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EVENT USER’S MANUAL

A COMPUTER CODE FOR ANALYZING EXPLOSION-INDUCED
GAS-DYNAMICTRANSIENTS IN FLOW NETWORKS

by

P. K. Tang, R. W. Andrae, J. W. Bolstad, and W. S. Gregory

ABSTRACT

This report contains supporting informationfor the com-
puter code EVENT, which can predict explosion-inducedgas–
dynamic transients in flow networks. The code is capable of
analyzing transients in any arbitrarily designated intercon–
nections in a network of building rooms and ventilation
systems. The EVENT code is designed to provide improved
methods of safety analysis for the nuclear, chemical, and
mining industries. A lumped-parameterformulation is used.
This version of the EVENT code is particularly suitable for
calculating the detailed effects of explosions in the far
field using a parametric representation of the explosive
event. The input for the code and a sample problem that
illustratesthe code’s capabilitiesare provided.

1. INTRODUCTION

This report contains informationsupporting the computer code EVENT, which

can predict explosion–induced gas-dynamic transients within structures. The

code is directed toward nuclear, chemical, and mining facilitiesand the primary

release pathway-–the ventilation system. However, the code is applicable to

other structuresand can be used to model other airflow pathways. This code is

the first of a number of versions that will evolve into more refined and im–

proved codes with greater capability. It is designed to provide improvedsafety

analysismethods for industry.

EVENT models steady-state and transient gas-dynamic conditions in complex
airflow pathways within structures. System flow parameters in this version of

the code are based on the following assumptions.
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Lumped-parameterformulation

Perfect gas (air)

Compressible

Momentum balance with frictionand inertia for ducts

Choking

Blower characteristics

Linear and nonlinearfilters

Mass and energy additionto the gas phase

problem can be stopped and restarted. This is especially advantageous

when modeling systems with changing time steps or analyzing complex systems

requiring long computing times. This report contains a detailed descriptionof

the modeling necessaryto simulate the facility system and the explosiveevent.

110 THE COMPUTER CODE

EVENT is written in FORTRAN IV and is

puters. The program is portable; that is,

most computers with a minimum of changes.

are used.

designed to be used on large com-

it should be installed easily on

Four ASCII and three binary files

o

0
0

0
0
0

Input (unit 5)

Standard printed output (unit 6)

Output for restart (unit 18)

Temporary read-write (units 59 and 17)

Output for CRT plot (unit 10)

Saved output (unit 13)

Plotting on a TEKTRONIX or its equivalent can be done using an aux-

program based on the DISSPLA software (input unit 10). Standard printed

1iary

plots

and the unit 10 file also can be made from the informationon unit 13 after the

run is completed.

EVENT was developed to be run on the Control Data Corporation CDC 7600

computer, but it is intended to run on most computers with minimal modifica–

tions. The execution size of EVENT is approximately32 k decimal words on the

7600. If the word length of the computer being used is less than that of the

7600, namely 60, double

retain the same level of
the maximum problem size

2

precision in the solution portion may be needed to

accuracy. The current input parameter limits defining

are listed in Table I.



TABLE I

MAXIMUM PROBLEM SIZE

System Parameters

Branches

Nodes

Volumes

Boundary nodes

Time functions for each type

Points per time function

Blower functions

Points per blower

Filter functions

Points per plot

Plots per frame

Frames

function

Maximum Number

200
210
200
10
5

100
20
20
50

101
4

25

EVENT can be modified readily to increase or decrease the storage space

allocated to the parameters shown in Table I. Information is given at the end

of the code that will make it easy for a programmer to modify the code. This

includes an index of subroutines,a summary of read-in statements,and a glos-

sary of variables. The EVENT computer code is available to the public, and

copies of the source deck can be obtained from the National Energy Software

Center at Argonne National Laboratory.

III. MODELING

A. General

EVENT is designed to predict airflows in an arbitrarilyconnected network

system. For example, in a nuclear facility, the network system could include

process cells, canyons, laboratories,offices, corridors, and offgas systems”

In addition, the ventilation system is an integral part of this network. The

ventilationsystem is used to supply air into, through, and out of the facility.

Therefore, EVENT must be capable of predicting flow through a network system

that includes ventilation system components such as filters, dampers, ducts,
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and blowers. These ventilationsystem componentsare connectedto the rooms and

corridorsof the facility to form a complete network for moving air through the

structureand perhaps to maintain pressure levels in certain areas.

B. System Modeling

The first and most critical step in setting up a model of the air pathways

in a nuclear facility requires a comprehensiveschematicshowing the system com-

ponents and their interconnections. Drawings, specifications,material lists,

safety analysisreports, and existing schematicscan be used to derive a system

description. A physical inspectionof the facility and consultationswith the

designer(s)before and after the schematic is drawn may be necessary to verify

that it is correct. The user frequently encounters a lack of data at this

stage. Although there is no substitutefor accurate data, certain assumptions,

averaging,or conservativeestimatescan be used to make the problem manageable.

Figures 1 and 2 show how a simple ventilationsystem within a facility structure

can be transformed into a network schematic. We will illustrate the system

modeling concepts in the next section and then provide additional details for

the gas-dynamicmodeling.

1. System Definitions. Three terms are used to describe the construction

of a model and are used extensivelyin the remainderof this report.

os’?!za- network of components (branches) joined together at places

called nodes.

I ROOM

Fig. 1.
Facility with simple ventilation
system.
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Fig. 2.
Ventilationnetwork schematic.



o Branch - a connecting member

between upstream and down-

stream nodal locations. A

branch centains one com-

ponent, such as a duct, valve,

damper, filter, or blower.

Gas flows and pressure differ-

entials are associated with

branches.

o Node- connectionpoint or junc-

tion for one or more branches.

Volume elements such as rooms,

o A
v o Duct

--u- Blower
----D- ‘i’ter

I* I Volume

Fig. 3.
Network building blocks.

gloveboxes,

pathway is

the system

points also

and plenums contain capacitance. Even a long duct or flow

divided into a series of volume nodes. Compressibilityof

fluid is accounted for at these capacitance nodes. Boundary

are defined as nodes, and gas pressure,density, and tempera-

ture are specifiedat nodes. In the EVENT code, all nodes contain finite

volumes except the boundary nodes.

2. System Modeling Examples. Network systems for airflow through a

facility can be constructed using a building-block approach. The building

blocks used to construct network systems are shown in Fig. 3. These building

blocks can be arranged as shown in Fig. 4 to form any arbitrary system, and

these symbols will be used throughout this manual. Figure 5 is an example of

the correspondenceof the building-blockschematic with a different simple net-

work system.

Volume Room Volume

Boundary Boundary

Damper Duct Blower Filter

Fig. 4.
Connectionof building blocks.
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Fig.5.
Lumped modeling of a simple system.

Nodes 1 and 6 in Fig. 5 are boundary nodes. A capacitancenode (2) repre-

sents the sampling room. In Fig. 5, branches are shown at the tips of arrows.

The branch numbers are in parentheses adjacent to their correspondingbranches.

Note that branch 3 is connected on the upstream side by node 3 and on the down-

stream side by node 4. Duct resistance is lumped or combinedwith damper resis-

tance for branches1, 2, and 5. The duct capacitance is specified by the volume

nodes 3, 4, and 5; thus, all internalnodes should have capacitance.

The network model is shown without

This is a more detailed representation

mation on spatial distribution.

INTAKE

f’ ROOM

lumping the duct and damper in Fig. 6.

of the system and will yield more infor-

EXHAUST

~

II I I FILTER II
n I

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Fig. 6.
A detai1ed modeling of the simple system.
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PLENUM
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Fig.
A complex

7.
system.

extremely simple network system. AThus far, we have illustrated an

slightlymore complex system is shown in Fig. 7, and the correspondingschematic

is shown in Fig. 8. This system illustrates a room (node 2) with three con-

necting branches (1, 2, and 3). The leakage path around the cell access hatch

is illustratedusing branch 5 and node 5.

c. Gas-DynamicModels

EVENT can handle severe gas-dynamic transients inside a flow network; the

theoretical detail is presented in Ref. 1. Some governing equations are pre-

sented in Appendix A, but we will sununarizeonly the gas-dynamicfeatures of the

code here.
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Fig. 8.
Model schematicof a complex system.



A flow network is assumed to consist of two

branches. A node can be either a boundary where

major components, nodes and

the atmospheric condition is

usually assumed or a volume where the conservationof mass and energy applies.

