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COMPUTER PROGRAM OUTLINE

Program Name: NF85 (Near-Field 85)

Computers: Programmed for efficient execution on a large-memory, vector-
arithmetic computing machine such as a Cray. Small problems
can be evaluated on a I imi ted-memory, scalar–arithmetic com–
puter.

Problem or Func- NF85 provides a three-dimensional (cartesian or cylindrical
tion Description: geometry) numerical model for analyzing the effect of explo-

sions on the dynamics of air in structures. The effects of
shock and expansion wave interactions and reflections from
structure surfaces can be modeled correctly in three dimen–
sions. The effects of vent ducts, passageways, and openings
to adjacent rooms on the dynamics of air in the room(s) where
the explosion(s) occur can be modeled efficiently by attach-
ing one–dimensional , boundary-condi tion regions to the exter-
nal boundary of the three–dimensional domain. NF85 can edit
interface conditions as tabular functions of time to be used
as boundary conditions for the EVENT84 computer code, which
evaluates gas dynamic transients in one–dimensional flow net-
works.

Solution Method: The governing partial-differential equations are solved in
their finite-difference form using a semi-impl icit differ-
encing method. An internal procedure automat ical Iy adjusts
the time-step size based on the rate of change of the tran-
sient solution. The time-step size can be increased beyond
the sonic limit to the mater ial-Courant limit using the semi-
impl icit method. For time steps exceeding 80% of the

mater ial-Courant limit, the stability-enhancing two-step
(SETS) method is applied in addition to the semi-implicit
method to al low the use of time steps that exceed the
mater ial–Courant limit to be used. Attaching one-dimensional
regions to the three–dimensional region’s external boundary
is modeled by one-dimensional gas dynamics equations having
full semi-impl icit (and SETS) coupl ing to the three-
dimensional equations.

Problem Complex- AI I array storage is assigned to common-block areas in compu-
ity Restrictions: ter memory and is fixed-dimensioned using parameter-statement

variables. An update/compile/load procedure is used with the
parameter-statement variables assigned dimension values ap-
propriate for the problems to be evaluated. No overlaying of
program or variable storage is done. Thus, a computer with
more than a quarter–roil I ion words of memory is required for
most problems. The three-dimensional region variables gene-
ral Iy require 98% to 99% of the array storage.

Typical Running The running time is highly problem dependent and is a func-
Time: tion of the number of mesh cells in the three-dimensional re-

gion and the dynamic nature of the transient. Typical times
for a Cray-1 computer range from 1 to 2 ms per time step per

vii



Unusual Program
Features:

Related and Auxi-
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Status:

References:

Machine Require-
ment:
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Language:

Operating Systems
or Monitors:

Other Program-
ming, Operating
Information, or
Restrictions:

“Available
Materials:

viii

three-dimensional region mesh cell. The evaluation times for
one-dimensional region mesh cells are generally 5% to 10% of
the above times.

The effect of the surrounding region on the domain of the ex-
plosion can be modeled efficiently with one-dimensional re-
gions attached to the external boundary of the three-
dimensional domain. There is no numerical-stabi I ity restric-
tion on time-step size because the semi-implicit and SETS
methods are used to solve the gas dynamics equations.

The EXCON/TRAP computer programs can be used to postprocess
file GRFDAT data (generated by NF85) into a versatile selec-
tion of graphic plots of the parameters determined by NF85.

NF85 is operational on the Cray-1 computers at the Los Alamos
National Laboratory.

References are provided in the NF85 User’s Manual.

A computer with more than a quarter-roil lion words of fast-
core memory is required to evaluate most problems.

The programming language is FORTRAN-IV.

NF85 is updated using HISTORIAN and compiled/loaded using the
Cray FORTRAN (CFT) compiler/loader. Access to the Cray-1
computers at Los Alamos is through the Cray Time-Sharing Sys-
tem (CTSS).

Subroutines from the Cray FORTRAN mathematics libraries are
required to perform vector ized matrix-inversion operations.

A source list
are avai Iable

ng, the NF85 User’s Manual, and sample problems



NF85: A THREE-DIMENSIONAL, AIR-DYNAMICS COMPUTER CODE

FOR ANALYZING EXPLOSIONS IN STRUCTURES

by

R. G. Steinke

ABSTRACT

The NF85 (Near-Field 85) computer program analyzes the effect of
explosions on the dynamic behavior of air in structures. The explo-
sion is modeled as a time– and space–dependent source of equivalent
air mass and energy. Chemical reactions can be modeled directly with
a combustion–model option, and tracer particles may be used to monitor
combustion-products convection by the air. The near-field region of
the explosion is modeled in three-dimensional cartesian or cyl indri-
cal geometry. Internal structures can be defined in the region to re-
flect shock waves and obstruct airflow. A convenient dump/restart
capability allows the movement or removal of internal structures dur–
ing the transient solution. The effects of the surrounding far-field
region are modeled at the three-dimensional region’s external boundary
by a wall surface, time- and space-dependent pressure or velocity
boundary conditions, and/or one-dimensional “cartes ian–geometry regions
attached to openings in the external boundary. Ventilation ducts,
passageways, and adjacent rooms can be modeled directly with one–
dimensional regions, and the presence of blowers and fi Iters can be
modeled as we! I . One-dimensional regions in NF85 cannot be interconn-
ected, thus requiring the approximation of complex flow-network geome–
try in the far field. An approximate far-field representation Only

needs to model its feedback effect on the near-field region accurately
to obtain an accurate near-field solut ion.. From its so[ut ion, NF&5
can optional [y edit the time–dependent solution–state condition at
any location in its region of solution. This then may be used as an
accurate boundary condition for the EVENT84 one–dimensional flow-
network computer program to enable it to efficiently evaluate the air–
dynamics behavior in a complex flow-network geometry of the far field.

.



1. INTRODUCT ON

nume

mode

from

The NF85 (Near-Field 85) computer code is a three-dimensional , gas dynamic,

ical model for analyzing explosions within structures. An explosion is

ed as a time- and space-dependent source of gas mass and energy, and energy

chemical reactions can be modeled directly. The region of solution is a

or three-) dimensional domain in cartesian or cylindr

s a room or several interconnected rooms encompassing

multi– (one-, two-

geometry that mode

plosion.

We will refer

space ou

possibly

region.

separate

region.

to the room containing the explosions as the “near fie

side the near field is termed the “far field.” The near field, and

a portion of the far field, are modeled by NF85’s multidimensional

Additional portions of the far field can be modeled by connecting

one–dimensional regions to the outer surface of the multidimensional

This special feature of NF85, that of defin ng one-dimensional

s, passageways, or adjacent

cal

he ex-

d;”

boundary-condition regions, can be used to model duc

interconnecting rooms.

NF85 evaluates the behavior of gas (air) in the near–field region. A per- .

tion of the far field can be modeled with the multidimensional region and/or

one-dimensional, boundary-condition regions to account for the far field’s feed-

back effect on the near-field solution. The larger the openings on the near-

field boundary and the smaller the volume of ducts, passageways, and rooms in

the far field that connect to the near field, the further one must model into

the far field. The distance also increases with the magnitude of the explosion,

the presence of reflecting surfaces in the adjacent far field, and the amount of

time to be simulated following the explosion.

Although the far field’s feedback effect on the near-field solution is im-

portant, a correct modeling of the near-field geometry is generally more import-

ant. Shock waves propagate from an explosion and reflect from interior and

boundary surfaces numerous times. Without symmetry, this behavior has three-

dimensional spatial dependence. The locations of an explosion in a room and of

interior and boundary surfaces that reflect shock waves and obstruct gas flow

have a dramatic effect on the gas dynamic solutions. The shock front’s over-

pressure can be amplified by as much as a factor of 8 in airl each time it is

reflected from a sol id surface. Shock-wave-front interactions compress and heat

the air. The rarefact ion (expansion) wave, which propagates in the opposite di-
.

rection from the shock wave, reduces the overpressure and cools the air that it

2



passes through. Surface reflections and the interactions of these wave ‘fronts

produce a complicated space- and time-dependent gas behavior in the field.

After evaluating the near field’s gas dynamic solution, NF85 can edit the

explosion (chemical , nuclear, or physical) energy and the volumetric (pressure

and temperature) or interface-flow (energy and mass) condition as a tabular

function of time at the far-field interface. This information can be used di-

rectly as input data for the EVENT84 computer code.z EVENT84 analyzes explosion-

induced, gas dynamic transients in compl icated far–field flow networks and has

an efficient, lumped-parameter model with one-dimensional spatial dependence ap-

propriate for analyzing the extensive domain of the far field. Using NF85 to

analyze the entire region of interest in the far field could result in a large

computational cost; however, using EVENT84 to model the near field could result

in an inaccurate analysis. Using them in combination

the near field and then interfacing its solution as a

EVENT84 for analyzing the far field) can provide both

mutational cost.

(OY using NF85 to model

boundary condition to

accuracy and reduced com-

Sections II and Ill provide users with a description of the numerical mod-

els and program structure of NF85. The input-data parameters and format are de-

fined in Sec. IV, and a representative problem executed in combination with

EVENT84 is described in Sec. V. Samples of the input/output files are shown

along with a

able to gain

them to mode

graphic presentation of the results. From this, users should be

a sufficient understanding of the capabi I ities of NF85 to enable

and prepare input data for their own problems.

Il. NUMERICAL MODELS

A. Finite-Di fferencing of Space and Time

NF85 simulates the behavior of an explosion in a room using a numerical

model of the structure and the physical state of the air in the room by parti–

tioning the room’s volume into subvolumes called mesh cells using an imaginary

grid. The physical state of the air within each mesh-cell volume is modeled by

mass, momentum, and energy conservation equations. This behavior varies over

time and is evaluated consecutively over discrete time intervals

steps.

Determining the air’s physical state involves modeling both

dependence. Although these dependencies in the actual phenomena

cal led time

time and space

are continuous,

3



NF85 models the air properties as constant over the discrete intervals of mesh

cells and time steps with step changes at interval interfaces. As the sizes of

mesh cells and time steps are decreased (resulting in more to evaluate), the

numerical model ‘s discrete solution approaches the physical phenomena’s contin-

uous behavior. To model time and space dependence accurately, the model’s in-

tervals need to be made small. On the other hand, the calculative effort and

cost are somewhat proportional to the number of such intervals in the model.

When defining the model, a compromise on interval size must be made to keep the

calculative effort and cost within reason and yet evaluate time and space de-

pendence accurately.

1. Spatial Mesh. The number of mesh cells in the region of solution is a

user decision. The mesh cel 1s must be regular: that is, the imaginary-grid in-

terface between mesh cells is a straight line in two dimensions and a flat plane

in three dimensions. The interfaces are parallel or orthogonal to each other.

The user has the option of modeling cartesian or cylindrical geometry in the

multidimensional region. However, only cartesian geometry is used in the one-

dimensional boundary-condit ion regions. In cartesian geometry, the multidimen-

sional region’s direction having the most mesh cells should be defined as the

z-direction. This enables NF85 to execute more efficiently on a vector machine

because the innermost DO loops (which the compiler vector izes) are over mesh

cells in the z-direction.

Mesh-cell interval lengths are defined through the input data and can vary

from mesh cell to mesh cell in a given direction. Smaller mesh-cell lengths

should be defined in locations where larger variation in the air’s physical be-

havior is anticipated. Generally, this is difficult because spatial variations

migrate around the region of solution as problem time advances, whereas the

mesh-eel I grid is fixed in space (an Euler ian spatial mesh). This situation

probably is modeled best with a constant mesh-size grid.

2. T\me Steps. NF85 determines the appropriate time-step size at the be-

ginning of each time step based on the rate of change of the air parameters in

the previous time step. The user controls the time-step size only through the

input-data–defined initial time-step size, DELT, and the minimum and maximum

time-step size constraints, DTMIN and DTMAX, for each time domain. The internal

criteria that NF85 uses to adjust the time-step size are the following.

. DELFMX = 10 times the material Courant-limit time-step size =

min(lO*DELVMX, 9.9999999), where DELVMX = llmax(VMAXT,

4



● DEL

2* VMAXT-VMAX, O.

n = (i ,j ,k) and

time-step value

MX = The estimated t

sure iterat

gas dynamic

time-step s

required to

), where VMAXT = max(l~n+fillAxn+fi)

n = i mesh cel Is, and where VMAX =

of VMAXT.

me-step size that would result in

ons

for all

previous

ive pres–

being required to converge the next time

solution = At*(S/lTNO), where At is the prev

ze and ITNO is the number of pressure iterat

converge the previous time-step solution.

step’s

Ous

ons

. DELCMX = The estimated time-step size that would result in a maximum 5%

change in any mesh cell ‘s air temperature or pressure during

the next time step = min(At*0.05/max(DTVMX, DPRMX). 9.999999),

where D

[Ipn(t)

cells.

mesh ce

VMX = max [lTn(t)-Tn(t-At) l/Tn(t-At)] and DPRMX = max

Pn(t-At )l/Pn(t-At)] for all n = (i,j,k) and n = i mesh

Tn(t) and Pn(t) are the air temperature and pressure in

I n at the start of the present time step.

. DELRMX = A time step that is 5% larger than the previous time step =

I.OS’At.

The next DELT time-step size is taken to be the minimum value among these four

criteria and the maximum time-step size, DTMAX:

DELT = min(DELFMX, DELIMX, DELChlX, DELRMX, DTMAX). (1)

If

ed

ca

ca

B.

DELT is less than the minimum time-step size (DTMIN), NF85 generates a full

t (short, long, graphics, dump/restart, and EVENT interface) and ends the

culat ion. A smaller minimum time-step size would be required to restart the

culat ion.

Gas Dynamics Equations

The behavior of air within the region of solution over time is governed by

ng partial-differential equations for. the follow

mass, *+ ~.py = ms ;
at – (2)

5
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(3)

(4)

t is time,

p is air density,

ms is the explosion’s source of equivalent–air mass per unit time per

unit volume,

~ is air velocity (a vector),

P is air pressure

K is the friction-factor coefficient for air drag on structure sur-

faces,

g is the acceleration of gravity (a vector),

e is the air internal energy per unit mass, and

es is the internal plus combustion

sion’s mass source.

