for NPSH9m) vs. mass flow rate (kg/sec)

(1i) The second data blocks consists of 9 floating point number entries.

HLOSX Maximum head loss (see Eq. ( ))  (m)

If HLOSX = 0, calculated in the program.
If HLOSX = -1., another pump model is used.
CABC Cavitation constant (kg/m?) .
RHO Rated fluid demsity (kg/m3)
HO Rated pump head (m)
QO Rated volumetric flow rate (m°/sec)
NO Rated pump speed (rad/sec)
TO Rated hydraulic torque (kggrm/rad)
I Inertia moment (kgm'mzlradz)
KSR Loss coefficient of stalled rotor (kge*sec? [kgy m®)

{iii) Each data block from the third to the eleventh is tabular input.

Entries for each block are twice the number of data points., For each pump
characteristic curve, normalized values are used. On the other hand, for
NPSH curve tabular data are given by real value. Data must be arranged as

follows;
independeﬁt variable X;, dependent variable Y;, ..........

e independent X,, dependent variable Y,

(2) Pump model using head and quality correlation (see Section 3.8)

(i} The first data block has 9 integer data entries. Each entry indicates

that number of data points for W-H curve at given quality plus omne.

(i1) The second data block has 9 floating point data entries.

HOPT Set HOPT = -1.0

TCONST Time constant for calculating inertia moment (sec)
FHT Frictional torque constant (kgm'm/radz)
HO Pump head at mass flow rate W = 0 (kg/m?)
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Qo Mass flow rate at pump head H = 0 (kg/sec)
) NO Pump speed at steady state {rad/sec)
TO Set TO = 0.
I Set 1 = 0.
KSR Loss coefficient of stalled rotor (kgf'sec2/k3m°m5)

{(iii) Each data block from the third to the eleventh has twice the total
number of data points. Data must be arranged as follow; the third data
the third data block is
quality x = 0, 0.0, normalized mass flow W;, normalized heat H;
...... +++. normalized mass flow Wy, normalized head By
the fourth data block is
quality x = x;, 0.0, normalized mass flow W), normalized head H;

«seeseea., Normalized mass flow Wy normalized head HN

"t es

2.12 Leak Table Data Cards
NLK data sets are required. Each data set consists of a data block

having 2 integer and 2 floating points data entries and tabular input.
(1) The first data block

NAREA Number of data points for leak table
ICHOKE Leak type
If ICHOKE = 0, no liquid phase choking.
1f ICHOKE > 0, liquid phase choking is allowed.
SINK Sink pressure (kg/m?)
CONCO Multiplier for choked flow calculation

(2) The second data block has 2*NAREA floating points data entries. Data must
be arranged as follows; '
time ty, flow area A;, time t,, flow area A;, ....... Ceaaen
ceeereees. time tyappar flow area AyaREA-
If flow afea-A 2 0, the value of A is mass flow rate (kg/sec).

If flow area A > 0, see section 2.6 in Appendix A.
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2.13 Fill Table Data Cards

NFILL data sets are required. Each data set consists of a data block

having 2 integers and 2 floating point entries and tabular input.

(1) The first data block

1FILL Number of data points for fill table
IX Independent variable
If IX = 0, time (sec)
If IX > 0, node pressure (kg/m?)
If IX < 0, differential pressure of node and fill reserver
(kg/n?) |
FILPRS Pressure in fill reserver (kg/m )
FILTEM Temperature in fill reserver
If 0 £ |FILTEM| £ 1, reserver quality
Tf 1 < FILTEM , " temperature (°C)
If FILTEM < Q, " enthalpy (kcal/kg)

{2} The second data block has 2%IFILL floating point entries. Data arrangement

is the same as in the Leak Table Data Cards.

2.14 Sub-node Data Cards

NSUB data sets are required,
{1) The first data block has one integer entry.

NOSUB Number of sub-nodes

(2) The second data block has NOSUB integer entries.
Number of data points for power vs. time table (time, Qij) is specified

to each subnode.

(3) The third data block has NOSUB floating point entries.

Volume of each sub-node is given.

(4) For each sub-node, power (kcal/sec) vs. time (sec) table data are given
with refreshed card every sub-node. Therefore NOSUB blocks are required.

Data arrangement is the same as in the Leak Table Data Cards.

2.15 Steam Separator Data Cards

Two data blocks are required.
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(1) The first block has 2 integer entries.

NSEP Node number feeding the steam separator

If this option is not required, set NSEP = O
NIITA Number of data points for table of steam separator efficiency

ve., mixture level elevation (m)

(2} The sécond block has 2*NIITA floating point number entries. Data

arrangement is the same as in the Leak Table Data Card.

2.16 Plot Variable Data Cards
(1) The first block has 2 floating point number

X1 Length of x-axis
X2 Length of y-axis

(2) The second blocks has NEDITP*2 alphanumeric entries. Data arrangement

is the same as in the Edit Variable Data Cards.