Branches connect any two nodes and are usually ducts, filters, or blowers. A

momentum equation that includes the effect of wall friction and inertia is used

to relate the flow rate to the pressure drop across a duct; choking is imposed

on the duct flow if the condition warrants. A filter provides only resistance

to the flow; both linear and quadratic dependence of pressure on the flow rate

are included. Finally, a quasi-steadyrelation is imposed between the pressure

head and the flow rate for the blower. This lumped-parameterapproach to the

description of the system ignores the detailed spatial variation of the flow

properties.

We have stated already that the gas-dynamic and thermodynamicconservation

laws are applied to the system. We assume further that only air is present and

it follows ideal gas laws. Finally, an

air injectionto the system or its equiva-

ponent will be discussedseparately.

explosion is simulated by high-energy

ent. The characteristicsof each com-

10 Ducts. Ducts are modeled usina the momentum eauation with inertia and.

wall friction to describe their branch properties; a choking condition will

replace the momentum relation if the flow velocity is high.

EVENT can calculatethe resistancecoefficientsof ducts for initiallygiven

values of pressure drop and flow. A user-suppliedresistanceoverridesthe cal-

culated value and is particularly useful in parametricand sensitivitystudies.

Other parameters such as duct length and flow cross-sectionarea must be pre-

scribed as well. An importantfeature in modeling ducts with EVENT is that the

duct also should be treated as a series of volume nodes

representationis necessaryfor a duct because the volume is

2. Dampers and Valves. The treatment of dampers is

and branches. This
not zero.

similar to that of

ducts except that the length need not be specified. The effective resistance

coefficient is prescribed or calculated similar to the one used for ducts.

Thus, the damper or valve lossesmay be lumped freely with duct losses.

3. Filters. The filters are considered generally to be

The filter resistance coefficients can be obtained from the

8

linear elements.

manufacturer, or



the code wil calculate a resistance coefficient for an initially given

pressure drop and flow rate if desired.

Based on empiricalevidence, the filter is not a linear element at high flow

rates. The pressure drop across a filter contains the summation of linear and

quadratic relations on flow rate. The EVENT code contains these new features,

but the option of using the quadratic portion requires additional input for the

dissipationof turbulence. This is done by the filter function card specifica-

tion.

4. Blowers and Fans. A representativeblower curve under quasi-steadycon-

ditions is shown in Fig. 9. The curve is based on actual experimentalresults,

including backflow and outrunning flow. The manufacturer’sliterature usually

supplies only the first-quadrantinformation. The blower is placed in a branch,

as are filters, dampers, and ducts. It is considered an active element in the

system because it suppliesenergy to the system.

The EVENT code requires the relation between pressure head and volume flow

to be segmented (Fig. 10). A negative slope must be maintained throughout. The

usefulnessof this quasi-steadyapproach is uncertain under an explosive stress

condition. More analytical and experimental work will be carried out in this

area.
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5. Rooms, Cells, and Plenums. Rooms, cells, and containmentvolumes are

specified at nodal points. The capacitancecoefficient is the room volume cal-

culated from architecturaland constructiondrawings. A room acts as an accu-

mulator and providesmass and energy storage for the gas. Manifolds and returns

also may have sufficient volume to form a capacitancenode. This is indicated

by a message when EVENT finds that the duct volume is greater than half the

volume of the smallest room. An average cross-sectional area also can be

specified by the user so that velocities through rooms can be calculated.

Otherwise,the area is assumed to have a very large value.

The capacitance of ducts is not included automatically even when duct

dimensions are specified; capacitance is specified only through volume nodes.

Therefore,the capacitanceof a duct must be describedthat way.

6. Boundary Nodes. Any atmospheric region that has supply or exhaust

openings to the ventilation system of a facility is considereda boundary node.

This node can be held at a constant initial pressure and temperature,or the

pressure and temperaturecan be varied by specifying a time function, which is

described in the

the boundary node

7. Leakage.

boundary node and

specify a filter

input section. In either case, the condition is known, and

acts as a source or a sink to the rest of the system.

Effective leakage can be approximatedin the model by using a

a fictitiousduct. The leak rate is the flow rate. One could

in the leaking branch; however, it is usually more convenient

to use the default (blank) specification on the branch description because a

value is assumed in this case.

D. InitialConditions

The gas dynamics require that steady-stateconditionsbe established in the

system before initiating the transient caused by the explosion. However, we

can use the restart feature to avoid the steady-statecalculation.

We caution the user about the initial condition. Most users will use the

information in the flow diagram for pressures and volume flows. Quite often,

the system is assumed to be in perfect balance if the volume flows match under

steady-state conditions. However, the principle of fluid mechanics requires

mass flow balance to achieve a steady-state pattern. Except when density is

constant, volume flow balance does not imply mass flow balance. In a

10



ventilation system, the pressure and temperature are not constant throughout

because of resistances, blower heads, heating, and cooling. Consequently, the

density cannot be considered constant in general even at steady state. Users

should not be surprised to find out that the steady–stateresult might differ

from the input condition (most likely a small deviation). The input flow para-

meters, such as pressures, temperatures,and volume flows, are used mainly to

initiate the calculation; conservation of mass and energy should lead to the

final result even for steady-statecalculations.

E. Explosion Description

In this code, the explosive event requires some form of simulation where

the detail of the event is not significant. Basically, an explosion can be

defined by a rapid pressure rise, often along with a rapid temperature rise.

These pressure and temperature increasescan result from physical, chemical, or

even nuclear processes;for example, the rupture of a highly pressurizedvessel

(physical), the combustion or detonation of explosive materials (chemical),or

the criticality excursion of fissionable nuclear materials (nuclear) can cause

a rapid pressure rise with or without a correspondingrapid temperature rise.

All these processes involve a rapid mass and energy addition to a system,

whether it is closed or open. Analyses of explosionswith rapid mass and energy

additions are common and give good results if sufficient rate information is

available. These approaches are useful for simulating an explosion inside a

system and need detailed mass and energy source terms in the mass and energy

equations. When the energy release rate is not known, we can use other informa-

tion, such as pressure- or temperature-timehistories at a particular location

in combination with mass addition information; a combination of pressure– and

temperature-timeprofiles also is acceptable. The last two approaches require

experimental data on the system that can be difficult to obtain. For an

explosion outside a system, the pressure and temperature–time histories at

boundariescan provide informationneeded to investigatea system response.

F. Expected Results

The expected results are gas-dynamic parameters at different locations and

times. Pressures and temperaturesare calculated at nodal points; volume flows,

mass flows, and pressure differentialsare calculated

table of pressures, temperatures,and volume and mass

in branches. A complete

flows always is given for



the first and last calculation time step. These archival data also include

pressure differentials and volume flows according to branch elements. Up to

three special output times can be requested during the run. Extreme values

such as pressure, temperature,volume flow, and mass flow are listed at these

special times. Also included are the extreme values of pressure differentials

and volume flows according to branch elements. Finally, the extreme values of

the complete problem are tabulated. Pressures, temperatures,mass and volume

flows, and pressure differentials are available in time plots if they are

requested.

Iv. INPUT PREPARATION

A. Data Deck Organization

Table II shows the input deck organization,which must be followed. Cards

labeled in capital letters contain essential solution parameters that must be

evaluated; cards labeled “Data Separator” simply separate the input data and

provide an opportunityto insert comments; they are ignored in the solution to

avoid an early computer abort but must always be inserted as shown. Be sure

that the number of data cards specified on the control card agrees with the

amount of data appearing in the control section. Even if time, filter, and

blower functions are not to be used in our described solution, they still may

appear in the input if their existence is specified. This feature provides the

flexibilitythat is especiallyuseful in parametricstudies.

Once the EVENT model parametershave been fully evaluated, this information

is placed in a file called INPUT, which becomes the input for the computer pro-

gram. This file is based on fixed formats; that is, the locationof card infor-

mation is prescribed. The title is followed by control informationand then by

the data. The purposes of control informationare to specify the amount of data

to be read in, to prescribe solution run options, and to indicate the size of

the model. Each type of information is separated from neighboring data by a

separator card that is used to identify what follows. If the number of data

items specified on the control cards does not agree with the number of data

cards provided,the program will try to read data from an adjacent category and

will probably abort with a diagnostic message because the format will not be

correct.
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B. Input Card Description

Input cards are described in the order they occur in the card deck.