The air total energy per unit mass iS t?+kl~

energy per unit mass of the explo-

2, and the air temperature s e/cv,

where (in NF85) Cv = 717.890403 J/kg/K is the specific heat of air at constant

volume. The air-parameter variables (p, ~, e, and P) are functions of time and

space. In the above differential equations, spatial dependence is determined by

the gradient ~ and divergence ~ ● operators.

In these equations, we first define the parameters p, e, and P to have

their values volume-averaged over the mesh cell and defined at the mesh-cell

center. The air-velocity vector’s component that is normal to a mesh-cell side

had its value area-averaged over the mesh-cell side and defined on the mesh-cell

side. Only the normal component of the velocity vector was defined. This com-

monly is referred to as a staggered spatial mesh on each mesh-cell side.

Using this notation, the mass, motion, and energy differential equations

were integrated over a time-step interval and a spatial volume. The mass and

energy equations’ spatial volume is a mesh-cell volume. For the motion equa-

tion, we first took its dot product with a unit vector in each orthogonal di-

rection to obtain a velocity-component differential equation for each direction.

6
.



Then, each velocity-component equation was integrated over the spatial volume of

the adjacent halves of the two mesh cel Is on whose common side the velocity com-

ponent is defined.

This procedure is detailed and involves a number of difference-scheme ap-

proximations. Appendix A contains a description of this procedure; the result-

ing finite-difference equations that are programmed in and solved by NF85 also

are presented in Appendix A.

Many of the terms in the equations derived in Appendix A were defined to

have implicit (rather than explicit) spatial coupling; that is, the equations

for all mesh cells were coupled, and they need to be solved as a matrix equation

rather than as individual equations. The derived equations are based on a semi-

implicit, finite-difference scheme that provides a stable solution using time

steps larger than the sonic I imit. The sonic limit is the minimum time required

for a pressure wave traveling at the speed of sound (c =-) to cross any

mesh cel I . For an ideal gas (discussed in the next section),

c =V~-=~y(y-l)e , (5)

where y = cp/cv = the ratio of specific heats at constant pressure and constant

volume = 1.39986953 for air in NF85. An expansion-wave front travels at the

speed of sound. A shock-wave front travels at the speed of sound times a Mach

number Ms (where hfs ~ 1), where

Ms =

and P+ = the gas pressure ahead—

for an ideal gas,

of (+) and behind (–) the shock-wave front.

(6)

After an explosion, the shock and expansion waves produced are propagating

throughout the region of solution, reflecting from structure surfaces, and in–

teracting. A large change can occur in the air temperature and pressure when

these waves cross a mesh cell. This results in the time-step size probably be-

ing I imited to a fraction of the sonic I imit by DELCMX’S 5% maximum change in

temperature or pressure during a time step or by DELIMX’S desired five pressure

7
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iterations per time step (Sec. 11.A.2). During the initial 0.1 s after an ex-

plosion, evaluating the multiple reflections and interactions of shock waves and

rarefaction waves with the semi–implicit equations requires several times the

calculative effort that would be required to evaluate the

However, the implicit method will allow the time step to

magnitude beyond the sonic I imit after the rapid transien

dissipated throughout the region of solution. If the exp

had be[

the ca

sients

a time

over

EVEN”

step

n used, the time-step size would be constrained to

expl icit equations.

ncrease an order of

of wave motion has

icit method equations

the sonic limit, and

culative requirement would be almost an order of magnitude more for tran–

of 0.5 s or longer. The EVENT84 analysis of the far field usually spans

interval of 1 or 2 s after the explosion. NF85 needs to be evaluated

tl,at time interval to provide a far-field interface boundary condition for

84.

NF85 goes one step further by superimposing the stability-enhancing, two-

(SETS) method3’4 on the semi-implicit method. The method’s stabilizer

equations are defined in Appendix B. By evaluating the stabilizer equations of

motion before the pressure iteration (which evaluates the semi-impl icit method’s

mass, motion, and energy equations) and then completing the time step by evalu-

ating the stabi I izer mass and energy equations, the SETS method provides numer-

ical stability when the semi–implicit method’s mater ial–Courant limit on time-

step size is exceeded. The mater ial-Courant limit time-step size is the minimum

time required for the gas (air) to cross any mesh cel I based on its’ material ve-

locity (~). This time-step size limit on the semi-implicit method solution is

generally an order of magnitude larger than the explicit method’s sonic limit.

The rate of change of the near-field transient a few tenths of a second after

the explosion may decrease to the point where the time-step size becomes con-

strained by the mater ial-Courant limit. With the SETS method (which increases

the calculative effort per time step by about 20%), larger time steps can be

used to reduce the overal I calculative effort. NF85 currently allows the time

step to increase with the SETS method to 10 times the mater ial-Courant limit be-

fore DELFMX limits the time-step size.

Until the time-step size reaches the mater

od’s stabi I izer equations do not need to be eva

stabi I ity of the solution. NF85 is programmed <

al-Courant limit, the SETS meth-

uated to maintain the numerical

o start evaluating the SETS

method equations when the time step exceeds 80% of the mater ial-Courant limit

and to continue evaluating them until the time step decreases to below 75% of

8



the mater ial-Courant limit. The SETS method is used only when a larger time

step can be used based on the rate of change of the transient solution. The

criterion for applying the SETS method has a 5% historesis to reduce back–and-

forth switching, which could result in the method being applied on alternate

time steps.

C. Equation of State

Air is assumed to behave as an ideal gas defined by the fol

of state (EOS):

P= (y-1) pe,

where

P is air pressure,

y is the cp/cv ra

constant volume

p is air density,

e is air internal

Other gases introduced

owing equation

equivalent moles of air

gases represent no more

(7)

io of specific heats at constant pressure and

(equals 1.39986953 for air in NF85),

and

energy per unit mass.

nto the room from the explosion are represented by their

This approximation is valid as long as the explosion

than a few per cent of the moles of air in the room.

From statistical mechanics, the value of y = (n+2)/n depends on the inter-

nal degrees of freedom (n) of the gas. For a noble gas, n=3andy=5/3=

1.67; for a diatomic gas such as air, n = 5 and y = 7/5 = 1.4. For more compli-

cated gas molecules, n increases and y decreases and approaches unity. At large

energies, n and y can be time-dependent. For a short time after an explosion,

the gas formed from the detonation can behave as though y = 3.S Therefore, as-

suming the explosion gases behave as air can be a poor approximation. The error

can be kept smal I only

the air of the room.

D. Internal Structure

Mesh cells within

by having a relatively small amount of explosion gases

the multidimens onal region can contain air, structure

(solid material), or both. Structure is assigned to each mesh cell through

in

9



input data as the fraction

of structure in a mesh cel

to modify it is to change <

edit from a previous calcu

dump/restart edit as input

of its volume that,is not air. The volume fraction

is constant throughout a calculation. The only way

he structure volume fraction in a dump/restart data

ation and perform a restart calculation using that

data. In this way doors, walls, ceilings, ducts,

the region of solution.

is defined through the volume

ow is modeled by the fraction of a

and so on can be moved within or removed from

The presence of structure in a mesh cell

fraction it occupies; its obstruction to airf

mesh cell’s side area” that is not available for flow. A mesh cell that is en-

tirely structure must have zero flow-area fractions defined to all of its sides.

E. Wall Friction

The presence of an internal structure or an external boundary implies the

presence of a solid surface (wall) applying friction drag to air flowing past

it. Wal I fr ict ion is modeled by the Kl~l~ term in the mot ion equat ion [Eq. (3)1.

Using the Fanning equation, G the friction coefficient is defined by

K = 2f/Dh,

where

(8)

f = Fanning friction factor and

Dh = hydraulic diameter for airflow through the

mesh-cell side area that is open to flow.

For Iaminar flow,

f = 16/Re for Re <2100 (9)

I

from the Hagen-Poiseille equation. NF85 constrains f in Eq. (9) to be less than

or equal to unity. For turbulent flow, I



f = 0.0791 * Re-0”25 for Re > 2100 (lo)

from the Blasius equation. Re is the Reynolds number equal to Dhl~lp/p. NF85

uses Re = 1187.4 rather than 2100 as the transition point between these two def–

init ions so that f is continuous. The air viscosity p is dependent on the air

temperature T and is approximated by the following second-order polynomial ap-

proximation.7

P = 1.708 x 10-5 + 5.927 x 10-8(T-273.15) + 8.14 X 10-n (T-273.15)2
for T < 502.15 K, and ---

P = 2.4748 x 10-5

(11)

+ 4.193 X 10-8(T-273.15) + 1.09 X 10-11 (T-273.15)2
for T > 502.15 K.

The zeroth-order coefficient value, 2.4748 x 10-5, has been increased from the

1.735 x 10-5 value in Ref. 7 to provide continuity at T = 502.15 K. For

noncircular-flow areas, the input-data-specified hydraulic diameter Dh should be

approximated by 4 times the cross–sectional flow area divided by the wetted-

surface perimeter.

In NF85, the friction coefficient K defined by Eq. (8) has an input-data-

specified, friction-adjustment factor, CFZV,

terface,

K = ICFZVI 2 f/Dh .

applied to it at each mesh-cell in–

(12)

Inputting CFZV = O or

mesh–cell interface.

value of unity al lows

Dhl < 10-5 m turns of the air/wall friction model at the

nputting a value for CFZVI different from the nominal

he user to incorporate effects such as surface roughness

or arbitrary adjustment of air/wall friction. Applying a negative sign to the

value for CFZV acts as a flag to constrain the definition of the Fanning fric–

tion factor (f) to the 16/Re Iaminar-flow functional

Reynolds number (Re). Th

filter component. Inputt

form for all values of the

s provides an approximate low-resistance model for a

ng a hydraulic diameter Dh < –10-5 m will result in

11



NF85 modeling an orifice plate at the mesh-cell interface. NF85 does this by

replacing IVI in the K IV]V term with n“~, that is, the velocity component nor-— —— ,.

mal to the mesh-cell interface rather than the total velocity. No cross-flow is

assumed to occur along a mesh-cell side having an orifice plate. The absolute

value of Dh defines the hydraul ic diameter.

F. Boundary Conditions .

The external boundary of the multidimensional region is a solid external-

wal I surface by default. The mesh-cell sides on the external boundary are de-

fined internally to have a zero flow area and a zero normal-velocity component.

Gas-state properties are reflected across the external boundary to define a

zero–gradient boundary condition.

The user can modify this boundary condition locally through the input data.

Applying a different boundary condition locally involves defining its rectangu-

lar subarea on the external boundary. The rectangular subarea spans a distance

of one or more mesh cel Is in each of the rectangle’s two directions. One of the

following boundary conditions then is defined in

boundary.

NBC = O

NBC=*1

NBc~2

for a time-independent (constant) air ve

ternal boundary.

hat subarea

ocity norma

on the external

to and on the ex-

for a time-independent (constant) air pressure located a half-mesh-cell

distance outside the external boundary. (The numerical sign * defines

how momentum in-flow to the external-boundary velocity cell is to be

modeled, that is, how the normal velocity a mesh–cell distance outside

the external boundary is to be defined. Inputting -1 defines that ve-

locity to be the same as the calculated normal velocity on the external

boundary such that VOVV= O on the velocity cell’s external boundary;——

inputting +1 defines that velocity to be the input-data-speci fied nor-

mal velocity on the external boundary held constant throughout the

calculation such that V“VV A O on the velocity cel I ‘s external bound-——

ary.)

for a one-dimensional, boundary-condit ion

its gas dynamics equations coupled impl ic

tions of the multidimensional region.

region of NBC mesh cel Is with

tly to the gas dynamics equa-



The

its

of

any

~

first two of these boundary conditions can be de

rectangular subarea of mesh-cell sides on the ex

hese boundary conditions can be defined through

of the six external-boundary faces of the multid

ined to vary spatial Iy over

ernal boundary. Any number

nput and appl ied local Iy on

mensional region.

One-DimensionalJ 130undary-Condi tion Regions

Ventilation ducts, passageways, and adjacent rooms connected to the near-

field room

one-dimens

than model

ary condit

s multidimensional region by areas open to airflow can be modeled by

onal, boundary-condition regions. This generally is more accurate

ng them indirectly using time-independent velocity or pressure bound-

ons. They could be modeled more accurately by expanding the mult idi-

mensional region to include them, but the cost of the calculation and the

computer-memory requirement can become excessive.

The gas dynamic, finite-difference equations for the one-dimensional,

boundary-condition regions are presented in Appendix C. They are the multidi-

mensional , gas dynamics equations reduced to one-dimensional, spatial dependence

in cartesian geometry. Their solution is coupled impl icitly to the multidimen-

sional region’s equations. The one-dimensional region’s first mesh cell is cou-

pled directly by convection to all the mesh cells of the multidimensional region

that contact the boundary condition’s rectangular subarea. Solving the one-

dimensional region equations involves defining them to be a function of the gas-

state parameters in the contacting mesh cells of the multidimensional region.

These equations for the one-dimensional region’s mesh cells are directly invert-

ed. The resulting equation for the first mesh cell is applied as the boundary-

condition requirement for the multidimensional region. After the multidimen-

sional region’s solution is determined, its gas–state parameter values in the

mesh cells that contact the boundary condition’s rectangular subarea are back-

substituted into the one-dimensional region’s inverted equations to solve for

their gas-state solution. This solution procedure is performed on the semi-

impl icit equations evaluated during the pressure

stabi I izer equations of the SETS method.