2.17 Data Termination Card

The user must punch a "0" sign in the first column. This card indicates
termination of data sets. After this card is read in, a computation starts
and if the computation normally ends, the program requires the data sets for
next job, for which only data sets to modify the previous data spts may be

entered.
2.18 Job Termination Card

The user must punch a "END" word in the first three columns. Wherever

the program meets this data cards, the job stops at once.
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APPENDIX B- Steam Table for ALARM-BI]

1. Preparation of Steam Table

The STG-ALARM computer program generates tables of water properties
and writes these tables on a data set in the proper format for ALARM-BIl.
Properties stored in the tables as functions of pressure and enthalpy include
entropy, specific volume, temperature, thermal expansion, and compressibility.
The properties of water calculated by using the 1976 IFC formulation for
industrial use of the properties of steam!) as coded in the ASTEMZ) package.

The independent variables of the canonical function in the IFC formula-
tion are pressure and temperature. On the other hand, the tables for
ALARM-B1 requires pressure and enthalpy as indepeﬁdent variable. Thus the
water properties for ALARM-Bl are calculated by using the STEAMV package and
some thermodynamic relations. Temperature of single phase water correspend-
ing to given pressure and enthalpy is obtained by iterative technique with
isopiestic heat capacity, and other water properties are calculated with given
pressure and cobtained temperature. Thermal expansion and compressibility for
ALARM-Bl1 is found by thermodynamic variable transformation. For single phase

water, these relations are

(ﬂ) - VB . (B-1)
oh'p Cp
av Cy v
oV = - (— o+ 2By, -2
(ah p (CpK Cp) v, (B-2)
- : - (b
where P = pressure, Cp= (=)
= gpecific volume,
2
= enthalpy, Cy = Cp - ng ,
<
-1 v
g = . (BT)p
-1 v
ce-t G

and for saturated liquid and vapor, they are

dh _ o Vg Vi |

dp Cp hg - hif T + (v~-vTR), (B-3)
dv Ve~ Vf

—_——— = 7. + - . -
ap ver + v hg"hf T, (B=4)
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where, the various quantities on right hand are in the saturated condition.
The pressure, liquid enthalpy and vapor enthalpy as the arry dat are
entered in the STG-ALARM program and the tables shown in' the next section

are generated.

2. Structure of Steam Table

Eleven tables of thermodynamic properties of water are provided. The
first one table .contains saturation properties as a function of the pressure.
Five tables from the second are subcool tables for each property as a function
of the enthalpy and the pressure specified in the first table. Remaining ’
five tables contain superheat properties as a function of the enthalpy and

the pressure in the first table. The array for each table is as follows;

(1) Saturation properties

PS(I,1) : P - PS(L,7) : hg
PS(I,2) : S¢ PS(1,8) : v,
PS(I,3) : S - dvg
g 35(1,9)_f Tﬁ;
PS(L,4) : T PS(1,10): “nf
;] dp
dv
PS(I,5) : hg PS(1,11): ——-gdp
dh
PS(I,6) : vg PS(I,12): Tﬂf

where PS(1,J) is an array symbol and index I(=1v30) refers to pressure. The
pressure, the range of which is 103 < PS(I,1) £ 2.4 x10% kg/m2, in increasing

order are stored in PS(J,l) through PS(30,1).

(2) Subcool liquid properties
For each pressure PS(I,1), and given'liquid enthalpy, the tables of
water temperature, specific volume, thermal expansion, compressibility are

arranged as follows;
PHL(I,K) ; given liquid enthalpy; h

PTL(I,K) ; T
PD (I,K) ; v

av
PDD(I,K) ; (P

dh’ p

oV
PDP(L,K) ; csg)h

»n

e e as et A T
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where, index K (=1v20) refers to given liquid enthalpy. The liquid enthalpy,
the range of which is 10. £ PHL(I,K) = 440. (kcal/kg), in increasing order
are stored in PHL(I,1l) through PHL(I,K). 1If the PHL(I,K) is greater than
the saturated liquid enthalpy; PS(I,5) corresponding to the pressure PS(I,1),

PHL{I,K) is set to the saturation liquid enthalpy.

(3) Superheat steam properties
The tables for superheat steam properties are arranged by the same

scheme in the subcool liquid tables.

PHG(I,L) ; given vapor enthalpy h
PTG(I,L) ; T
PV (I,L) ; w

By
PGD(I,L) @ (5
3h’p

T
PGP(1,L) ; (ap)h

where, L(=1,30) refers to given steam enthalpy. The range of the steam
enthalpy 567. = PHG(I,L) = 933., If the PHG(I,L) is less than the saturated

steam enthalpy; PS(I,7) corresponding to the pressure PS(I,1), PHG(I,L) is

set to the saturated steam enthalpy.

3. References

1. JSME Steam Tables pp99-116 (1968).

2. K. V. Moore, ASTEM —- A Collection of Fortran Subroutines to Evaluate
the 1976 ASME equations of State for Water/Steam and Derivatives of
These Equations ANCR~1026 (Oct. 1971).
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