Abbreviationsused under the heading “Data Type” are (a) A/N for alphanumeric

data (any combinationof letters and numbers), (b) FP for floating-pointdata,—
and (c) I for integer data. Alphanumeric data should be left-justifiedwith

respect to the first column of the field definition. (Data should start in the

first column of the field.) Integer data should be right-justifiedin the data

field (the last data character should appear in the right-most column of the

field). For example, the integer 5 placed in column 4 of the branch descrip-

tion card would be interpretedas branch 50 if the field definitionencompasses

columns 1 through 5. Floating-pointdata also are right-justified. Only large

or small floating-pointnumbers require the form +nnnE+mm, where n and m are——
integers. Intermediatefloating-pointnumbers may be specifiedas +nn--.nnnn-–

with the decimal point given or as integerswith the decimal point assumed to

the extreme right of the number. Values of data occurring under the heading

‘DefaultValue” are used by EVENT if the input data field is left blank.

DATA SEPARATORCARD DESCRIPTION

1-80 These cards may be left blank or may contain alphanumeric

data. The cards are used to separate different types of data

cards. The contents of the card are ignored by EVENT.



TITLE CARD DESCRIPTION

Col. (s) Data Description

1-80 Eighty columns of alphanumericdata are availableto the

user. These data are used for headings on output lists.

RUNCONTROLI CARD

Data Default Maximum
Col.(s) Data Description Type Value Value

4-5 Run option AIN ST

Ss - steady-statesolutiononly
sT- steady-stateplus transient

restart problem
% : generate restart deck after transient
SP - generate restart deck after steady

state
RP - generate restart deck after restart

6-15 Problem start time(s) FP 0.0

16-25 Transient time step size(s) FP 0.01

26-35 Total problem run time(s) FP 1.0

40 Number of special outputs I o 3

41-50 First special output time(s) FP 0.0

51-60 Second special output time(s) FP 0.0

61-70 Third special output time(s) FP 0.0

J

Transient values of pressure, temperature,mass flow, volume flow, and pressure

differential are saved for listing and plotting. These values are uniformly

spaced between the problem start time and the total problem time. The number of

output time values saved is determined by the program. Additionally, special

output times (up to three) may be requested. These special output times are not

included in printer plots.

14



RUNCONTROLII CARD

Data Default Maximum
Colo(s) Data Description Type Value Value

1-5 Maximum iterationspermittedper time I 1000
step. The program will abort if

convergencehas not been achievedfor

this number of iterations. Ten times

this number is permittedfor steady-

state calculations.

6-15 Convergencecriterion FP 0.0001
21-25 Relaxationparameter. A value FP 1.0

greater than 1.0 and less than

2.0 can be specifiedto reduce

the number of iterationsper time

step. This is determinedthrough

successiveruns and is different for

each problem.

30 Initial pressure input option. Insert AIN (Blank)
the letter ‘PN in this column if no input

pressures at nodal points are to pressures

be suppliedby PRESSURES input. supplied

35 Initial temperatureinput option. AIN (Blank)

Insert the letter ‘TN in this column implies all

if temperaturesat nodal points are ambience

to be suppliedby TEMPERATURES input. values

The nodal initial pressure input option is preferred over the pressure

differential for branches, as described in BRANCH DATA CARD. The use of the

“P” option can detect all branch connectionand resistance errors in one sweep.



PLOT CONTROL CARD

Data Default Maximum
Col.(s) Data Description Type Value Value

4-5 Number of pressure plot frames

9-10 Number of temperatureplot frames

14-15 Number of volume flow plot frames

19-20 Number of mass flow plot frames

24-25 Number of pressure differentialp“

I o 25

I o 25

I o 25

I o 25

ot frames I o 25

I

The total number of plot frames that can be requested is 25; therefore,the sum

of pressure, temperature, volume flow, mass flow, and pressure differential

frames cannot exceed 25. These entries may be left blank if printer plots are

not desired.

PLOT FRAME DESCRIPTIONCARD

Data Default Maximum
Cole(s) Data Description Type Value Value

1-5 Total number of curves this frame I o 4

6-10 Node/branchnumber for first curve I o
11-15 Node/branchnumber for second curve I o
16-20 Node/branchnumber for third curve I o
21-25 Node/branchnumber for fourth curve I o

Pressures and temperaturesare calculatedat nodal points (nodes);volume flows,

mass flows, and pressure differentialsare calculated for branches. This card

identifieshow many and which nodes or branches are to appear as curves on the

plot frame. Different types of curves cannot be mixed on the same frame. Pres-

sure frame description cards should precede the volume flow frame description

cards and so on. These cards may be omitted if plot frames are not requestedon

the plot control card; there is no plot for a steady-staterun.

16



TIMEFUNCTIONCONTROLAND AMBIENCE DATA CARD

Data Default Maximum
Colo(s) Data Description Type Value Value

5 Total number of

10 Total number of

15 Total number of

20 Total number of

pressure-timefunctions I o 5

temperature-timefunctions I o 5

energy-timefunctions I o 5

mass-time functions I o 5

21-30 Value of ambient pressure (psia) FP 14.7

31-40 Value of ambient temperature(F) FP 60

GEOMETRY AND COMPONENTCONTROL CARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-5 Total number of branches I 200

6-10 Total number of boundary nodes I 10

16-20 Total number of volume nodes I 200

21-25 Total number of blower functions I 20

26-30 Total number of filter functions I 50

The values of these parameterscontrol the reading of input data and should

not exceed maximum values. The numbers of branches, boundaries, and volumes

also cannot be zero. The total number of nodes is calculated from the volume

and boundary nodes. Any time function, blower function, and filter function can

be called by more than one node or branch as specified in VOLUME or BRANCH data

cards.

77



BRANCH DATA CARDS

(FirstCard)

Data Default Maximum
Col.(s) Data Description Type Value Value

1-5 Branch number I 200

6-10 Upstream node number I 210
11-15 Downstreamnode number I 210

16-25 Initial estimate of flow (cfm) FP
26-35 Flow area (ft2) FP

36-45 Length (ft) (for duct only) FP
50 Component type AIN D

v .00.. Damper, valve

F ..... Filter

B ..... Blower

D ..... Duct

51-60 Branch pressure differential

(in. w.g.)

61-63 B1ank

64-65 Blower or filter function

identificationnumber I o 20

FP O.O

18



BRANCH DATA CARDS

(SecondCard)

Data Default
Col.(s)

Maximum
Data Description Type Value Value

1-1o Forward resistancecoefficientfor branch. FP calcu-

This value (if greater than O) overrides lated

that calculatedfrom pressure value

differentialand initialflow.

11-20 Backward resistancecoefficientfor branch. FP same

This value (if greater than O) overrides as forward

that calculatedfrom pressure resistance

differentialand initial flow.

Two cards are required for each branch. The BRANCH DESCRIPTIONcards need

not be ordered in the input deck (branch 10 might precede branch 5). However,

the total number of sets should agree with that specified in Cols. 1--5 of the

GEOMETRY AND COMPONENT CONTROL card. The initial flow and pressure differen-

tials must be finite and are used to calculate damper, duct, or filter resis-

tance if it is not given explicitly. The pressure differential also can be

calculated from the nodal pressures if the ‘P” option is selected on RUN

CONTROL CARD II. However, using pressure differentialsrequires repeated runs

to detect all branch connection and resistance errors. The blower or filter

function called must not be zero.
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BOUNDARYDATA CARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-5 Boundary node number I o 210
6-15 Initial value of pressure (psig) FP o

16-20 Pressure-timefunction number I o 5

21-30 Initial value of temperature(F) FP ambient

31-35 Temperature-timefunction number I o 5

VOLUME DATA CARDS

(FirstCard)

Data Default Maximum
Cole(s) Data Description Type Value Value

1-5

6-15

20
25
30
35

36-45
46-55

Node number for volume

Volume (ft3)

Pressure time function number

Temperaturetime function number

Energy addition time function number

Mass addition time function number

Initial value of energy rate (Btu/s)

Initial value of mass rate (lbm/s)

I 210
FP
I o 5
I o 5
I o 5
I o 5

FP 0.0

FP O.O
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VOLUME DATA CARDS

(SecondCard)

Data Default Maximum
Col.(s) Data Description Type Value Value

1-1o Cross-sectionarea (ft2) FP

Two cards are required per volume. All nodes except boundary nodes require

volume node designation. Duct volume must be treated as a series of volume

nodes. The VOLUME DATA cards need not be in numer

volume must be finite.