The user has more latitude in modeling phys

dimensional, boundary-condit ion region than with

The multidimensional region’s orientation and vo

iteration as wel I as on the

cal geometry with a one–

the multidimensional region

ume are I imited by its regu ar

mesh-grid overlay. On the other hand, the one-dimensional, boundary-condition

region can change direction and volume from mesh cell to mesh cell. Directional

13



orientation is defined by the gravity component specified through input for each

mesh-cell interface. A mesh-cell volume can range from being a portion of a

duct to being an entire room. Each mesh cell’s volume is input as the actual

volume occupied by air, not as a volume fraction.

is input. The mesh cell’s volume divided by its

cross–sectional area. The flow area between mesh

differ from the cross-sectional area of either of

The outer-end interface of the last mesh cel

Each mesh cell’s length also

ength defines the mesh cel I ‘s

cel Is also is input and may

its adjacent mesh cel Is.

(NBC) has a +1 type pressure

boundary condition (Sec. 11.F) applied to it. The boundary condition’s time-

independent pressure and temperature are the input–specified values for ficti-

tious mesh cell NBC+l. Specifying a zero flow area on the outer-end interface

yields a zero-velocity boundary condition at the end of the one-dimensional re-

gion. A major restriction on defining a one-dimensional, boundary-condition

region is that mesh cel I NBC only couples to mesh cel I NBC-1. It cannot be cou-

pled to any mesh cell of any one-dimensional region or to any rectangular sub-

area of mesh cel Is on tt

this would form a flow

dimensional region’s so

e multidimensional region’s external boundary. Doing

oop that would compl icate the numerics of the one–

ution.

H. Blower/Fan Model

The presence of a blower/fan in a vent duct is modeled by the pressure

change it effects across its component. This is done with a blower curve of

tabular data based on actual experimental measurements, including backflow and

outrunning-flow conditions. The blower curve input to NF85 is its pressure

change as a function of the flow velocity through the blower. If the available

blower curve is a function of the volumetric flow rate, dividing the volumetric-

flow values by the flow area at the one-dimensional region mesh-cell interface

where the blower is defined gives the flow velocity through the blower. In the

portion of the blower curve where the blower’s pressure change is driving air-

flow, the numerical sign of the pressure change should be the same as that of

the velocity. The slope of the blower curve must be negative throughout its

defined range. Linear extrapo

outside the curve’s defined ve

14
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1. Tracer Particles

The gas in the region of solution is assumed

modeled by the ideal gas EOS for air (Sec. 11.C).

ticulate matter or other gases suspended in the a

to be air with i

Actually, there

r that convect w

and it may be of interest to the user to trace the movement of these other mate-

s behavior

may be par-

th the air,

rials within the region of solution. For this purpose, up to five different ma–

terials, called tracer particles, can have their initial spatial distributions

specified through input and then convected with the air during the calculation.

The user specifies the fraction

cles are to be convected. This

relative to the air to be taken

terial on pressure is accounted

of the air velocity by which all tracer parti–

al lows the reduced velocity of tracer particles

into account. The effect of tracer-particle ma-

for by its equivalent moles of air included with

the air that is present. Tracer

solution; however, the gas dynam

particles. The tracer-particle

through input and then convected

particles per se do not affect the gas dynamic

c solution’s air velocity connects the tracer

nitial spatial distribution is specified

with the air during the calculation.

Explosions that produce external sources of equivalent air mass and energy

can be defined to produce a mass source for each tracer particle. The mass-

generation rate for each tracer particle has its own time history specified

through input, but its spatial distribution is the same as for the air-mass

source. If the explosion source uses the combustion model described in

Sec. 11.K, array storage for four of the five tracer particles is reserved for

the combustion model’s chemical reactants. This results in the user being lim-

ited to one tracer particle when using the combustion model .

J. External Sources

Any number of external sources can be specified through input data. Each

source defines a time-dependent mass–generation rate and energy per unit mass

having spatial dependence within a subvolume of the multidimensional region.

The mass source is the explosive-material mass-generation rate in units of kilo-

grams per second or pounds-mass per second. Any portion of that mass can be as-

signed to each of the one to five tracer particles defined. A factor is input

or defined internal Iy to convert the explosive–material mass to its decomposed

gas-mole equivalent mass of air. The energy per unit mass can be the total en-

ergy addi tion, or it can be the internal energy associated with the mass source.



In the latter case, the combustion mode

ergy yield from chemical combustion.

K. Chemical Combustion

The chemical-combust ion model eva

reactions of hydrogen gas (H2), carbon

with oxygen gas (02). At the start of

following reactions take place until e

the 02 has reacted.

H2 + % 02~ H20 + energy

c + % 02 ~CO + energy

co +x 0’2 ~C02 + energy

It is assumed that all of the H2 first

is used to evaluate the additional en-

uates the energy yield from the chemical

solid (C), and carbon monoxide gas (CO)

each time step in each mesh cell, the I

ther all of the H2, C, and CO or all of I
I

reacts

Then all C reacts with 02 before CO reacts wi

tion products (H20 and C02 g?ses) are modeled

with 02 before C reacts with 02. “

h 02. When generated, the reac-

as equivalent moles of air. The

reaction product CO gas is the source of the next reactant. For the reactions

to take place, it is assumed that only the presence of H2, C, or CO and 02 in a

mesh cell is necessary.

poss

0’2.

out <

more

When using the combustion model, NF85 internally reserves four of the. five

ble tracer particles to store the spatial d stribut ions of H2, C, CO, and

Initially, the 21% mole fraction (23.29% we ght fraction) of air through-

he region of solution is defined to be 02. During the calculation, one or

external

mount of each..
material mass

ratio for the

n = 4 for 02.

sources can be defined to generate H2, C, CO, and/or 02. The a-

reactant is the time- and space-dependent source of explosive–

multipl ied by FRMn and RAMEM. FRMn is the reactant-to-air mass

nth reactant, where n = 1 for H2, n = 2 for C, n = 3 for CO, and

RAMEM is the air-to-explosive-mater ial mass ratio for an equiva-

lent number of moles of air and decomposed-explosive component gases. For ex-

ample, when decomposed, TNT (C7H5N306) has 2.5 moles H2, 1.5 moles N2, and 3.0

moles 02 for a total of 7.0 moles of component gases in a unit molecular weight

of TNT. Thus, in this case, RAMEM = [7.0 * (0.21 * 2.0 * 16.0 + 0.79 * 2.0 *

14.008)1/(7.0 * 12.011 + 5.0 * 1.008 + 3.0 * 14.008 + 6.0 * 16.0) = 0.889177.
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For each external source that specifies internal energy and uses the combustion

model to evaluate chemical-combustion energy, FRMn can be specified through in-

put or defined internally by NF85 from Table I for n = 1 to 4.

The three chemical reactions of H2, C, and CO with 02 are the default re-

actions modeled by NF85. Other reactants reacting with oxygen are possible re-

placements if in addition to FRMn and RAMEN, the user specifies input values for

the fol lowing combustion-model parameters.

1. The ratio o

ity chemica

WTR(l) = O.

numerical s

reactant n mass to oxygen mass combining in the nth prior-

reaction, WTR(N). [The internally defined values are

26, WTR(2) = -0.750687, and WTR(3) = 1.750687; the value’s

gn defines the reactant to be a gas (+) or sol id (-)1

2. The ratio of a mole of air mass to a mole of the nth chemical-react ion

product mass, PDR(N). [The internal Iy defined values are PDR(l ) =

1.601501, PDR(2) = -1.030047, and PDR(3) = 0.655578; the value’s numer-

ica

equ

3. The

sign def

valent ai

energy re

tion product,

1.58661 X 107

nes the reaction product to be stable and

(+) or to be the next reactant (-). ]

eased from the chemical reaction per unit

represented by

mass of reac-

ECB(N). [The internal

J/kg, ECB(2) = 3.94575

y defined values are ECB(l) =

x 106 J/kg, and ECB(3) = 6.43010 x

106 J/kg (obtained from Ref. 8).1

An important capability of the combustion model is its ability to evaluate

the condition where there is insufficient oxygen in a mesh cel I to react with

all the H2, C, and CO that is present. To react them with 02 requires that

they be convected into adjacent mesh cells where oxygen is present and/or that

oxygen be convected into their mesh cel 1. This results in a delayed release of

chemical–combustion energy with a spatial distribution extending beyond the re–

actant’s mass–source spatial distribution.

L. EVENT84 interface-Condit ion Edit

One or more interface conditions can be edited by NF85 for use as an input-

data boundary condition for the EVENT84 computer program. Each ilterface condi-

tion can be located anywhere within the multidimensional region or within the

17



REACTANT TO

TABLE I

GAS-MOLES-OF-EQU IVALENT-A I R-MASS RATIOS (FRMn)

AND RAMEN FOR EXPLOSIVE MATERIALS

Reactants g (TNT)

Hydrogen gas 1 0.024954

Carbon solid 2 0.416288

Carbon monoxide 3 0.0

Oxygen gas 4 0.475322

RAMEN 0.889177

Irlnitrotoluene Tributyl Phosphate Hydrogen
(TBp) or “red oil”

Acetylene
Gas Gas

0.060856 0.069872 0.069872

0.322287 0.0

0.0 0.0

0.143108 0.0

1.679230 14.3”

one-dimensional, boundary-condition reg

ther the average volumetric state (gas

0.832575

0.0

0.0

1825 1.108097

ens. The interface condi

emperature, gas pressure,

particle densities) next to user-defined fil led rectangular area or the average

ion can be ei-

and tracer–

flow state (gas-mass, gas-energy, and tracer-particle-mass flow rates) through

a user-defined fi I led rectangular area. In the multidimensional region, the

rectangular area is the combined interfaces in a plane on the positive-direction

side of a range of input-specified mesh cells. In a one-dimensional region, the

rectangular area is the positive-direction interface of a mesh cell. The inter-

face condition is averaged over either the volume of al I mesh cells whose

positive-direction faces lie within the rectangular area or the surface area of

all mesh–cell interfaces within the rectangular area. These spatially averaged

parameters are evaluated and edited to file EVIDAT beginning at a starting time

and with a frequency specified through input data. The maximum number of tabu-

lar time points of interface-condition parameter data is the fixed dimension

defined to parameter-statement variable NTPEV

111. PROGRAM DESCRIPTION

A. Program Structure

NF85 is programmed in FORTRAN

without program or variable-storage

18

n NF85 (Sec. 111.A).

V for execution on a large-memory computer

overlays. The prograrmning was done in a



manner that enhances compi Ier vector ization on a vector machine. Array vari-

ables are stored in a common area of memory with fixed dimensions defined by pa-

rameter statements. The parameters defining those array dimensions are shown in

Table II.

The program’s array-stol

problem by defining the prob

Table Il. This is done with

age requirement needs to be specified for a given

em’s actual size values using the parameters in

an update fi Ienamed UPNF85 that defines values to

these parameters in the first four parameter statements of *COMDECK PARSET1 in

program-library file F’LNF85. File UPNF85 has the following lines of update in-

formation.

I *IDENT DIMSIZ

*DELETE PARSET1 .3,6

PARAMETER (NXRMX = ###, NYTMX = ###, NZMX

PARAMETER (NTBC = ###, NTCBC = ###, NBT =

PARAMETER (NES = ###, NTPES = ###, NXYZES

PARAMETER (NEV = ###, NTPEV = ###)

= ###, NXYZMN = ###, NRTZ = #)

###, NBPT = ###)

= ###)

The characters ### stand for the user-specified, dimension-size value for each

variable name. With program-library file PLNF85, binary-executable file BNF85,

update file UPNF85, and controller file CNF85 in your local file space on a Cray

computer, execute the fol lowing command:

XEQ CNF85 / 1 1.2

The CNF85 controller updates, compiles, and loads the NF85 program to generate

an appropriately “dimensioned, executable fi Ie cal led GONF85 for evaluating a

problem. For access to the above files, contact the NF85 computer-program cus-

todian to obtain the central file system (CFS) path name where these files are

stored permanently. Fi Ie UPNF85 can be obtained from CFS storage, and a text

editor can be used to redefine its

The array-storage requirement

parameter values for a specific problem size.

for the three-dimensional region can be very

large. The tota

ating the fal low

words of array–s orage requirement can be estimated by evalu–

ng expression.



Variable Name

NXRMX
NYTMX
NZMX-
NXYZMN

NRTZ
NTBC
NTCBC

NBT

NBPT

NES

NTPES

NXYZES

NEV

NTPEV

TABLE II

ARRAY-DIMENSION PARAMETERS

Description

Number of mesh cel Is in the x or r direction
Number of mesh cells in the y or t direction
Number of mesh cel Is in the z direction
The minimum value among the values of NXRMX, NYTMX,

and NZMX
Geometry-type number [0 = cartesian, 1 = cylindrical]
Number of one-dimensional , boundary-condition regions
Maximum number of mesh cel Is in a one-dimensional,

boundary-condition region
Maximum number of blower curves defined to interfaces

in all one-dimensional, boundary-condit ion regions
Maximum number of data pairs in any one of the blower

curves
Number of external sources in the three-dimensional

region
Maximum number of time points in an external-source

history table
Maximum number of mesh cel IS in an external-source

spatial-shape distribution
Number of interface conditions to be edited for

EVENT84
Maximum number of time points in an interface-

condition history table

116 * (NXRMX+3) * (NYTMX+3) * (NZMX+3) + [(3+(I-NRTZ)/NXYZN) * NXRMX

* NYTMX + 1] * NXRMX * NYTMX * NZMX * INT ((NXYZN+l)/NXYZN) + 63

+8 * NTBC (4 + 49 * NTBC) * ( NTCBC + 2) + 2 * NBT * (NBPT + 1)

+ NES * (13 + 8 * NTPES + 2 * NXYZES) + NEV * (9 + 8 * NTpEV),

where NXYZN = NXYZMN + NRTZ * (NZMX - NXYZMN).