TIME FUNCTION CARD

cal order. The value of the

Data Default Maximum
Col.(s) Data Description Type Value Value

1-5 Time function number I 5

6-10 Number of data sets in time I 100
function definition. A data set

is defined as an ordered pair of

values of time and function of time.

14-15 Temperaturefunction number (for mass I o 5

injectiononly)

This card controls the reading of subsequentTIME FUNCTION DATA cards. The

TIME FUNCTION card is followed by one or more TIME FUNCTION DATA cards. This

set of cards may be present, but it is not required for steady-stateruns. The

default temperaturefor mass addition is absolutezero.
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TIMEFUNCTION DATA CARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-1o Value of time(s) for first time FP 0.0
function data set.

11-20 Value of variable for first time FP 0.0
function data set.

21-30 Value of time for second time function FP 0.0
data set.

31-40 Value of variable for second time FP 0.0
function data set.

41-50 Value of time for third time function FP 0.0
data set.

51-60 Value of variable for third time FP 0.0
function data set.

Insert as many TIME FUNCTION DATA cards as needed to define all the data

sets. The TIME FUNCTION data sets are used to define all the time-dependent

user-specified data for the problem. This includes time-dependent data for

both boundary nodes and volume nodes. Each type of time function must be

preceded by a data separatorcard.

Use as many TIME FUNCTION and TIME FUNCTION DATA sets as necessary to define

all the time functions required by the problem. You may include time functions

that are not called for in the current run. The card sets must be in the

following order.

o Pressure (psig)

o Temperature (F)

o Energy rate (BTU/s)

o Mass rate (lb/s)

The defining times must be in ascending order. The temperatureassociated

with the mass injection is assumed to be the ambient value if no temperature

function is called.
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BLOWER FUNCTIONCARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-5 Blower function number I o 15

6-10 Number of sets defining this I o 20

blower function. A set is defined

as an ordered pair of values of flow

(cfm) and head (in. water).

The blower function cards are ordered in the same way as time function

cards--an input control card is followed by one or more data cards. One

control card is required for each blower type. The order of the blower

function is unimportant (3 might precede 1); however, this card is used in

reading the following blower function data points and must appear just before

the appropriatedata card(s).

BLOWER FUNCTION DATA CARD

r

Data Default Maximum
Col.(s) Data Description Type Value Value

1-1o Flow (cfm) for the first set FP 0.0

11-20 Blower head (in. water) for FP 0.0

the first set

21-30 Flow for the second set FP 0.0

31-40 Blower head for the second set FP 0.0

41-50 Flow for the third set FP

51-60 Blower head for the third set FP 0.0
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FILTERFUNCTIONCARD

Data Default Maximum
01.(s) Data Description Type Value Value

1-5 Filter function number I o 20
6-10 Blank

11-20 Laminar coefficient F calculated

from initial

condition

21-30 Turbulent coefficient F 0.0

One FUNCTIONcard is needed for each filter model. This card contains the

laminar and turbulent coefficients. To use this filter model, a branch must

call the filter identificationnumber in the BRANCH card.

PRESSURESCARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-15 Pressure (in. w.g.) at the first node FP 0.0
16-30 Pressure at the second node FP 0.0
31-45 Pressure at the third node FP 0.0
46-60 Pressure at the fourth node FP O.O
61-75 Pressure at the fifth node FP 0.0

I
One DATA SEPARATOR card precedes the PRESSURE INPUT data cards. These

cards are required only if Col. 30 of the RUN CONTROL II card is set to P. The

values of pressure for boundary nodes may be left blank because these values

are suppliedon the BOUNDARY NODE DATA cards. Use as many cards as required to

define all the system pressures.
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TEMPERATURESCARD

Data Default Maximum
Col.(s) Data Description Type Value Value

1-15 Temperature (F) at the first node FP atmospheric

16-30 Temperatureat the second node FP

31-45 Temperatureat the third node FP

46-60 Temperatureat the fourth node FP

61-75 Temperature at the fifth node FP

One DATA SEPARATOR card precedes the TEMPERATURE INPUT data cards. These

cards are required only if Col. 35 of the RUN CONTROL II CARDis set to T. The

values of temperaturefor boundary nodes may be left blank because these values

are supplied on the BOUNDARY NODE DATA cards. Use as many cards as required to

define all the system temperatures.

c. Restart

Restart is an option that allows a solution to be interruptedand then con-

tinued. This option also allows a solution to begin without any system flows.

Basically, the values of the independentparameters defining the state of flow

in the system at the time of the interrupt are saved and used as the starting

point for the restarted solution. The values of dependent parameters also are

saved for plotting purposes. Although the configurationor connection network

(that is, system of nodes and branches) should not be changed, its geometry can

be changed to reflect any new physical features. These changes might be in

volumes, areas, resistance coefficients,or even in functions. Several types

of restarts are possible: (1) a restart immediately following steady state,

(2) a restart during a transient, and (3) a restart of a restart. Columns 4-5

of RUN CONTROL CARD 1 are used to specify the types ‘SP,” ‘TP,U and ‘RP,U

respectively. These symbols signal the program to prepare a complete input

file that includes all of the parameters for the last calculation time step.

This file, named REST, becomes the data source for the restart solution. REST

must be switched to INPUT before it can be executed. This new input file

contains a run option “RS” for the actual restart run. However, this option

can be changed to ‘RPtiif further restart is needed. The saved values of flow
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RESTART DECK

Card
Type Card Description

1 Header card containingthe information* RESTART DATA in Cols. 1-16

--- ---- ---- ---- ---- ---- ---- ---- ---- ----
2 Pressure card(s). Five values of pressure (in. w.g.) are included

per card (Cols. 1-15, 16-30, ... 60-75). All system pressures (1 to
the total number of nodal points) are defined on these cards.

--- ---- ---- ---— ——- ---- ---- --—- ---- ---- -
3 Temperaturecard(s). Five values of temperature(F) are included

per card (Cols. 1-15, 16-30, ... 60-75). All system temperatures
(1 to the total number of nodal points) are defined on these cards.

--- ---- ---- ---- ---- ---- ---- ---- ---- ----
4 Volume flows. Five values of flow (cfm) appear on each card

formatted in the same manner as those in 2. All branch flows (1 to
the total number of branches) are defined on these cards.

--- ---- --—- ---- ---- ---- ---- ---- ---- ----
5 Mass flows. Five values of flow (lb/s) appear on each card

formatted in the same manner as those in 2. All branch flows (1 to
the total number of branches) are defined on these cards.

--- ---- ---- ---- ---- ---- ---- ---- ---- ----
6 Forward resistance coefficients. Each branch resistance is defined,

five per card as in 2, in order of increasingbranch number (1 to
total number of branches).

,-- ---- ---- ---— ---- ---- ---- ---— ---- ---- -
7 Backwardresistancecoefficients. Each branch resistance is

defined, five per card as in 2, in order of increasingbranch number
(1 to total number of branches).

,-- ---- ---- -—-- ---- ———- --— -—- ---- ---- ---
8 Filter laminarcoefficients. Five values are includedper card

(COIS. 1-15, 16-30, ... 60-75). All (1 to the total number of
filter types) are defined on these cards.

--- ---- ---— ---- ---- ——-— ---- ---- ---- ---- -
9 Filter turbulentcoefficients. Five values are includedper card

(Cols.1-15, 16-30, ... 60-75). All (1 to the total number of
filter types) are defined on these cards.
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parameters are categorizedand abeled for ease of identificationat the end of

REST. The specific entries within a given category are listed in ascending

order by either nodes or branches as noted. The format used is 5(E15.8). The

parametersare (1) pressures (nodes),(2) temperatures(nodes), (3) volume flows

(branches), (4) mass flows (branches), (5) forward resistance coefficients

(branches),(6) backward resistance coefficients

coefficients(filters),and (8) filter turbulent

v. CODE OUTPUT

il. Summarv

(branches), (7) filter

coefficients(filters).

aminar

EVENT output files are called OUTPUT, TAPElO, and TAPE13. All the printed

output is on OUTPUT and can be accessed through a line printer. These data are

presented in formats that are designed to provide adequate diagnostics for

debugging and an easy-to-read display of the final answers. Both printed and

plotted displays of the answers are given. A summary of extreme values spanning

the entire period of the problem is produced at the end of the problem. Pres-

sures and flows are inspected at each time step during the calculation in

compiling data for this list so that extreme values are not missed by poor

selection of output frequency. Frequently, one might wish output lists for a

specific point in time not covered in the selection of output frequency. A

maximum of three special output times may be selected. These special output

times do not appear in the printer plots because these points must be equi-

distant in time. The printed data are broken down into 13 categories.