For a representative problem where NXRMX = 10, NYTMX = 5, NZMX = 20, NTBC = 2,

NTCBC = 50, NBT = 1, NBPT = 10, NES = 2, NTPES = 20, NXYZMN = 5, NRTZ = O,

NXYZES = 18, NEV = 3, and NTPEV = 100, and NRTZ = O, the array-storage estimate

from the above expression is 466 922 words. Data for the three-dimensional re-

gion (dimensioned by NXRMX, NYTMX, NZMX, NXYZMN, and NRTZ) represents 98.2% of

the total storage requirement.
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B. Input/Output Files

When executing NF85, up to seven input/output

quired. Table Ill lists the unit number, assigned

transferred through these data channels.

data

file

Unit 5 is the only input-data channel. File INPUT

channels may be re–

name, and type of data

contains problem–

defining parameter values specified by the user. The format for file INPUT is

described in the next section. During execution of GONF85, NF85 reads in data

from file INPUT and echoes it back to file OUTPUT. As the calculation proceeds,

calculative results are sent to file OUTPUT at a frequency and in an amount spe–

cified in the input data. Messages describing the progress of the calculation

and the occurrence of any execution errors are sent to files OUTPUT and MSGDAT

and to the terminal display.

The gas-state solution also is edited by NF85 to the GRFDAT file at an

input-data-defined frequency. GRFDAT is a binary data file formatted to be read

by the EXCON/TRAP computer programsg for graphics postprocessing. EXCON (EXe-

cute data Conversion) and TRAP (TRAc Plot) are a pair of computer programs de-

veloped independently as a graphics postprocessor package for the Transient Re–

actor Analysis Code (TRAC). T The convenience and versatility of this graphics–

generating package are the reasons for using it for graphic presentation of NF85

results. The data from NF85 or TRAC is ordered in blocks associated with spa-

tial subregions within edits at successive problem times. EXCON reads these

data and rearranges them into blocks of spatial-subregion data for all problem

time edits. These blocks of data are written to binary files named COMP##,

where ## is the spatial–subregion number. TRAP then reads the COMP## files for

TABLE 111

NF85 INPUT/OUTPUT DATA CHANNELS

Unit Number

5
6
7
11
12
13
59

INPUT
OUTPUT
MSGDAT
GRFDAT
RESDAT
EVIDAT

Terminal Display

ASCII
ASCII
ASCII
Binary
ASCII
ASCII
ASCII



the spatial-subregions whose data are to be plotted. For NF85, the three-

dimensional region data are in file COMPO1, and the Nth one-dimensional,

boundary-condition region data are in file COMP## where ## = N+l. User-defined

input

speci

ther

them.

capab

data for EXCON and TRAP can be specified interactively at the terminal or

ied through an input-data file. Refer to the TRAP User’s Manualg for fur-

nformat ion about the features of these computer programs and how to use

TRAP is highly

Iity provide by

Facility. Converting

tensive changes.

File RESDAT is a

dependent on the unique graphics-hardware and -software

the Los Alamos National Labora

TRAP for use at another comput

dump/restart data file contain

the input-data format. The frequency of these edits

ory’s Computing Center

ng facil ity may require ex-

ng gas-state time edits in

is defined by the time-step

domain input data. After evaluating a problem, any one of these edits can be

copied with a text editor from fi Ie RESDAT to a new fi Ie

time edit copied is the last one and no changes are made

GONF85 represents a restart continuation of the calculat

RESDAT file. If another one of the time edits is chosen

changed, executing GONF85 represents a restart-branch ca

starting a calculation, care must be taken to rename the

named INPUT. If the

to the data, executing

on that generated the

and the data are

culat ion. When re-

output files from

previous calculation to save them in your local file space. Not renaming

will result in the next calculation overwriting them.

File EVIDAT is used by NF85 to edit the interface-condi tion parameter

for EVENT84 in EVENT84’S required input-data format. The interface condit

the

hem

data

on is

either the volume-averaged air pressure, air temperature, and tracer-particle

densities or the area-averaged air energy flow, air mass flow, and tracer-

particle mass flow at a specified interface location. The parameter data are

defined as a tabular function of problem time. File EVIDAT is written by NF85

only when the interface-condition edit is requested in the NF85 input data.

Iv. INPUT-DATA PREPARATION

A. Input-Data File Organization

The problem-defining parame

an input-data file named INPUT.

INPUT and the parameter-defining

ers required by NF85 are user-specified through

Table IV outlines the data categories in file

cards within each category. The first four

categories (title, general parameters, three-dimensional geometry parameters,
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Category
Description

Title

General
parameters

3-D geometry
parameters

Fluid-state
parameters
for
2-D
in
zd

each
level
he
rection

TABLE IV

INPUT-DATA FILE ORGANIZATION

Card
Description .

Number of title cards
Title card(s)

Number of mesh cells in each of the three directions
Geometry type, 1/0 parameter units, number of edit levels
Number of boundary-condition regions, external sources, in-

terface conditions, and tracer particles, and the initial
time-step number

Initial problem time, convergence criterion, atmospheric
pressure, and tracer–part icle-to-ai r–velocity ratio

Gravity components in each of the three directions
Mesh
Mesh
Mesh

Leve
Air
Air I

cell lengths in the x or r direction
cell lengths in the y or t direction
cell lengths in the z direction

number (or repeat a previous level)
emperatures
ressures

Air volume fractions
Flow-area fraction of mesh cell interfaces

tion
Flow-area fraction of mesh cell interfaces

tion

n x or r direc-

n y or t direc-

Flow-area fraction of mesh cell interfaces in z direct
Hydraulic diameter at mesh cell interfaces in x or r d

tion
Hydraulic diameter at mesh cell interfaces in y or t d

tion
Hvdraulic diameter at mesh cell interfaces” in z direct

oil
rec–

rec–

on
F~ict ion-adjustment factor at interfaces in x or r direc-

tion
Friction-adjustment factor at interfaces in y or t direc-

tion
Friction-adjustment factor at interfaces in z direct
Air velocity at mesh cell interface in x or r direct
Air velocity at mesh cell interfaces in y or t direc
Air velocity at mesh cell interfaces in z direction
Tracer-particle 1 to tracer-particle NTRHO densities
Level numbers whose parameters are to be edited

on
on
ion
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TABLE IV (CONT)

Category
Description

Fluid-state
parameters
for each 1-D
boundary-
condition
region

Mass
generation-
rate and
energy tab
for each
external
source

es

Definition
of each
EVENT84
interface
condition to
be editted

Time-step and
edit-control
parameters

Card
Description

Number of mesh cells in the 1-D region, x or r and y or t
mesh–cell range defining interface to 3–D region

z mesh-cell range defining interface to 3-D region
Flow-area fraction of each 3-D region mesh cell at interface

to 3-D region
Hydraulic diameter of each 3-D region mesh cell at interface

to 3-D region
Air velocity of each

region
Gravity component at
Air temperature
Air pressure
Air volumes
Mesh-cell Ienqths

3-D region mesh

each mesh-eel I

Mesh-cell int~rface flow areas
Hydraulic diameters
Friction-adjustment factors
Air velocities
Tracer-particle 1 to tracer-particle

cell at interface to 3-D

nterface

NTRHO densities

Number of time points in the table, x or r and y or t mesh-
cell range defining source spatial location

z mesh cell range defining source spatial location
Ai r-mass-to-explosive-mater ial-mass ratio
Air-mass generation-rate source history table
Tracer-particle 1 to tracer-particle NTRHO mass generation-

rate source history table
Air-mass source spatial distribution
Air-energy per unit mass history table
Air-energy spatial distribution
Nondefau~t values of combus

Parameter-type option, x or
z mesh–cell range defining

in history table
Time interval between table

pair
Interface-condit ion history

input-data file)

ion-model parameters

r and y or t mesh-cell range
nterface, number of time points

entry pairs, time of next entry

table (only present in a restart

Minimum and maximum time-step sizes, end time, initial time-
step size

Edit time intervals for output, graphics, and restart data
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and fluid-state parameters for each two-dimensional level in the z direction)

and the last category (time-step and edit–control parameters) are required data.

The three categories between them (fluid-state parameters for each one-

dimensional boundary-condition region, mass generation-rate and energy tables

for each external source, and definition of each EVENT84 interface condition to

be edited) are optional data. The third card in the general-parameters category

defines the number of entries in each of these optional categories. The option-

al number of tracer-particles to be convected with the air also is specified on

this card.

Defining the flu

enormous amount of da

file INPUT is defined

(F) modifier for each

n a three–dimensional

d the user in specify

ee format using an op

d state geometry can require an

a. To a ng these data compactly,

with a f ional repeat (R##) or fill

value. Free format means that values do not have to be

located in specific columns on a record line. Up to five data values can be

entered anywhere on each 80–column record I ine with values separated by one or

more blanks. When successive values are the same, they can be specified with

the value to be repeated ## times using the R## repeat modifier before the

value. For example, the value 1.7, seven values of 1.5, and 1.4 could be en-

tered as 1.7 R07 1.5 1.4. This example has three data values on the record

line. Note that the number of times a value is to be repeated is a two-digit

number. When a value is to be repeated 2 to 9 times, a zero digit is needed be-

tween the R and the single digit. A value can be repeated up to 99 times when

input as a single value with a repeat modifier. When all the values to be spec-

i fied on a parameter–defining card are the same, the value proceeded by the fill

modifier F and a blank specifies that all the parameter’s array–elements be as–

signed that value.

When preparing an input-data file, interspersing comments with the data can

help in recognizing and understanding the data at a later time. To enter a com-

ment on any record line, type a * character fol lowed by the comment. All data

values on a record I ine must appear before the * character. A record I ine can

be devoted entirely to a comment without any data values. A blank record line

(to set off blocks of input data) can have a * character or can be left entirely

blank. When NF85 reads data from file INPUT, it reads a~ many record lines as

necessary to obtain the number of values required by the parameter array. Any

remaining values on the last record line that is read are lost.
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B. Input-Data Description

This section describes the data format for the parameter cards in each of

the eight categories of file INPUT. Each parameter value has a defined “Data

Type” that is either A for alphanumeric data (any combination of letters and

numbers), F for floating–point data (fixed-point value ~###.### with a fixed de-

cimal point or

O to9), or I

TheFand

number of a va

(fill-modifier

exponent ial–notat ion value *#.###E~##, where # represents digits

or integer data (~###).

I “Data Type” values can be entered individually, as a repeated

ue with the R## (repeat) modifier, or as a value with the F

to fill the entire parameter array. A value must be specified

for each parameter and parameter-array element. Under free-format input, blanks

do not default to the input value O or 0.0. A blank is recognized only as a de-

limiter between values. Each record line can have from O to 5 values, with or

without the R## or F modifiers appl ied. A parameter card requires one or more

record I ines to supply the necessary number of values.

1. Title. The title provides a description of the problem to be evalu-

ated. The title is written to the beginning of file OUTPUT and to each edit on

the dump/restart file RESDAT.

Value Parameter Data Variable
Position Description Type Name

Number of record lines of title I NUMTCR
Card 1 information (O < NUMTCR < 20)

Title describing the problem A JTITLE(N),
to be evaluated is defined on where N = 1

Card 2 NUMTCR record lines of 80 col- to 10*NUMTCR

I umns each I

2. General Parameters. General parameters define the size of the problem,

user-selected options, and scalar-parameter values. The number of one-dimen-

sional boundary–condition regions, external sources, EVENT85 interface condi-

tions to be edited, and tracer particles convected by the air is specified on

Card 3. Defining their number to be greater than zero provides for their op-

tional implementation in the calculation.
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Card 1

Value Parameter Data Variable
Position Description Type Name

1st Number of mesh cells in the x or I NXR

NYT

r direction (1

2nd Number of mesh
t direction (1

3rd Number of mesh
direction (1 <

< NXR < NXRMX)

cel Is in the y or
< NYT < NYTMX)

cells in the z
NZ < NZMX)

I NZ

Value Parameter Data Variable
-Position Description Type Name

1st Three-dimensional geometry-type I NGEOM
option
O = x-y-z cartesian
1 = r-t-z cylindrical

2nct Input-parameter units option II NIUN
-2”=

-1 =

1=

2=

English gage (s, ft, Ibm,
Btu, F, psig)
English absolute (s, ft,
Ibm, Btu, R, psia)
S1 absolute (s, m, kg, J,

K, Pa)
S1 gage (s, m,

Pag)-

3rd Output-parameter un
-2 = English gage
-1 = English absolu

1 = S1 absolute
2 = S1 gage)

kg, J, C,

ts option

e

I NOUN

All parameters edited by NF85
(except the EVENT84 interface-
condition parameters) wi I I be
in these units

4th Number of z-direction levels I
whose parameters are to be
included in each large edit
(O < NLEVED <NZ)

I NLEVED
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Va I ue Parameter Data Variable
Position Description Type Name

Card 2 5th Printout-control option param- 1 NBURF
(cent) eter for backup calculations

and reverse–flow occurrences
[NBURF = O for.no printout,
NBURF = 1 for printout of all
backup calculations (when the
time step is reevaluated with a
reduced time–step size because
of numerical difficulty),
NBURF = 2 for printout of all
backup and flow-reversal oc-
currences; note: this printout
is to the message fi Ie MSGDAT
only.]

Value Parameter Data Variable
Position Description Type Name

Card 3

28

Ist Number of velocity, pressure, I NXYZBC
and one–dimensional boundary–
condition region boundary con–
ditions to be defined on the
outer boundary of the three-
dimensional region (O < NXYZBC
s NTBC + number of velocity and
pressure boundary conditions)

2nd Number of external sources to
be defined in the three-
dimensional region (O < NEST <
NES)

3rd Number of EVENT84 interface
conditions to be edited
(O < NEVENT < NEV)

4th Number of tracer-particle den-
sities to be convected with the
air (O < NTRHO.< 5 or 1 if com–
bust ion model IS used)

5th Initial time-step number for
the calculation (define
NSTEP = O initially; restart
input-data files will have
NSTEP > O.)