1. Exact listing (echo) of input file

II. Summary of

III. Summary of

Iv. Summary of

v. Summary of

VI. Resistance

control informationand diagnostics

problem control parameters

model control parameters

nodal type, initial pressure, and branch connections

coefficientsand critical reachnumbers

VII. Filter branch data

VIII. Blower branch data

IX. Sununaryof solution parameters

x. Archival list of pressures,temperatures,volume flows,and mass flows

XI. Archival list of pressure differentialsand volume flows

XII. Summary of extreme values at time

XIII. Summaryof extreme values for the entire problem
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B. Printer Plots

Line-printer plots may be requested on the PLOT CONTROL card and the PLOT

FRAME DESCRIPTION cards. A maximum of 25 frames can be requested, and a max-

imum of 4 curves can be put on a single frame. Each curve is identifiedby an

alphabeticcharacterA through D. Overlappingcurves are shown by an X at the

point of overlap.

When the number of output times is sparse, the program attempts to fill the

plot frame page by spacing with blank lines between points. The extreme value

surrunariescan serve as valuable guides in selecting the node or branch candi-

dates for plotting. Further, the final extreme value summary can be checked for

missing extremums on the plots. Printer-plotsare not precise by their nature;

however, they can give the analyst a good picture of how the system behaves.

TAPE13 contains a complete listing of archival data for each time step in

chronologicalorder. TAPE13 is used for the printer-plotdisplays in OUTPUT and

for creati?g TAPElO, which in turn is used for displayingthese same plots on a

TEKTRONIX terminal or its equivalent. The program that does this is EVPLOT.

The printed plots appearing in OUTPUT are done automatically using TAPE13.

TAPE13 is also an output file so that the user has an opportunityto make addi-

tional plots after the problem has been run. The program for making these

additional plots using TAPE13 as its source of raw data is PLTMOR. This pro-

gram also requires an input file, called INPLT, that defines the desired plots.

The flow diagram shown in Fig. 11 summarizesthese output options.

The amount of output obtained in case of an abort caused by an input error

depends on the time during the solution when this error is encountered. For

example, an incorrect format specified in the input resulting from data being

out of order will limit the output to Table I shown in Appendix C (echo of

input). Modeling inconsistenciesare diagnosed when the input echo is read in

or when the input data are reworked before entering the solution. Appropriate

messages are printed when this happens. An abort during the solution occurs

when a particular time-step calculation fails to converge. A message to this

effect is printed along with a partial dump of the mass flow rates, pressures,

densities, and correction terms being used followed by a printout of

Tables VI--XII (AppendixC) for time = 0.0 s and the last time step before the
abort occurred.

EVENT’s output is designed to help the user easily find discrepancies in

the input that result in an incompleteor incorrect solution. For example, an
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clEVENT

PEVPLOT

&
Fig. 11.

Output options.

echo of the input fi1e is presentedfirst to help uncover format errors. If the
problem aborts at this point, some diagnostic messages wi11 follow suggesting

possible reasons why this happened. When the input data are free of format

errors and are consistent,the program prepares for the solution. This prepara-

tion produces additional data that give the user an opportunity to check the

accuracy of the input. This portion of the output also contains any default

values. At this time, nothing can stop the solution from beginning unless a

particular time-step calculation fai1s to converge. When this happens, a dump

of pertinent parameters and a 1ist of possible reasons wi11 be printed. The

results of the previous time step also wi11 be printed.

Al1 the categories of data are printed automatically and cannot be

suppressed or changed by the user. However, the user has control over the

amount of output generated. Two options are avai1able.

o If printed plots are requested, only the results from the first and

last calCU1ation times wil1 be printed. This assumes that the plots

wi11 be sufficient for a cursory look at the results and these very

1imited results are enough to bracket the solution.
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o Another option is to request up to three special output times. This

option serves two purposes. (1) It permits the user to specify outputs

between the evenly spaced times computed by the program, and (2) it

permits printoutswhen the intermediateoutput times are suppressed.

c. DiagnosticMessages

Diagnostic (warning or error) messages are provided to help the user

isolate possible input data or modeling errors. In most cases, the error is

easily discerned from the message; however,

to produce messages that can confound the

check of the input return list and a review

usually isolatethe problem.

Diagnostic messages are produced during input processing or the system-

solver calculations;hence, there is no set pattern to their location in the

output. A list of error and warning messages is given in Appendix B.

out-of-orderor missing cards tend

user. In these cases, a careful

of input preparation(Sec. IV.) can

VI. SAMPLE PROBLEM

The model for

used for EVENT is

ventilation system

relatively large room, a filter plenum, a long duct, and an exhaust stack. The

two blower curves also are shown in Fig. 13.

the sample problem is shown in Fig. 12, and the schematic

shown in Fig. 13. This model represents a hypothetical

consisting of a supply and an exhaust blower, dampers, a

BLOWER
(8)

FILTER
ROOM LONG DUm PLENUM I

BLOWER 4
(2)

(i’)

DAMPER
(1)

DAMPER
(3)

Fig. 12.
Ventilationsystem for sample problem.
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1000 cfm steady–stateflow

(1) (2) (3) (4) (5) (6) (7) (8) (9)

o 500 10001500
Flow (cfm)

Blower No. 1

Fig. 13.
EVENT model of the sample problem and

An explosive event is assumed to take place in

o 1000 2000
Flow (cfm)

Blower No. 2

blower curves.

the big room (node 4) with

4.23 Ibs of high explosive. The total burn time, including the gas-dynamic

relaxation time to reach an equilibrium condition for the entire room, is set

at .01 s. The burn history used is a simple ramp up and down with a peak at

.005 s. The explosion event is actually prescribed by the mass and energy

injectiongiven in the input file, where the geometry and initial condition are

also defined. (See Fig. 14.) We add the line number in that file for clarity.

If we further assume that such a severe explosionwill not change the struc-

tural integrity of the flow system and that the filter behaves normally, then

we can obtain the gas-dynamic transient for the given flow network geometry--

the pressures (Figs.15 and 16), temperatures, (Figs.17 and 18), volume flows

(Figs. 19--21), and mass flows (Fig. 22). The peak pressure and peak tempera-

ture in node 4 are approximately 54 psig and 1900°F, respectively. At the

end of 22s, the pressures decay to values close to steady state, but the

temperaturesdecay at a much slower rate. In fact, the temperatureshave just

reached the peak at some nodes. This condition should be expected because the

explosion is basically thermal; that is, a large percentage of energy is

associated with the internal energy because of chemical reaction. The flow

plots indicate strong flow reversal for the branches upstream of node 4;
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1
i?
3
Q
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
i?o
21
22

●

EXF1-DSIchI IN LARGE ROCHI, NCW ~
●

● RUN CCt4TRC1-1
ST 0.0 0.0005 I .0 3 0.25 0.50 0.75

● RUN CCt4TROL2
500 .0001 PT

● PLOT C~TRII
2231

● F1-Oi FRAtlE OESCRIPT ION’ .
92395
b67R9
h231t5
96709
3123
3956
3709
3395
16

● T IME FUFtT ICN CCt4T~ ANo AMBIANCE DATA
.I 2 1 2 Iw .7 60.0

● GEOMETRYAND C(WC?KNT CCNTRCL
23 928
~ ● ~ANcH oATA
25 112
26
27 223
26
29 339
30
31 995
32
33 556
m

667
z
37 778
B
39 809
*O
%1 9 9 10
42
43 ● WNOARY oATA
Q* I
45 10
46 s v~u~ DATA
47 w 1000.
~B I 00.
99 5 200.
50 ~.
51 6 200.
52 9.
53 7 20.
54 9.
55 B 20.
56 h.
57 9 20.
58 4.
59 2 20.
60 4.

32
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I 000.

1000.

1000.

1000.

1000.

1000.

1000.

1000.