I NEST

I NEVENT

I NTRHO

I NSTEP



Card 4

L

Value Parameter Data Variable
Position Description Type Name

Ist Initial problem time(s) for the F ETIME
calculation (ETIME can be posi-
tive or negative. )

2nd Pressure-i terat ion convergence F EPSO
criterion (The maximum fraction-
al change in the local pressure
during the last iteration is
less than EPSO for pressure-
solution convergence to be sat-
isfied; convergence to at least
four significant digits of ac-
curacy with EPSO = 0.0001 is
recommended. )

3rd Atmospheric pressure in units F f
of psia or Pa based on the
sign of NIUN

4th The ratio of tracer-particle F“
velocity to air velocity (If
0.0 < TRVFR < 1.0 is not sat-
isfied, TRVFR = 1.0 is defined
internal Iy.)

3. Three-Dimensional Geometry Parameters.

gravity unit-vector and the three-dimensional reg

coordinate direction are defined by four cards

and theta directions in cy

lengths are input only for

ity unit-vector component

t directions are evaluated

PATM

TRVFR

he component lengths of the

on’s mesh-cell lengths in each

in this category. For the radial

indr ical geometry, ‘he gravity unit vector component

the interface assoc ated with mesh cell 1. The grav-

engths at all other mesh–cell interfaces in the r and

internal Iy by NF85.

29



Card 1

Va I ue Par ame t e r Data Variable
Position Description Type Name

1st The gravity unit-vector compo- F GCXR
nent length in the x-cartesian
or r-cyl indr ical geometry di-
rection (defined at the radial-
direction interface of theta mesh
cell 1 for cylindrical geometry).
The component length is the co-
sine of the angle between the
gravity vector and the x-
cartesian or r-cylindrical di–
rection vector.

2nd The gravity unit-vector compo- F GCYT
nent length in the y-cartesian
or t–cyl indr ical geometry direc-
tion (defined at the theta-
direction interface between theta
mesh cel Is 1 and 2 for cyl indri–
cal geometry). The component
length is the cosine of the angle
between the gravity vector and
the y-cartesian or t-cylindrical
direction vector.

3rd The gravity unit-vector compo- F GCZ
nent length in the z–direction.
The component length is the co-
sine of the angle between the
gravity vector and the z-
direction vector.

4th Accelerat ion-of-gravi ty con- F GC
stant [gc = 9.80665 rn/s2 =
32.1740 ft/s2; the effect of
gravity can be turned off by
inputting gc = 0.0.1

Mesh-cell length in the x- F DXR(N),
Card 2 cartesian or r-cylindrical where N = 1

direction for each of the to NXR
NXR mesh cells
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Card 3

Card 4

4

Value Parameter Data Variable
Position Description Type Name

Mesh-cell length in the y- F DYT(N)
cartesian or t-cylindrical di- where N = 1
rection for each of the NYT to NYT
mesh cel Is [The t-cyl indr ical
DYT (N) is the mesh-cell sec-
tor angle in units of radians. ]

Mesh-cell length in the z F DZ(N)
direction for each of the where N = 1
NZ mesh cells to NZ

. Fluid-State Parameters for Each x-y or r-t Level in the z Direction.

The input-data parameters in this category define the fluid-state condition in

the three-dimensional region of solution. Al I parameter data are defined in

two-dimensional (x-y or r-t) region blocks of data for each z-direction mesh-

cell level. When the parameter data in a given level are identical to the data

in a previously defined level, the following fixed–format, level-repeat card can

be entered instead of the block of data.

Columns (fixed format)
1111111111222 22222

1234567890123 45678901234567 . . .
LEVEL ### REPEATS LEVEL ti##

/

The first ### is the z-direction mesh-cell level number whose parameters are to

be defined by the second ### Ieve

INPUT. The levels can be defined

parameter data defined either by

eter data for the level or by the

‘s parameter values specified earl ier in file

in any order. All NZ levels must have their

he following block of data defining the param-

above level-repeat card.

. 3?



Card 1

Card 2

Card 3

Card 4

Card 5

32

Value Par amet er Data Variable
Position Description Type Name I

Columns (fixed format) A
11111

1234567890123 4...

LEVEL ###

Air temperature in units of de- F TN (I,J,K),
grees F (NIUN = -2), R (NIUN = where
-l), K (NIUN = 1), or C (NIUN = I = 1 to NXR,
2) in each of the NXR*NYT mesh J =1 toNYT
cells of level K (K = ### from
Card 1)

Air pressure in units of psig F PN(I,J,K),
(NIUN = -2) ps ia (NIUN = -1), where
Pa (NIUN = 1), or Pag (hJIUN = I = 1 toNXR,
2) in each of the NXR*NYT mesh J =1 toNYT
cells of level K

Volume fraction of air in each F VOL(I,J,K),
of the NXR*NYT mesh cel Is of where I
level K; the remaining I = 1 to NXR,
1.O-VOL(I,J,K) volume fraction J = 1 toNYT
is structure (sol id material
fixed in the mesh cell)

Fraction of the interface area F“ FAXR(I,J,K)
between mesh cells (I,J,K) and where
(I+l,J,K) that is open to air- 1 = 1 to NXR,
flow in the x or r direction J - I toNYT
for each of the NXR*NYT mesh
cells of level K



Card 6

Card 7

Card 8

\

Card 9

Card 10

Value Parameter Data Variable
Position Description Type Name I

Fraction of the interface area F FAYT(I,J,K),
between mesh cells (I,J,K) and where
(I,J+l,K) that is open to air- 1 = 1 to NXR,
flow in the y or t direction J = 1 to NYT
for each of the NXR*NYT mesh
cells of level K

Fraction of the interface area F FAZ(I,J,K),
between mesh cells (I,J,K) and where
(I,J,K+l) that is open to air- 1 = 1 to NXR,
flow in the z direction for J -1 toNYT
each of the NXR*NYT mesh cel Is
of level K

Hydraulic diameter in units of F HDXR(I,J,K),
ft (NIUN < O) or m (NIUN > O) where
for airflow through the inter- 1 = 1 to NXR,
face between mesh cells (I,J,K) J = 1 to NYT
and (I+l,J,K) for each of the
NXR*NYT mesh cells of level K

Hydraulic diameter in units of F HDYT(I,J,K),
ft (NIUN < O) or m (NIUN > O) where
for airflow through the inter- [ = 1 to NXR,
face between mesh cells (I,J,K) J =1 toNYT
and (I,J+l,K) for each of the
NXR*NYT mesh cells of level K

Hydraulic diameter in ucits of F HDZ(I,J,K),
ft (NIUN < O) or m (NIUN > O) where
for airflow through the inter- 1 = 1 to NXR,
face between mesh cells (I,J,K) J =1 toNYT
and (I,J,K+I) for each of the
NXR*NYT mesh cells of level K
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Card 11

Card 12

Card 13

Card 14

Card 15

Card 16

34

Value Parameter Data Variable
Position Description Type Name

Wall-friction adjustment factor F CFZVXR(I,J,K),
for airflow between mesh cells
(I,J,K) and (I+l,J,K) for each

where
I = 1 to NXR,

of the NXR*NYT mesh cel Is of J =1 toNYT
level K

Wall-friction adjustment factor F CFZVYT( I , J ,K) ,
for airflow between mesh cells where
(I,J,K) and (I,J+l,K) for each I = 1 toNXR,
of the NXR*NYT mesh cel IS of J =1 toNYT
level K

Wall-friction adjustment factor F CFZVZ( I , J ,K) ,
for airflow between mesh cells
(I,J,K) and (I,J,K+l) for each

where
I = 1 to NXR,

of the NXR*NYT mesh cel Is of J = 1 toNYT
level K

Air velocity in units of ft/s F VNXR(I,J,K),
(NIUN < O) or mis (NIUN > O) where
across the interface between I = 1 to NXR,
mesh cel Is (I,J,K) and (I+l,J,K) J = 1 toNYT
for each of the NXR*NYT mesh
cells of level K

Air velocity in units of ft/s F VNYT(I,J,K),
(NIUN < O) or M/s (NIUN > O) where
across the interface between I = 1 toNXR.
mesh cells (I,J,K) and (I,J+l,K) J = 1 toNYT
for each of the NXR*NYT mesh
cells of level K

Air velocity in units of ft/s F VNZ(I,J,K),
(NIUN < O) or m/s (NIUN > O) where
across the interface between I = 1 tc NXR,
mesh cells (I,J,K) and (I,J,K+l) J = 1 toNYT
for each of the NXR*NYT mesh
cells of level K
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Value Par amet e r Data Variable
Position Description Type Name [

Tracer-particle 1 density in F TRHO1(I,J,K),
units of lbm/fts (NIUN < O) where

Card 17 or kg/m3 (NIUN > O) in each I = 1 to NXR,
of the NXR*NYT mesh cel Is of J = 1 to NYT
level K [Note: input this
card when NTRHO = 1 to 5.]

Tracer-particle 2 density in F TRH02(I,J,K),
units of lbm/ftQ (NIUN < O) where

Card 18 or kg/mQ (NIUN > O) in each I = 1 to NXR,
of the NXR*NYT mesh cel Is of J = 1 toNYT
level K [Note: input this
card when NTRHO = 2 to 5.]

I

Tracer-particle 3 density in F TRH03(I,J,K),
units of lbm/ftQ (NIUN < O) where

Card 19 or kg/ins (NIUN > O) in each I = 1 to NXR,
of the NXR*NYT mesh cel Is of J = 1 toNYT
level K [Note: input this
card when NTRHO = 3 to 5.1

Tracer-particle 4 density in F TRH04(I,J,K),
units of lbtifts (NIUN < O) where

Card 20 or kg/ins (NIUN > O) in each I = 1 to NXR,
of the NXR*NYT mesh cel Is of J =1 toNYT
level K [Note: input this
card when NTRHO = 4 to 5.]

Card 21

Tracer-particle 5 density in F TRH05(I,J,K),
units of lbm/ft3 NIUN < O) where
or kg/mQ (NIUN > O) in each I = 1 to NXR,
of the NXR*NYT mesh cel Is of J = 1 to NYT
level K [Note: input this
card when NTRHO = 5.]

After all NZ levels of parameter data are defined, the following card is entered

NLEVED level numbers whose fluid-state parameters are to be in-to specify the

eluded n the ong edit to file OUTPUT.
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Va I ue Parameter Data Variable
Position Description Type Name I

L

NLEVED level numbers whose I LEVED(N),
Card 22 fluid-state parameters are to where

be written to file OUTPUT N = 1 to
during each long edit NLEVEll

5. Boundary Conditions: Time-Independent Velocity or Pressure and One-

Dimensional, Boundary-Condit ion Region. On the external boundary of the multi-

dimensional region, the user can define time-independent normal-velocity or

external-pressure boundary conditions locally. Cards 1 to 6 that follow define

the velocity boundary condition: cards 1 to 7 define the pressure boundary con-

dition. Both can have spatial variation over the portion of the external bound-

ary where they are defined.
I

A one-dimensional, cartes ian-geometry region can be attached to any one of

the three-dimensional region’s six outer-surface faces as a boundary condition.

The attachment is to one or more mesh cells whose combined outer-surface area is

a fi I led rectangle. The fluid-dynamic solution in each one-dimensional,

boundary-condition region is coupled fully to the three-dimensional region’s so-

lution. The parameters defined for each two-dimensional level also are defined

for each of the boundary-condi tion regions. Each such region has a specified

number of mesh cel Is whose length, volume, interface airflow area, and direction

can vary from cell to cell. The following six cards of parameter data are spec-

ified for each of the NXYZBC boundary conditions whether they are velocity,

pressure, or a one-dimensional , boundary-condit ion region.
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Card 6

Value Parameter Data Variable
Position Description Type Name 1

Air velocity in units of ft/s F VNXYZ(M,N),
(NIUN < O) or mjs (NIUN > O) where M and
normal to the interface of N define the
each three-dimensional region mesh cel Is
mesh cel I on the rectangular in the rec–
area of attachment to the one- tangular area
dimensional boundary-condition of attachment
region; the sign of the velocity
value is based on the three-
dimensional region’s coordinate
system [If IL = O or IR =
NXR t 1, specify VNXYZ(M,N), where
M = JL to JR, N=KL toKR; if
JL = O or JR = NYT + 1, specify
VNXYZ(M,N), where M = IL to IR,
N =KL toKR; if KL =Oor KR=
NZ + 1, specify VNXYZ(M,N), where
M= 11- to IR, N = JL to JR.]

Skip cards 7 to 21 if this is a time-independent, velocity boundary condition;

that is, NBC = O. Skip card 7 and go to card 8 if NBC ~ 2.

Value Parameter Data Variable
Position Description Type Name

Card 7

Air pressure in units of psig F PNXYZ(M,N),
(NIUN = -2), psia (NIUN = -1), where M and
Pa (NIUN = 1), or Pag (NIUN = N define the
2) a half-mesh-cell outside the mesh cel Is
external boundary and adjacent in the rec–
to each three-dimensional region tangular area
mesh cell in the rectangular of attachment
area of attachment to the one-
dimensional boundary-condi tion
region [If IL = O or IR =
NXR + 1, specify PNXYZ(M,N),
where M = JL to JR, N = KL to KR;
if JL = O or JR = NYT + 1, specify
PNXYZ(M,N), where M = IL to IR,
N =KL toKR; if KL =Oor KR=
NZ + 1, specify PNXYZ(M,N), where
M= IL to IR, N =JL toJR.]