0
0

00

4.0

h.o

9.0

4.0

9.0

4.0

*.O

Q.0

v .0

11

v

B

v

50. D

50. D

F

v

B

v

I

1

2

Fig. 14.
Input file.
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61 3 20.
62 9.
63 “ ~ESsK T IHE FUKTIC?4S (S, PsIG)
6% 15
65 0.0 0.0 I .0 10.
66 3.0 0.0 4.0 0.0
57 , T~~RAT~ T Im Fu~T1~s (s, F)

6B 12
69 0.0 1000. 10. I 000.
70 22
71 0.0 -460. 10. -It60.
72 , EN~Gy TIME F(J~Tl~s (sO 8Tu/s)
73 15
m 0.0 0.0 0.005 5 .3%W6
75 5.0 0.0 6.0 0.0
~ , RAss T IHE Fu)&T1~s (s, LB/s)
77 I*O
72 0.0 0.0 0.005
79

8.46GE2
5.0 0.0

00 292
81 0.0 0.0 0.1 30000.
a2 10.0 0.0
S3 b RQER Flj~T]~s (CFH, [N. ~)

e+ 16
B5 -100. 2.7 0.0 1.9
06 1000. 1.6 1300. O.B
87 2
ES -2006 1.4 0.0 I .0
B9 1000. 0.7 1*OO. O.w
90 36
91 -100. 2.3 0.0 1.6
92 940. 1.3 1100. O.B
93 ● rlLT~ Fu~TI~s

94 1 6.581= 0.0
95 2 0.0 0.0
95 # ~Es~s ( IN. ~.GO )

97 0.0 -0.5 +1.1
98 O.B -0.2 -0.3
99 , T~~RAT~s (F)

100 60. 60. 60.
10 I 50. 60. 60.

2.0

0.o1

0.01

0.2

800.
1*00.

700.
1600.

770.
1200.

10.

0.0

0.0

30000.

1.B
0.0

0.9
0.0

1.5
0.0

1.0 0.9
0.4 0.0

60. 60.
60. 60.

Fig. 14.
Input file (cent).
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Fig. 16.
Pressures.
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Temperatures.
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Fig. 19.
Volume flows.
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Fig. 21.
Volume flows.

40



L
\ 0LEGEND
,“-, v = BRANCH

f “, o = BRANCH :

: \ ‘,

+ += BRANCH 5
\

; \ ‘“*,
,

i ‘“$

\ “,
+

\ “,,

f ‘,‘+

\’
,
‘.

\
‘.+.

‘.

\
‘.

---+- --+--- +---+ ---+--- +---+--- ~-
--+--.+---+---+-

\’~_~e—___. ~ “ ~e ---+---

0.0 0.1 0.2 0.3 0.4 0.5
TIME (S)

Fig. 22.
Mass flows.

0.6 0.7 0.8 0.9 1.0

41



interest

~~
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Fig. 23.
Pressure differential.

ngly, the mass flows return to normal much sooner than the volume

flows. This is again a result of the high-temperature(or low-density)con-

dition in the flow network. The pressuredifferentialacrossthe only filter in

the system (branchno. 6) is shown in Fig. 23.

A complete listing of the output file OUTPUT is given in Appendix C.

APPENDIX A

GAS-DYNAMICSSUMMARY

I. INTRODUCTION

This discussion includes a very brief summary of the gas dynamics used in

the EVENT code. The reader should see Ref. 1 for a more detailed discussionof

the theoreticaland numericalformulationof the working equations.
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T’helumped-parametermethod is the basic formulationthat describes a ven-

tilation system or any other air pathway. The same method is used for the

computer code TVENT,2 which can handle tornado–inducedtransients. No spa-

tial distribution of parameters is considered in this approach, although an

effect of spatial distribution can be approximatedby noding. Network theory

(using the lumped-parametermethod) includes a number of system elements,called

branches,joined at certain points, called nodes. Ventilationsystem components

that exhibit flow resistance and inertia, such as dampers, ducts, valves, and

filters, and that exhibit flow potential, such as blowers,-are located within

the branches of the system.

The connectionpoints of branches are nodes for componentsthat have finite

volumes (such as rooms, gloveboxes,plenums, and even ducts) and for boundaries

where the volume is practically infinite.Therefore, all internal nodes should

possess some finite volume where fluid mass and energy storage may be taken into

account.

II. MASSEQUATION

The continuity equation is applied at each internal node. The mass equa-

tion for nodes that allows mass accumulationis

where ~ is the mass flow rate in branch k, and ~ is the density of the

node. The value qk is used to adjust for the proper flow direction in rela-

tion to the node; qk = +1 for the downstream node of a branch or -1 for the

upstream node. $ls is the user-specified mass source per unit time for the

volume, and V is the volume of the node.

III. ENERGY EQUATION

Both the amount and rate of energy release from an explosiveevent can have

profound effects on the gas dynamics of a system. The energy equation used in

the EVENT code is expressedbelow.
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~=+[;,k~k(cp,k+:)+i,CpT,+i,]. (A-2)

The nodal pressure is p; R, Cv, and Cp represent the gas constant, specific

heat at constant volume, and specific heat at constant pressure, respectively.

Tk and Vk are the branch gas temperature and velocity. The temperature

associated with mass addition is Ts, and the energy addition is is. A per-

fect gas law has been used to obtain this expression.

Iv. MOMENTUM EQUATION

A momentum equation of incompressibleform for a duct with constant area is

used.

(A-3)

where Q and A are the duct length and cross-sectionarea. The values f and D

represent the Moody friction factor and hydraulic diameter. For a branch with

sudden area change, we add the momentum equations for the three legs and use

the interfacecontinuityrelations. Then, we obtain

●

()1$+ pi+)j
1

‘Keff~
hill

9 (A-4)
2D

where

Keff ‘&+ Ki)(iY+(~+K)+(& +Kj)(%Y ●

(A-5)

(A-6)



I represents the inertia effect of the flow path between nodal points i and j.

This includes the rooms as well as the duct. Keff is the total effective

resistance coefficient;the minor losses, such as turning, entrance, and exit,

are representedby the K’s.

v. CHOKING OF COMPRESSIBLEFLOW WITH DISSIPATION

The steady-stateflow rate in incompressibleflow is determinedby the

pressure drop. In compressibleflow, the flow rate will reach a maximum value

regardless of how much the downstream pressure is decreased if the upstream

pressure is constant. This phenomenon is choking.

We will investigatethe quasi-steadycompressibleflow inside a constant-

area duct where the usual one-dimensional approximation is assumed. Heat

transfer is not allowed, but a friction effect is present. For a duct with

friction loss, the Mach number at the duct entrance (location 1) can reach a

maximum and the value is less than 1. This upstream critical Mach number Ml

is uniquelyrelated to the friction loss, so that

.
m= (A-7)~plA.AMl~’ o

This is the maximum allowable mass flow rate that a particular branch

supply for a given condition at 1. This flow rate will be compared with

from the momentum equation. Choked flow is used if the former is smaller.

VI. BLOWER MODEL

can

that

Blowers provide the driving force to the flow in a system. Specifically,

we need to know the volume flow rate for given pressure head condition.

Usually,we can obtain a relationshipfrom the manufactureras follows:

AP = f(Q) , (A-8)

where Ap is the pressure rise through the blower and Q represents the flow rate.

The function is given either in tabulated form or as a curve. For the time

being, we will use only this quasi-steady and constant-densityrelation in our

code.
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VII. FILTERMODEL

A model that includes both laminar and turbulent dissipation is used in

this code.

Ap = Q PQ2 ,
‘L~A~+KT ~ (A-9)

with Ap being the pressure drop, Q the volume flow rate, u the viscosity,P the

gas density, and A the filter frontal area. KL and KT are two empirical

coefficientsrepresentingthe laminar and turbulent effects. This model is de-

veloped from the concept of fluid flow through porous media. Some experimental

data have confirmedthe nonlinear behavior of the filter at high flow rates.3

VIII. NUMERICALSCHEME

We can always cast the momentumequation with friction and inertia,

choking flow, blower flow, or filter flow into a linearizedform

.-- .-
tii=A-C6p-E6P . (A-1O)

~ is an estimate of the mass flow rate, ~p and ~P are the pressure and

density correction terms at each nodal location, and ~ and ~ are the coeffi-

cients resulting from the Taylor expansion of Eqs. (A-4) and (A-7)--(A-9). The

substitution of Eq. (A-1O) into the mass and energy conservation, Eqs. (A-1)

and (A-2), should yield the

iterative process continues

approach zero and the system

separate document.4 Some

verified by experiments.5

results of ~p and ~p and the new flow rate. The

until both the pressure and density corrections

is balanced. Additional detail can be found in a

aspects of the physical modelings have been
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APPENDIX B

DIAGNOSTICS

During the development of the EVENT computer code, a substantial part of

the total effort was devoted to helping users identify possible input and prob-

lem errors through extensive diagnosticmessages. Most of the input errors are

listed in Table 11 in Appendix C; however, not all errors can be detected with

just one run because they are separated under different categories as we will

see later. The user must rerun the INPUT file to clear all errors step by step.

Even so, a successful run is not guaranteedbecause each problem is unique and

a good modeling strategy relies on experience. We will present some major input

errors accordingto the detection sequences.

A. Time errors

For any normal nonrestart run, the problem start time is set at zero if the

total problem is less than the specifiedvalue. However, in the case of a re-

start run, the problem start time cannot be greater than the total problem time.

B. Plot control errors

The total number of plot frames cannot exceed the maximum allowable value

of 25.

c. Plot frame control errors

Only four curves are allowed for each plot frame; in addition, the curve

number cannot be zero.

D. Geometry and component control errors

The maximum numbers of branches, nodes, boundaries, volumes, blower types

and filter types cannot exceed

branchesor nodes also cannot be

E. Plot frame control errors, 2

the values given in Table I. The number of

zero.

After the numbers of branches and nodes are declared and accepted, the code

will check each node or branch number for the plot curve in the PLOT FRAME
DESCRIPTIONcard. The number cannot exceed the value declared in the GEOMETRY

AND COMPONENTCONTROL card.
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F. Time function errors

Any time function number cannot exceed 5.

G. Branch data errors

The branch number can neither be greater than the declared value nor zero.

The upstream or downstreamnode of each branch must stay in the declared range

but not be zero. For a blower branch, the blower function number usedmust be
greater than zero and within the limit. A filter branch can use no filter func-

tion at all. In case it does, the number must be within the declared range.

Finally, the flow area must be greater than zero.

H. Boundary data errors

The node number’used must be declared, and the va’

specifiednumber of nodes. Any time function used must

limit.

I. Volume data errors

ue must not exceed the

be within the specified

The nodal designation in the EVENT code is either boundary or volume, and

the lattermust contain finite volume value. The node number cannot exceed the

maximum specifiedvalue; also, any time function used must be within the speci-

fied range. They should be used in proper combination. In case the volume

flow cross-sectionarea is not given, a very large value is assigned.

J. Time

More

not used

functiondata errors

time functions can be included in the INPUT file even though some are

this provides flexibility in using the same file for different runs

with minor change.

fied value. The t

the number of data

The function identificationnumber cannot exceed the speci-

me sequence in these functionsmust be in ascendingorder and

sets cannot exceed 100.

K. Blower data errors

The EVENT code can accommodateup to 20 differentblower functions, although

some are not used in the actual run. The identificationnumber cannot be zero

or exceed the specified limit for each blower. The number of total data sets

must not be greater than the allowable value, and it cannot be zero. The

described pressure head must be monotonically descending. On the other hand,
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the volume flow must be monotonicallyascending. An error message will appear

if any of the conditionsis violated.

L. Filter data errors

The filter identificationcan neither be zero nor greater than the specified

maximum. If the turbulent

linear resistiveelement.

M. Resistanceerrors

coefficient is not given, the filter is treated as a

For all resistive branches such as valves, dampers, ducts and filters, the

resistance must be specified or can be calculated from the given pressure

differentialand flow rate. Otherwise, an error message would appear.

N. Node connectionerrors

Any node specified in a flow network must connect with other nodes in the

system. A fatal error message will appear if there is one node that does not

have a connection. If a volume node makes only one connection, a warning

message would result.

o. Area errors

The volume cross-sectionarea must be equal to or greater than the areas of

the branches connected to that volume. Otherwise, an error message would

appear and the run would stop.

APPENDIX C

SAMPLE PROBLEM OUTPUT

For the convenience of the users running the sample problem with the input

file given in Fig. 14, we include the complete printer output here.
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EEEEEEEEVV VV EEEEEEEE
EEEEEEEEVV VV EEEEEEEE
EE w VV EE
EE w VV EE
EEEEEE Vv Vv EEEEEE
EEEEEE w Vv EEEEEE
EE VVVV EE
EE VVVV EE
EEEEEEEE VV EEEEEEEE
EEEEEEEE w EEEEEEEE

NN NN TTTTTTTT
NNN NN TTTTTTTT
NNNN NN TT
NNNNN NN TT
NNNNN NN TT
NN NNNNN TT
NN NNNNN TT
NN NNNN TT
NN NNN TT
NN NN TT

oEvQ_-D AT LOS ALMK3SNATIOML LABORATU?Y
LOS ALAllOS, NW MEXIC0875%5

JUNE 1982

*w****t*t********e*+*e****4**@*********e***4****+************

***0**************0@*0*+****t**09*****t@*+**@*e**********e***
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EVENT JUNE 82 LoS ALAMOSNAT[ONAL LABORATU?Y

TABLE I [PAGE 11

EXACT LIsTING [ECI+3) OF [N13JT FILE

10 ?0 30 ~o 50 60 70 80
l23%56~9Ol23~56789Ol23~56789Ol234567S9Ol23~567B9Ol2m5678gOI23q56mgOl23%56mgO

IS*
2SEXFLOSION IN LARGE ROOM, N~E 4
3$*
kS* RUN CCt4TRCl_1
5S ST 0.0 0.0005 1.0 3 0.25 0.50 0.75
6S* RUN CCNTRm 2
7s 500 .0001 PT
BS* PLOT CC?4TROL
9s 2 2 3 1 1

Ios* PLoT FRAHE OESCRIPTtW
11s 4 2 3 q 5
12S k 6 7 8 9
13s 4 2 3 4 5
14S 4 6 7 8 9
15s 3 1 2“ 3
16s 3 ~ 5 6
17s 3 7 8 9
18s 3 3 4 5
19S 1 6
2os* TIME FUNcTI~ CCNTRCLAND AMBIANCEDATA
21S 1 2 1 2 14.7 60.0
22s0 GEOMETRYAND CC?IFONENTCCNTRCL
23S 9 2 8
29S* BRANCHOATA
25S 1 1 2
26S
27S 2 2 3
28s
29S 3 3 9
30s
31s k 4 5
32S
33s 5 5 6
3%s
35s 6 6 7
36S
37s 7 7 8
38S
39S 8 0 9
40s
*IS 9 9 10
Q2S
4~* BOUNDARYOAIA
94s I
%5s 10
46S* VCIUW OATA
47s v 1000.
48S 100.
49s 5 200.
50s *.
51S 6 200.
52s 4.

32

1000.

1000.

1000.

1000.

1000.

1000.

1000.

1000.

1000.

0
0

00

~.o

4.0

*.O

4.0

*.O

4.0

4.0

%.0

~.o

11

v

B

v

50. D

50. D

F

v

B

v

1

1

2
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EVENT JUNE 82 LOS ALAMOSNATICWL LABORATU?Y

TABLE I (PAGE 21

EXACT LISTING IECM2) OF INPUT FILE

10 2’0 30 ~o 50 60 70 so
l23~%~9Ol2W56~9Ol23~56789Ol?3456~9Ol23456~9Ol23456~9O[23~56~9Ol23456789O

53s 7 20.
5*S 4.
55S 8 20.
56S +.
57s 9 20.
58$ ~.
59s 2 20.
60S 9.
61S 3 20.
62S ~.
63S* PR~SURE TIME FUNCTIONS (S. PSIG)
6~S I 5
65S 0.0 0.0 1.0 10.
66s 3.0 0.0 ~.o 0.0
67S* TEMPERATURETIIIE FUNCTIEX4S[S, F)
68s 1 2
69S 0.0 1000. 10. 1000.
70s 2 2
71s 0.0 -%60. 10. -460.
72S* ENERGYTIME FUNCTIONS (S, BTU/S)
73s I 5
7~s 0.0 0.0 0.005 5.W~E6
75s 5.0 0.0 6.0 0.0
76S* tlASS TIME FUNCT1Ct4SIS, LB/Sl
77s 1 4 0
78s 0.0 0.0 0.005 8.~6K2
79s 5.0 0.0
80s 2 % 2
BIS 0.0 0.0 0.1 30000.
82S 10.0 0.0
B~o ~~ER FuNCTl~S [CFM, IN. H20)
84S 1 6
85s -1oo. 2.7 0.0 1.9
86S 1000. 1.6 1300. 0.0
07s 2
e8s -2006 l.~ 0.0 1.0
B9S 1000. 0.7 1*00. 0.4
90S 3 6
91s -1oo. 2.3 0.0 1.6
92s 940. 1.3 1100. 0.8
93S~ FILTER FUNCTIONS
99s 1 6.5B49f6 0.0
95s i? 0.0 0.0
96S* PRESWRES (IN. u.G.)
97s 0.0 -0.5
98s 0.8 -0.!?
995* TEWERATHS (FI

loos 60. 60.
101s 60. 60.