Card 2

Card 3

Value Parameter Data Variable
Position Description Type Name I

KR

Ist Lower mesh-cell number in the I KL
z direction defining the rec-
tangular area of attachment on
the xr or yt normally directed
faces of the three-dimensional
region; when attached to the z
normal Iy directed faces, KL =
O for the lower face and KL =
NZ for the upper face

2nd Upper-mesh cell number in the I
z direction defining the rec–
tangular area of attachment on
the xr or yt normally directed
faces of the three-dimensional
region; when attached to the z
normal Iy directed faces, KR = 1
for the lower face and KR =
NZ + 1 for the upper face

3rd Number of blower curves to be I NB
applied at mesh-cell interfaces
in this one-dimensional, boundary-
condition region

Fraction of the mesh-cell inter- F FAXYZ(M,N), :
face area that is open to airflow where M and
to/from the one-dimensional N define the
boundary-condition region for mesh cel Is
each three-d imensional-reg ion in the rec-
mesh cell in the rectangular area tangular area
of attachment [If IL = O or IR = of attachment
NXR + 1, specify FAXYZ(M,N), where
M=JL toJR, N=KL toKR; if
JL = O or JR = NYT + 1, specify
FAXYZ(M,N) where M = IL to IR,
N=KL toKR; ifKL=Oor KR=
NZ + 1, specify FAXYZ(M,N), where
M= IL to [R, N=JL toJR.1
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Card 4

Card 5

Value Parameter Data Variable
Position Description Type Name

Hydraulic diameter in units of HDXYZ(M,N),
ft (NIUN < O) or m (NIUN > O) where M and
for airflow through the external- N define the
boundary interface of each three- mesh cel Is
dimensional-region mesh cell the in the rec–
rectangular area of attachment tangular area
[If IL = O or IR = NXR + 1, spec- of attachment
ify HDXYZ(M,N), where M = JL to
JR, N = KL to KR; if JL = O or
JR = NYT + 1, speci fy HDXYZ(M, N),
where M = IL to IR, N = KL to KR;
if KL = O or KR = NZ+l, specify
HDXYZ(M,N), where M = IL to IR,
N = JL to JR.]

Wal l-friction adjustment factor CFZVXY(M,N)
for airflow through the external- where M and
boundary interface of each three- N define the
dimensional-region mesh cell in mesh cel Is
the rectangular area of attachment in the rec-
IIf IL = O or IR = NXR+l, specify tangular area
CFZVXY(M,N), where M = JL to JR, of attachment
N=KL toKR; if JL =Oor JR =
NYT + 1, specify CFZVXY(M,N) where
M= IL to IR, N =KL toKR; if
KL = O or KR = NZ + 1, specify
CFZVXY(M,N) where M = IL to IR,
N = JL to JR.]
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Card 1

Value Parameter Data Variable
Position Description Type Name

[St Boundary-condit ion-type option I NBC
[NBC = O for a time-independent
normal velocity specified on
the external boundary; NBC = AI
for a time-independent external
pressure specified a half-mesh-
cell length outside the external
boundary (-1 for V*VV = O, +1
for V“VV 4 O); NBC ~ 2 for the

.—
——

number of mesh cel Is in a one-
dimensional, boundary-condit ion
region. ]

2nd Lower mesh-cell number in the x I
or r direction defining the rec–
tangular area of attachment on
the yt or z normally directed
faces of the three-dimensional
region; when attached to the xr
normally directed faces, IL = O
for the lower face and IL = NXR
for the upper face

3rd Upper mesh-cell number in the x I
or r direction defining the rec-
tangular area of attachment on
the yt or z normally directed
faces of the three-dimensional
region; when attached to the xr
normally directed faces, IR = 1
for the lower face and IR =
NXR + 1 for the upper face

4th Lower mesh-cell number in the y I
or t direction defining the rec-
tangular area of attachment on
the xr or z norm .lly directed
faces of the three-dimensional
region; when attached to the yt
normally directed faces, JL = O
for the lower face and JL = NYT
for the upper face

5th Upper mesh-cell number in the y I
or t direction defining the rec-
tangular area of attachment of
the xr or z normally directed
faces of the three-dimensional
region; when attached to the yt
normally-directed faces, JR = 1
for the lower face and JR =
NYT + 1 for the upper face

IL

IR

JL

JR
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I

Skip cards 8 to 21 if this is a time-independent, pressure boundary condition;

that is,

Card 8

Card 9

Card 10

Card 11

Card 12

Card 13

NBC = *1.

Value Parameter Data Variable
Position Description Type Name I

The gravity wit vector compo- F GCBC(N) ,
nent length that is normal to where
the interface between mesh cel IS N=l toNBC
N and N + 1; the component length
is the cosine of the angle be-
tween the gravity vector and a
vector normal to the mesh-cell
interface

Air temperature in units of de- F TNBC(N),
gr’ees F (NIUN = -2), R (NIUN = where
-l), K (NIUN = 1), or c (NIUN = N=l toNBC
2) in each of the NBC mesh cells

Air pressure in units of psig F PNBC(N),
(NIUN = 2), psia (NIUN = -1), Pa where
(NIUN = 1), or Pag (NIUN = 2) in N= 1 toNBC
each of the NBC mesh cel Is

Volume of the air in units of F VOLBC(N),
ft3 (NIUN < 0) or m3 (NIUN > 0) where
in each of the NBC mesh cel Is N=l toNBC

Mesh-cell length in units of ft F DABC(N) ,
(NIUN < O) or m (NIUN > O) for where
each of the NBC mesh cel Is; N=l toNBC
VOLBC(N)/DABC(N) is the cross-
sectional area within mesh cell N

Interface area between mesh cells F FABC(N) ,
N and N + 1 that is open to air where
in units of ftz (NIUN < O) of mz N= 1 toNBC
(NIUN > O) for each of the NBC
mesh cel IS

.

41



Card 14

Card 15

Card 16

Card 17

Card 18

Va I ue Parameter Data Variable
Position Description Type Name I

Hydraulic diameter in units of F HDBC(N) ,
ft (NIUN < O) or m (NIUN > O) where
for airflow through the inter- N= 1 toNBC
face between mesh cells N and
N + 1 for each of the NBC mesh
cells [Wall friction is not mod-
eled when IIHDBC(N)I ~ 1.0 x
10-5 m.]

Friction-adjustment factor for F CFZVBC(N) ,
airflow between mesh cel Is N and where
N + 1 for each of the NBC mesh N=l toNBC
cel Is [Applying a negative sign
to the value serves as a flag to
constrain friction–factor evalua–
tion to the Iaminar-flow regime. ]

Air velocity in units of ft/s F VNBC(N),
(NIUN < O) or tis (NIUN > O) where
across the interface between N=l toNBC
mesh cells N and N + 1 for
each of the NBC mesh cel Is
[Flow from mesh cell N to mesh
cel I N + 1 has a positive ve-
locity value; flow in the oppo-
site direction has a negative
velocity value.]

I Tracer-particle 1 density in F TRIBC(N),
units of lbm/ft3 (NIUN <-0) or where
kg/m3 (NiUN > O) for each of the N=l toNBC
NBC mesh cells [Note: input this
card only when NTRHO = 1 to 5.]

Tracer-particle 2 density in F TR2BC(N) ,
units of lbm/ft3 (NIUN < O) or where
kg/m3 (NIUN > O) for each of the N= 1 toNBC
NBC mesh cells [Note: input this
card only when NTRHO = 2 to 5.]



Card 19

Card 20

Card 21

Va.1ue Parameter
. ..-.

Data Variable
Position Description Ty~e Name I . —

Tracer-particle 3 density in F TR3BC(N),
unit of ltxn/ft3 (NIUN < 0) or

3
where

kg/m (NIUN > O) for each of the N= 1 to NBC
NBCmesh cells [Note: input this
card only when NTRHO= 3 to 5.]

Tracer-particle 4 density in F TR4BC(N),
unit of lbtift3 (NIUN < O) or

3
where

kg/m (NIUN > O) for each of the N= 1 to NBc
NBCmesh cells [Note: input this
card only when NTRHO= 4 to 5.]

Tracer-particle 5 density in F TR5BC(N)
units of lbm/ft3 (NIUN < O) or
kg/m3 (NIUN > O) for each of the

where
N= 1 to NBC

NBCmesh cells [Note: inwt this
card only when NTRHO= 5“.]

,, .-

Input Cards 22, 23, and 24 for each of the IQ blower curves to be applied at

mesh-cell

Card 22

interfaces of this one-dimensional, boundary-condition region.

IVaIue Parameter Data Variable
Position Description Type Name 1

1st Number of tabular-data value I NBP
pairs defining this blower
cur ve

2nd The mesh-cell interface number I NB1
(between mesh cell NBI and mesh
cell NBI + 1) where the blower-
curve pressure change is to be
app I i ed
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d a pf [ + 8 “ ●
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F F
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+
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v x
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I . = Vol.. /AXi, FA. /AXi+l,
Ijk l]k ]~ljk = Volit,jk -

Note that

~n+l n+l
x = velocities are the previous power–iteration values of VX

velocities, and

8 = O if the bracketed quantity in the G term above is less than

zero or if V! and Vnd differ in numerical sign, or..

13=lo

n the above

verse convection into

‘i+Xjk ‘i+%jk

herwise.

approximation form for (Vn ● VVn+l) ● rQi, only trans–— —

he (i+Z,j,k) cell is evaluated. Transverse convection is

neglected in the B–factored term. The above definition of B has been expanded

to define B = O when Vxi+fijk changes its sign (direction) during the time step.

A similar approximation form applies when Y ● IY is dot producted with rQj or

rQk to define the finite–differenced motion equation for the other two direc-

tions. This giles the cartesian-geometry form for the (~ . IHJ) c rQ term; for

the cyl indrical-geometry form, Ax is replaced Ar, Ay is replaced by rA(3, and the

FA/FA ratios are replaced by unity in the r- and e-direction motion equations,

Numerical

mutational

form (Refs

The f

convecting

a donor-cc

esting of various approximations for stabil ity, accuracy, and com-

efficiency provided the basis for

3 and 4).

nite-difference form for the dive

the quantity Qn = pn, pnen, or 1

I approximation:

y ● (Qnyn+l) = (<Qnvn+l>

+ (<Qwn+l>

selecting the above approximation

gence operator term ~ c (QnVn+l)

n Eqs. (A-1) and (A-3) is based on

+Xjk–
<Qnvn+l>i-Zjk)/Axi

j+Xk- <QnVn+l>ij-%k)/Ayj

+ (<QnVn+l>. .Ijk+fi –
<Qnvn+l>ijk-%)/Azk .

The quantity Qn is convected from the upstream mesh cell. For the i+%jk inter-

face,
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n n+l<Q v ‘i+%jk = ‘?jk
“n+l n+l

i+%jk if V. >0I+%jk –

(A-7)

= Q“ “n+l Vn+lifI +1 j k i +X j k i +%j k < 0.

In the process of solving for v~~~jk! first the numerical sign Of v~+~jk is

used to determine from which neighboring mesh cell the known value of

Q“ is obtained. When the evaluated sign of V~~~jk is different, the Calcu-

lation is repeated to convect the other neighboring mesh cell’s Q“.

These finite-difference approximations are applied to Eqs. (A-1) to (A-3)

to obtain the equations that NF85 will solve with a Newton iteration method.

Each of the motion equations is rearranged to obtain the unknown velocity
n+l

component VQ (where Q = xi+~j~, Yij+fik! or ‘ijk+fi) as a linear function of

the unknown pressures in the two mesh cells adjacent to its interface. These

unknown velocity and pressures are replaced by the sum of their current-

estimate iteration value and their change in value that is to be determined,

n+l = ~n+l
‘Q Q + AV~+l and

~n+l - ~n+l n+l
Q42- QtY2

+ APQ2% ,

to give

(A-8)

, (A-9)

where for Q = x. , . Q-k = ijk and Q+fi = i+ljk;l+A]k’

Q-% = ijk and Q+k = ij+lk; and= ‘ij+fik’
= z Q-X = ijk and Q+% = ijk+l.ijk+k’

Rearranging the finite-difference form of the motion equations and substituting

Eq. (A-8) gives expressions that are represented by ‘Q! ‘VQ! sQ~ and SMQ in
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Eq. (A-9). These expressions are defined by parameters with known values from

the beginning-of-time-step condition or from the previous Newton iteration’s

end–of-time–step condition. -n+l -n+lThose latter parameter, s V ~ and P ~~%, are defined

by v; and P~U2 before the first Newton iteration and for subsequent iterations

-n+lby VQ + AV~+l and ~~~~ + AP~~~ from the previous iteration. Subroutine TF3DE

evaluates these expressions represented by ~Q, I~Q, S9, and SmQ in Eq. A(9) for

all mesh-cell interfaces in all three directions before each Newton iteration.

Eqs. (A-1) and (A-3), with the divergence-operator finite-difference ap-

proximation applied, are reduced to being a linear function of the unknown

change in the air pressure and temperature. This is done first to the air

near approximate on based on the air EOS, p = P/[(y-l)CvTl,

(A-1O)+ (dp/dT)~jk AT~~~ In+l ‘!t’ + (dp/dp);jk AP~;~Pijk=pljk

where ~~~~ is p~jk for the first iteration and p~~~ from the previous iteration

for subsequent iterations,

(dp/dp)~jk = l/[(y-l )e~jk] ~

(dp/dT)~jk = ‘p~jk Cv/e~j k , and

n = C Tn.‘ijk V Ijk ‘

The air temperature defini
en+l n+l= Cv T. . = iv ~ntl +ijk Ijk Ijk
of the unknown change in tl

n+l -n+l
‘ijk = ‘ijk + (de/dP)

ion of the air interval

CVAT”:’Ijk’ is used to def

energy per unit mass
n+l

‘e ‘i jk as a linear unction

e air pressure and temperature:

APn+l
ijk + (de/dT) AT”+lIjk ‘ (A-n)
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-n+l nwhere e. . ise.. for the first iteration and e~~~ from
Ijk the previous itera-Ijk

tion for subsequent iterations,

(de/dp) = O , and

(de/dT) = Cv .

Equations (A-8) to (A-II) now are substituted for V1+1 (Q = x i~~jk, yi jt~k! and

z i ik~,), P~~~! and e~~~ in the spatial finite-difference approximated equations

[E6s. (A-l)-and (A-3)j. Rearranging the terms of these two equations for mesh

cell (i,j,k) with the AP~~~ n+land AT. .l~k unknowns on the left–hand side of the equa–

tions and all other terms-on the right-hand side of the equations gives

Apn+l ATn+l Apn+l
all ijk + a12 ijk = Prhs +

m!l clm ‘m and

(A-12)

Apn+l n+l 6 n+l
a21 ijk + a22 ‘Tijk = ‘rhs + m~l c2m ‘pQm ‘

where Q1 = i–%jk, Q2 = i+%jk, Q3 = ij-kk and

Q4 = ij+%k, Q5 = ijk-fi, and Q6 = ijk+fi

Subroutine TF3DI and evaluates the all, a12, elm, Prhs! a21j a22, c2m, and ‘rhs

expressions using known parameter values. Then subroutine TF3DI solves

Eq. (A-12)’s two equations for APnt’ and AT~~~ by inverting the 2-by-2 coeffi-IJk
cient matrix “a” of Eq. (A-12), giving

..
Apn+l = A~:;; 6ijk + X CIPMAP;;l and

m=l

ATn+l 6
= A?”:lijk I]k + I C2PMAP;;l ,

m=l

(A-13)

~+’, A~n+lwhere APIjk CIPM, and CWm are the known–parameter expressions Prhsl

Ijk’
e rhs’ Clm’ and c2m’ respectively, multipl ied by the inverted “a” matrix.
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mesh

each

the

The first equation of Eq. (A-13) defines the unknown change in pressure in

cell (i,j,k) to be a linear function of the unknown change in pressure in

of its six neighboring mesh cel Is. Move all terms with the AP unknowns to

eft-hand side of this equation. When considering all mesh cells, this

equation becomes a matrix equation with a banded coefficient matrix having seven

diagonals with nonzero elements. Subroutine STDIR inverts this coefficient ma-

trix and solves for the pressure change in all mesh cells. With these pressure

changes known, subroutine FF3D substitutes them into the second equation of Eq.

(A-13) to solve for the temperature change in all mesh cells and into Eq. (A-9)

to solve for the velocity change on all mesh-cell interfaces. The evaluated

changes in velocity, pressure, and temperature are substituted into Eq. (A-8)

n+l -n+l n+l
and T.. = T..Ijk + AT. . to determine the values of these parameters at time tn+lijk Ijk
based on the above linearized equations. The air internal energy and density

nh n+lparameters are evaluated by subroutine THERMO from e. = C T.. and the air EOSjk vljk
rather than from their linearized Eqs. (A–1O) and (A–n).

This solution is only a, Newton’s method iterative estimate of the desired

solution because I inear approximations have been appl ied to some of the equa–

tions solved. To converge the evaluated solution to the desired solution, a

Newton’s method pressure iteration is performed beginning with the reevaluation

of Eq. (A-9). Each iferat ion updates the - superscripted parameters by adding

to them their A values determined in the previous iteration pass. The itera-

tive procedure is assumed to have converged to the desired solution when the

following convergence tests are sat

1. Maximum fractional change

s EPSO (an input-specified

2. Maximum change in air tempel

= DTVUM for all ijk mesh ce
subroutine BLKDAT)

sfied in subroutine HOUT.

n air pressure = VARER = maxijk(

convergence-cr iterion parameter)pressure

, jk) <2 Kature - DTVLM = -2 K ~ ATn+’

Is of D“VLM and DTVUM are defined by

3. No velocity component has changed numerical sign as a resu

last AV~+l evaluation

If all three of these criteria are not satisfied concurrently after

t of the

NOITMX pres-

sure iterations (NOITMX = 10 defined by subroutine BLKDAT), NF85 reduces the
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time-step size in subroutine TIMSTP and repeats (with a backup calculation) the

entire time-step solution procedure. Reducing the time-step size below the

input–specified minimum time-step size DTMIN aborts the calculation.

APPENDIX B

STABILITY-ENHANCING, TWO-STEP METHOD EQUATIONS

The procedure of solving the semi-implicit, fluid-dynamic equations pre-

sented in Appendix A is numerically stable if the time-step size is less than

the material Courant I imit (the minimum time for air to be convected across a

mesh cell). This requirement can limit the time-step size used to evaluate the

equil ibrium overpressure condition a few seconds after an explosion or the

steady-state condition before an explosion occurs. To reduce the computat

effort in such situations, larger time

step evaluations are needed to analyze

The stability-enhancing, two-step

John Mahaffy to provide further spatia

gion of solution. Some additional imp

provide numerical stability when the t

steps are desirable so that fewer t

a problem time interval of interest

(SETS) method3 J4 was developed by

ona I

me-

coupl ing of the air state across the re–

icitness is added to the equations to

me–step size exceeds the material Courant

limit. Rather than add that implicitness to the equations defined in Appendix A

(which would further compl icate their numerical-sol ut ion procedure), the impl i c-

itness is added through the further evaluation of a separate set of stabi I izer

equations. The solution procedure becomes a two-step method: solve the basic

(semi-implicit) equations as described in Appendix A and solve a set of stabi-

lizer equations.

Although the SETS-method evaluation step could be used all the time, it is

needed for numerical stability of the solution only when the time-step size

exceeds the material Courant limit. To reduce computational effort, NF85 uses

the SETS method when the time step exceeds 80% of the material Courant limit

time-step size. Subroutine NEWDLT sets variable NSTAB to 1 as a flag to indi-

cate that the SETS stabilizer equations are to be evaluated. Their evaluation
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continues each time step until the time step decreases below 75% of the material

Courant limit time-step size. Variable NSTAB is set to O as a flag to discon-

tinue evaluation of the SETS stabil izer equations. In the SETS method, the

stabilizer equations are evaluated once each time step, which increases the com–

mutational effort per time step by approximately 20%. This results in the com-

putational effort of NF85 being reduced with the SETS method when the time-step

size exceeds 120% of the material Courant

time steps of 80% to 120% of the material

tional computational effort is required.

In the two-step procedure, the stabi

before or after the basic equations. One

used by NF85 begins with evaluating the s

limit. During

Courant limit,

izer equations

ordering that

abi I izer equat

lowed by the pressure iteration (Newtons method)

and ends with evaluating the stabi I izer mass and

The time-differenced stabilizer equation of

the transition from

an average 15% addi–

can be evaluated either

s always stable and is

ons of motion, is fol-

solution of the basic equations,

energy equations.

motion has the form

(B-1)

-yPn/pn - -n+lKn l~nl(2~ - ~n) + $J

Equat ion (B-1) d i ffers from the semi -impl ici t equat ion of mot ion [Eq. (A-2)]

by having beginning- rather than end-of-time-step air pressures. Spatial dif-

ferencing Eq. (B-1) is done in the same way as for Eq. (A-2) in Appendix A ex-
-n+lcept that ~ -n+lin theVn ● VV term is to be evaluated simultaneously with— — —
-n+lall other ~ in the equation rather than with their previous iteration value.

The stabilizer equation of motion for each of the three coordinate directions

over the region of solution becomes a matrix equation with a coefficient matrix

having seven diagonals of nonzero elements. These matrix equations are defined

and solved by subroutines FEMOMX, FEMOMY, and FEMOMZ in the same manner as the

pressure-change matrix equat ion [Eq. (A-13)1. The solut ion for the unknown
~n+l

where!2=xor r, yor t, and z is used rather than V; to define V‘1+1 for

the first iteration solution of the basic equations of motion.

After the basic equations are solved by convergence of the pressure iter-

ation, al I end-of–time–step air parameters have had their values determined.
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Solving the stabilizer mass and energy equations reevaluates the air density
n+l

P
n+land internal energy e . These time-differenced equations differ from

their basic equations by convecting these quantities with a fully implicit

approximation:

Spat

tion

knowr

Eqs.

n+l
(p -

n+l n+l = Mn+fipn)/At + ~- f) ~
s and

n+len+l
(p - pnen)/At + ~ . pn+len+l n+ly .

-Pn+l ~ . “n+l + Mn+% en+fi .
—— s s

(B-2)

(B-3)

al differencing Eqs. (B–2) and (B-3) is done with a donor-cell approxima-

in the same way that Eqs. (A-1) and (A-3) were spatially difference. With

values for ~n+l and Pn+l from the solution of the basic equations,

(B-2) and (B-3) over the region of solution become matrix equations having

the same coefficient matrix with seven diagonals of nonzero elements.

Although this coefficient matrix has the same nonzero-element form as the

pressure-change and velocity coefficient matrices discussed earlier, this coef-

ficient matrix may not be diagonally dominant. A diagonally dominant matrix

satisfies the matrix property that the sum of the absolute value of all off-

diagonal elements in any row or column of the matrix is less than the absolute

value of their main-diagonal element. The pressure-change and velocity coeffi-

cient matrices are diagonally dominant and can be inverted by direct or itera–

tive algorithms. NF85 inverts these coefficient matrices directly into the pro-

duct of banded lower and upper triangular matrices without pivoting using the

CALMATH library routines BGLSDC and BGLSSL. For the density and internal energy

coefficient matrix, NF85 performs a direct inversion with partial pivoting in

subroutine STBME by calling the CALMATH library routines SGBFA and SGBSL.

The solution of the stabilizer mass and energy equations gives new values

for the air density and internal energy that are close approximations to their

values from a ful Iy impi icit solution. That closeness provides the numerical

stabi I ity of a ful Iy impl icit approximation under almost al I conditions encoun-

tered. The SETS method is said to be conditionally stable. It can become un
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stable when parameters defined at the beginning

variation in time. Kn is such a parameter. Th

internal time–step size adjustment procedure in

when events are encountered that cause a rapid

of the time step undergo a rapid

s situation is avoided by the

NF85 reducing the time-step size

ransient. The user needs to be

aware that temporary osci I lations that develop after a rapid change in a slow

transient may be the result of numerical instability.

NF85 completes the time-step solution by evaluating consistent air temper-

ature and pressure values from the air density and internal energy solutions

of the stab

fines the a

pressure.

Iizer mass and energy equations. The relationship T.. = en+l
I]k

n+lr temperature; the “air EOS P.. = (y_I) ~~~~ e~~~ defines
Ijk

APPENDIX C

ONE-DIMENSIONAL, BOUNDARY-CONDITION REGION

FLUID-DYNAMIC EQUATIONS

The fluid-dynamic equations for the one-dimensional, boundary-condit ion re-

gions have the form of the three-dimensional region, cartes ian-coordinate equa-

tions (defined in Appendices A and B) after being simplified to model oniy one-

dimensional dependence. They will not be rewritten here because this is quite

straightforward. What will be discussed here is how these one-dimensional equa-

tions are coupled (inte

are solved.

NF85 restricts the

region to a rectangular

of the three–dimensiona

faced) to the three-dimensional equations and how they

user to coupl ing a one–dimensional , boundary–condition

subarea of mesh-cell interfaces

region. Such a region can not

nal interface of mesh cells within the three–dimensiona

vent duct whose open end is internal to the room rather

ternal wall can be done by defining zero flow areas to

interfaces in order to model the vent duct’s wall sides

on the external boundary

be attached to an inter-

region. Modeling a

than at the room’s ex-

he internal mesh-cell

within the room.

10!



The one-dimensional region’s mesh cells are numbered starting at the three-

dimensional region interface. Mesh cell 1 is coupled by convection to mesh cell

2 and to all the three-dimensional region mesh cells whose external-boundary in-

terface lies within the rectangular subarea of attachment. That subarea can

range from a fraction of the external-interface flow area of one mesh cell to as

much as the summed external interface of all mesh cells adjacent to the three-

dimensional region’s external-boundary side. There is one restriction required

by the bandedness of the matrices being solved by CALMATH routines. The rectan-

gular subarea can have only one or two mesh cells in the z-coordinate direction.

In cartesian coordinates, this restriction generally can be circumvented by

proper selection of the z-coordinate direction. In cylindrical geometry, the

z–direction dimension of the attached duct may need to be modeled smal Ier than

it actually is with two z–direction mesh-cell interfaces, or the Az dimensions

of those two axial levels may need to be sized to the duct dimension. If the

z-direction duct dimension is reduced, the dimension in the other direction

should be increased to conserve flow area at the room/duct interface.

The basic (semi-implicit) equations for a three-dimensional region with

one-dimensional, boundary-condition regions attached need to be coupled over

the entire region of solution when solving the pressure-change matrix equation.

The basic equations for each one-dimensional region are defined in Appendix A

for the three-d imensional reg ion [Eqs. (A-8) to (A-13)1. Each’ one-d

region has a pressure-change matrix equation defined by

n+lAPi = A~n+l 2I + X clPimAP~;l ,
m=l

where

i=l,2 S...v NBC, !21 = i -1, Q2= i +1 and

n+lAPO = Z FAQ+%AP;+l/X FAQ+X ,
Q Q

mensional

(c-1)

where Q sums over all ijk mesh cells with a side interface of flow area FAQ+~

within the rectangular subarea of attachment to the one-dimensional region.
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Equation (C-1) defines a matrix equation with a tridiagonal coefficient

matrix. n+lThe first row of the matrix equation has its AP9 unknown terms kept

on the right–hand side of the equation. Subroutine STDIR inverts this coeffi-
n+lcient matrix and solves for each of the APi unknowns in the one–dimensional

region as a function of the AP~+lunknowns

n+lAPi = AP;hs + C{hs (cl P1l/X FAQ+%)
Q

i = 1,

From each of the one-dimensional regions,

from the three-dimensional region.

1 FAQ+% AP;+’ (c-2)
Q

2, ..., NBC.

the Eq. (C-2) for i = 1 is substi-

tuted into the pressure-change matrix [Eq. (A-13)] to eliminate all AP~~~ ~
Apn+li=, outside the external boundary at open–flow interfaces where one-d~mensional

regions are attached. The resulting matrix equation has only APn+’ unknownsIjk
at (i,j,k) mesh cells within the three-dimensional region’s external boundary.

The matrix equation is solved in the manner of Appendix A because coupling to

all one-dimensional regions has been eliminated by the above substitution. From

this solution, all AP~+’ in Eq. (C-2) are known; evaluating Eq. (C–2) determ
n+lAPi for all mesh cells in the one-dimensional regions. From the equations

defined to determine Eq. (A-13) for the three-dimensional region and Eq. (C-”

for the one-dimensional regions, al I other air parameters (Tn+l, Vn+l, pn+l,
en+l) can be evaluated throughout the region of SOIUt iOn. This procedure is

nes

)

and

re-

evaluated within a Newton’s–method pressure iteration until the three conver–

gence criteria defined at the end of Appendix A are satisfied throughout the

three-dimensional region and the one-dimensional regions of solution.

When the SETS method is applied, the three-dimensional stabi Iizer equations

defined in Appendix B are simplified to model only one-dimensional dependence in

the one-dimensional, boundary-condition regions. Solving the stabilizer equation

of motion is done progressively by following the direction of information flow

as it is convected by the donor-cell approximation. First, the stabil izer equa-

tion of motion is solved in each one-dimensional region that has an interface air

velocity directed into the three-dimensional region. The solution of the stabi-

lizer equation of motion in these regions is uncoupled from the three-dimensional

103



region. The stabil

are evaluated using

Final ly, the remain

motion evaluated us

zer equations of motion in the three-dimens

the known in-flow velocities from the one-d

ng one-dimensional regions have their stabi

ng the known velocities at their interface

onal region then

mensional regions.

izer equation of

hat flow out of

the three-dimensional region. Solving these matrix equations in the one-

dimensional regions involves inverting tr idiagonal coefficient matrices; solving

the three stabilizer-equat ion-of-motion matrix equations in the three-

dimensional region involves inverting seven-diagonal coefficient matrices.

A similar procedure is used to evaluate the stabilizer mass and energy e-

quations. Here the quantity being convected across a region interface is the

unknown that couples the solution of one region to the other region. The down-

stream region’s solution is coupled to the upstream region’s solution; however,

the reverse is not true. All one-dimensional regions with interface velocities

directed into the three-dimensional region have their stabilizer mass and energy

equations evaluated first, then the equations of the three-dimensional region

are evaluated, and final Iy the remaining one–dimens

to complete the time-step solution.

onal reg ons are evaluated

APPENDIX D

NF85 INITIAL EXPERIMENTAL VERIFICATION

The NF85 computer code has been verified by shock-transmission experiments.

These experiments were designed to evaluate the code’s ability to calculate

shock reflection and interaction as wel I as transmission. The experimental set-

up, NF85 computer model, and experimental/calcu lat ive results wi I I be discussed.

1. TEST EQUIPMENT

A. Two-Dimensional Shock Transmission Set-Up

Figure D-1 is a schematic

which is located on the campus

Mexico. This test facility is

al Laboratory. The

0.305-m (1-ft)-i.d.

periments was to ob

shock tube (0.91 m

104

showing a plan view of the experimental apparatus,

of New Mexico State University in Las Cruces, New

operated under contract to the Los Alamos Nation-

is connected to the experimental apparatus with ashock tube

pipe that is 2.72 m (8.92 ft) long. The focus of these ex-

ain two-dimensional data in the transition region where the

d.) connects to the smaller (0~305 m id.) pipe.



0.91mI.D. \ Control
_ Shock‘Ihbe Building

T0.305mI.D.
T

Pipe -~ 1 2.?2m

24.3m3
Tank

LJ
I

r 0.305m

5=40.305mI.D.
Pipe

t-

l?m3
I

Tank

—-

}
1.8m +

Pipe

P Ian v i ew of

/Blower 0HEPA

1

307”------+

Fig. D-1 .
the model vent i Iat ion system.

105



The shock tube consists of a 0.91-m (3-ft)-diam tube 48 m (160 ft) long.

The driven (low-pressure) section of the shock tube is 36 m (118 ft) long. The

driver (high-pressure) section has a variable length, but for this study, it was

fixed at 3.0 m (10 ft). A complete description of the shock tube is given by

Smith and Gregory.10 At the end of the driven section of the shock tube, an a-

brupt contract ion was constructed to a 0.305-m (1- ft)-d i am pipe 2.7’2 m (8.92 ft)

long that leads into the small ventilation systems.

Pressure measurements were taken at eight locations, which are shown in

Fig. D-2 and labeled 1 through 8. Channel 1 is on the side wall of the shock

tube 0.91 m (3 ft) ahead of the abrupt contraction. Channels 2, 3, and 4 are

located on the dead-end portion of the abrupt contraction (area-reducing plate)

at the radial positions of 0.35 m (1.16 ft), 0.28 m (0.92 ft), and 0.20 m

(0.67 ft), respectively. These three measurements are referred to as “head-on

pressure measurements.” Channels 5, 6, 7, and 8 were located at positions on

the 0.30-m (1-ft)-diam pipe (Fig. D-2). These four measurements were side-on

pressure measurements. All eight channels used Kul ite model XT-190 miniature

pressure transducers with a range of O to 689 kPa (O to 100 psi). The experi-

mental data were digitized and recorded by a CAMAC data acquisition system using

a DEC PDP1l/10 digital computer.

All eight pressure transducers were cal ibrated against a pressure

before each experiment. The driver of the shock tube then was

the desired driven pressure, and the diaphragm was ruptured. “

shock wave traveled down the shock tube and, upon passing a tr

transducer, automatical Iy started the data acquisition system.

Il. COMPUTER CODE MODELING

A. NF85 Shock Transmission Model

standard

pressur zed to

he resu ting

ggering pressure

The shock-transmission tests have been analyzed by the NF85 computer pro-

gram to provide a benchmark for determining the ability of NF85 to evaluate

shock-wave transmission, reflection, and interaction. A multidimensional region

in (r,z) cylindrical geometry with a (9,24) spatial mesh was used to model the

vicinity of the cross–sect ion-area-reduct ion plate at the open end of the shock

tube. By neglecting the

the axial (z) direction,

Iat ional effort. Radial
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small effect of gravitational acceleration normal to

azmuthal (e) dependence was eliminated to reduce calcu–

(r) dependence was evaluated to model its effect at the



II

+’—E+
—

-+
-+

-

w.
4
-
J

ma
l

c0L

u
-

107



area-reduction plate where partial reflection and transmission of the shock-wave

pulse occurs. Almost all of the 0.91-m (3-ft)-diam shock tube was modeled by a

one-dimensional region with 750 mesh cells attached at the z = O boundary face

of the (r,z) region. At the z = 24 boundary face of the (r,z) region, another

one-dimensional region with 179 mesh cells was attached to model a 0.30-m

(1-ft)-diam pipe, a 24.3-m3 (859–ft3) tank, and another 0.30-m (1–ft)-diam pipe,

al I of which are down-stream of the area-reduction plate. Figure D-3 is a dia-

gram of the mesh-cell spatial model of the shock-transmission experiment. Dark-

ened mesh cells indicate the location of the eight pressure transducers in the

experiment.

Ill. EXPERIMENTAL AND CODE MODEL

A. Shock Transmission Test/NF85 -

The shock-transmission tests

vicinity of the area-reduction pli

NG RESULTS

measure air pressure at eight locations in the

,te as a shock-wave pulse passes through the

region. The shock-wave pulse is generated by breaking two diaphragms between

the high and low (atmospheric) air-pressure ends of the shock tube. The shock-

wave front travels down the low-pressure length of the shock tube at essential Iy

the sonic velocity of the air medium ahead of it. It is followed by an air-mass

front moving at the much lower air velocity. In the opposite direction, a

rarefaction– (expansion-) wave front travels up the high-pressure length of the

shock tube until it reaches the closed end, where it is reflected. It then tra-

vels down the high-pressure plus low-pressure lengths of the shock tube at the

sonic plus air-mass velocity. The expansion wave has both a front and a tail;

the tail travels at a slightly slower velocity. Very quickly the expansion wave

catches up to the air-mass front and passes through it. Eventually the expan-

sion wave catches up to the shock wave, but this does not happen in the experi-

ment until after both waves have passed the pressure transducer locations. The

pressure transducers measure a shock-wave pulse where the air pressure rises

initially when the shock–wave front crosses the transducer location. A short

time later, the expansion-wave front crosses the transducer location, causing

the air pressure to fall until the expansion-wave tail crosses the transducer

location.

This shock-transmission test provides a very sensitive benchmark for cal-

culating shock– and expansion–wave transmission, reflection, and interaction.
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The channel 1 pressure transducer first encounters the shock-wave front and then

encounters its front partial Iy reflected from the area–reduction plate. Soon

thereafter it encountered the expansion-wave that was reflected from the shock

tube’s high-pressure end and had interacted with the air-mass front and the par-

tially reflected shock front. The pressure transducers of channels 2, 3, and 4

measure the air pressure at the area-reduction reflecting surface. The pressure

transducers of channels 5, 6, 7, and 8 encounter the shock and expansion waves

that have been partially transmitted through the abrupt area-reduction plate

opening.

NF85 was used to eva

ways.

1. The calculation s

uate the shock-<

.

ransmission tests in three different

arts at the breaking of the diaphragms using the

erical model in Fig. D-3 with the shock and air-mass fronts initia

36.1 m (118 ft) from the channel 1 location.

2. The calculation starts from an analytic solution for the shock

after it has traveled down the shock tube and is approximately

(0.43 ft) from the channel 1 location using the numerical mode

Fig. D-3.

3. The calculat

modeled with

dimensional

diaphragms until the shock

the channel 1 location; the

region 1 instead of the ana

calculation simi Iar to 2.

Computational sta

shown in Table D-

ali the tests for

puter time requ

ble. The right

first procedure

110

num-

Iy

pulse

0.13m

in

on is done in two stages: First, only the shock

the 750-mesh-cell region 1 attached to a one-cell

egion, and the test is analyzed from the breaking

rent is approximately 0.13 m (0.43

second stage uses the restart data

ytic solution as the initial condition for a

ube is

multi-

of the

ft) from

dump from

istics from the nine shock-transmission tests analyzed are

The second procedure described above was used to analyze

0.065 s with the total number of time steps and Cray-1 com-

red by NF85 for each test reported in the left half of the ta-

half of the table reports the same statistics when using the

for tests with shock-front overpressures of 20.7, 21.8, 22.4,
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and 110.2 kPa (3.000, 3.163, 3.257, and 16.000 psi) and the third procedure for

the other tests. The first and third procedures give the same solution, but we

see in Table D-1 that the Cray-1 computer times for the 107.8, 107.85, and

110.3 kPa (15.646, 15.653, and 16.012 psi) shock-front overpressure tests

evaluated with the third procedure required half the calculative effort of the

110.2-kPa (16.000-psi) test with the first procedure. The second procedure re-

quired a half to a third of the calculative effort of the first procedure. At

the far right of Table D-1 is a comparison of the analytic and calculated trans-

mission times for the shock-wave front to reach the area-reduction plate. The

transmission times for small shock-front overpressures are calculated accurately

with a trend toward overestimating the times as the shock–front overpressures

increase. Determining the time at which the shock front reaches the area-

reduction plate was based on real izing half the shock-front overpressure rise

at the plate.
●

Time plots of calculated air pressure and pressure transducer measurements

are shown in Figs. D-4 through D-6 for the 21.8-, 110.3-, and 141.5-kPa (3.163-,

16.012-, and 20.547-psi) shock-front overpressure tests, respectively. Results

from seven of the eight pressure-transducer locations are shown with results

from channel 3 omitted because of their similarity to channel 2 and 4 results.

The results from the tests are of two different forms: The 20.7-, 21.8-, and

22.4-kPa (3.000-, 3.163-, and 3.257-psi) shock-front overpressure tests have

simi Iar results and the other tests with shock–front overpressures greater than

103.35 kPa (15 psi) have similar results. An example of this similarity can be

seen by comparing Figs. D–5 and D-6.

The pressure transducer measurements are plotted (points) along with NF85

calculative results using the first or third procedure shown by the dotted curve

( I abel ed 36.1 m, the initial d i stance of the shock-wave f rent from channe I 1 )

and using the second procedure shown by the solid curve (labeled 0.13 m). The

first or third procedure is more convenient for the NF85 user because the entire

solution, starting with the breaking of the diaphragms, is evaluated by NF85.

However, having NF85 evaluate the shock-wave pulse transmission down the 36-m

(118-ft) length of the shock tube low-pressure section introduces spatial

smearing to the solution.

error by starting with the

before it reaches channel

112

The second procedure avoids this numerical-solut ion

analytic solution for the shock-front pulse just
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In Figure D-4, we see that spatial smearing error is excessive for the

20.7-kPa (3-psi) shock-front overpressure test calculations. Backward smearing

of the shock-wave front and forward smearing of the expansion-wave front result

in their overlapping and diminishing the ampl itude of the pulse. Starting from

the shock-front pulse analytic solution

solution initial Iy has very little spat

ment with the measurements. However, a

begin to be smeared out in space and in

0.13 m before channel 1, the solid-curve

al smearing and is in reasonable agree–

ter 0.020 s, spatially dependent effects

time, also at a fixed location because

of convection. Note the reduction in amplitude of the

channel 7 location in even the sol id curve because of

wave overlapping–effect error.

The calculative results in Figs. D-5 and D-6 show

pressure pulse at the

the shock and expansion

almost no spatial-

smearing error in the shock-wave front. Forward spatial smearing of the

expansion-wave front diminishes the ampl itude of the shock pulse (evidenced by

the dotted curve lying below the solid curve), but the error is small. We see

the calculated pressures decreasing faster in time than the measured pressures

because of spatial smearing of the expansion wave. All in all, the calculated

pressures are in reasonable agreement with their experimental measurements.

The lack of numerical spatial smearing of the shock-wave front for over-

pressures greater than 103.35 kPa (15 psi) is important to recognize. A first-

order, donor-cell convection technique as used by NF85 can calculate spatial ly

sharp shock fronts even after long transmission distances and multiple reflec-

tions. It is felt that this is a result of the physical phenomenon of sonic

waves piling up behind a shock-wave front acting in an opposite way to numerical

diffusion to eliminate spatial smearing of the shock front. Larger shock-front

overpressures appear to have enough of this effect to override numerical-

diffusion error.
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