+1.1
-0.3

60.
60.

2.0

0.01

0.01

0.2

BOO.
1400.

700.
1600.

770.
1200.

10.

0.0

0.0

30000.

1.B
0.0

0.9
0.0

1.5
0.0

1.0
O.b

60.
60.

0.9
0.0

60.
60.
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TABLE II

SuMMARyOF CWTRCI INFORMATIONANO OIAGNC%TICS

PRESSUREFRAMES . 2
TEMPERATUREFRAMES= 2
vCIUME FLOU FRAMES= 3
MASS FLO14FRAMES= 1
DIFFERENTIAL PRESSUREFRAMES = 1

PRESSUREFUNCTIONS = 1
TEMPERATUREFUNCTIONS = .2
ENERGYFUNCTlmS = 1
tlASSFUNCTlLk4S = 2

BRANCKS = 9
N-S . 10
BOUNDARIES = 2
Valms = e
BLOUERTYPES = 3
FILTER TYPES = 2

-----Ff?ESSURfS READ IN (NOT CALC.FR(34 DIFPI

-----TEMPERATURES READ IN

. . . CAUTlCt4 . . .

ORANCH 4 VCLUHE (FT31 = 200.00 APPROACHINGMIN. vCLUMEI 20.000)
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T-E 111

SUt?YbRYOF PRWtEN CCNTltX PARAMETERS

PRWLEIY TWE
T UK STSP 1s1
sTMT Tl= ISI
TOTAL T l= (S)

0.0000 .0100
moo .Osm
.1600
..300 :Z:
.3?00 .3300
.4000 .bloo
.Wm .4W0
.5600 .5mo
.6W0 .6*
.7200 .7300
.Emo .8100
.Woo .eSOo
.!XW .9700

TISI fT--------- ---------
FM. No---- 1

0. 0.

11s1 FT
--------- ---------

FM. No---- 1
0. 1.00E*03

FM. NO---- i?
o. -%.60K*02

161 FT
-.-.----- ---------

FM. No---- 1
0. 0.

11S1 FT

sS/TRANS
S.000w-w

0.000
1.000

.0300

. !000

.1000

.3600

.3mo

.W330

.!$000

.5W0

.6600

.74M

.Woo

.9000

.Sem

IYAXII’UHITERATIONS-R TIHE STEP 5M
CIMVEROENWCRITD?ICN I .000E-W
RELAXATIONPARAFIET~ 1.00000

OUTRJT TIMES ISI

.0300

.1100

.1900

.?700

.3s00

.9s0

.5100

.!WOO

.6m0

.7500

.8300

.9100

.9900

.wm

.1300

.3000

.?000

.3600

.wrn

.5300

.6000

.6600
moo
.wm
.Smo

I .0000

.0500

.1300

.2100

.sm

.3700

.wwo

.s300

.6100

.6SW

.noo

.Esm

.9300

.IEoo

. Ihm

.2.?00

.3000

.3800

.WoO

.5woo

.6W0

.7000

.mm

.emo

.wm

.0700

. 1s00

.2300

.3100

.3sm

.bmo

.5500

.6300

.7100

.7SW

.emo

.95M

PRCSWE TItE FUNCTICN OATA (pSIG)

11S1 FT 1(s1 FT T(SI FT 1(s1 FT--------- .-------- --------- --------- --.------ ---------

I .000s+m I .mmoti 2.000E+m I .00LX+OI 3.00cc+oo o.

TEIUW?ATW TIME FUNCTIIM OATA (f)

1(S) FT 1(s) fl T(SI FT
--------- -.------- --------- ..------- --------- ---------

I .000s+01 1.oolK*03

1.00UE*OI -4.6Wf*O?

mERoY T IFK FUNCTICN OATA (BTWS)

1(s) FT 11s) FT T [s1 FT
. . . . . . . . . --------- --------- --------- --------- ---------

S.00K-03 s.wtE*m I .000E-W o. 5.000E*OO o.

MASS TIFK FUWTICNOATA[lB/S)

T(s1 FT T[S) FT T(s) FT

------.-- ---------

9 .000E+OO o.

T(SI FT
--------- --.-..---

1 (S I FT
--------- ---------

6.000E*OO O.

TISI FT
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. ... .. ... --------- ----—_- --------- --------- --—--—---------- ---------
FN NO.- -- I

--------- . --------

0. 0. 5.000[-03 8 .461X+OZ I .000E-02 0.
FN NO---- ?

5.000E*oo 0.

0. 0. I.000E-01 3.000S+04 2.000E-01 3.000E*IJI I OOOE+O! 0.

TbRf Iv

SLEWU?YW HC3XL CC?4T%I. PARAMETER6

IN OUT
NO. NOE tWJE

2
:;3
33*

*!5
;56
667
77e
889
9 9 10

INITIAL
F-la

(cm)
1000.00
1000.00
1000.00
1000.00
1000.00
1000.00
1000.00
1000. M
tooo. m

FLcu
ARfA

IFT?I
h.m
h.m
* .00
* .00
w.m
*.m
b.m
+.m
h.m

CCMP
TYR

OH
Wu?
OAIW
DUCT
IXJCT
FILT
DAW
a.lw
OAH

Amlml PRESSUK =

M7_ DATA

EXP RESIST REv RESIST INITIAi, INERTIA
CURW o tXLTA-P

I IN. @l
o 2.0 0. 0.

I l/FT I
5.000s-01 w.931E-01

1 1.0 0. 0. 1.600E+m o.
0 2.0 0. 0. 1.00 IX-01 Q.It31E-01
o 2.0 0. 0. I . 000s-01 I .2s=.01
o 2.0 0. 0. I .000s-01
I

1.iElcE*ol
I .0 0. 0. 1.00 LK*OO o.

0 2.0 0. 0. 1.000s-01
2

II .$31E-01
1.0 0. 0. 7.00=-01 o.

0 2.0 0. 0. 4 .mw-ol * .V31E-01

6olJmARY OAIA

IV.70 (PSIA) AIWENT TWSRATIE = 60.00 (F)

NWE INITIAL P FN INITIAL T m NCIX INITIAL P FN INITIAL T FN
W. PREs- No. TmP. No.

NC3X INITIAL P FN INITIAL T FN
No. PREssl= No. TEW. *. NO. PRS6SlJW NO. TEMP. W.

IPSIOJ (F) IPSIGI IF I IPSIGI (f]
---- -------- --- -------- --- ---- -------- .-. -------- --- ---- -------- --- -------- ---

1 0.00 0 60. m o 10 0.00 0 60.00 0

v(l.H OATA

VCUJlt N- N@ N07 tKE N@l VCL. AREA
(FT3) (FT21---- ---- --- --- --- ---

Ibooll
250000
360000
*70000
580000
690000
720000
830000

----------
1.000s+03
2. 00=+02
2. OOOEW2
i?. OOE+O1
2.00C6+OI
i?.000E+ol
2.0002+01
i?. 000s+01

----------
I .moEw32
4 .000E*OO
* .000s+00
+ .000E+OO
9 .00E*OO
9.0002.00
4 .000s+00
h .000s+00

9LCblER FUNCTltM OATA

C= NO.
COEFFICIENTS

sEG~T Lffl 2UlMJ(fLW) RIONl 2DuN)IFLW) A B--------- ------- ---------------- ----------------- ----------- -----------
1
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1
2
3
4

5
2

1
2
3
k
5

3
1
2
3
Q
5.

-1.000E+02 o. 2.3750E+02
o. 8.000E+02 1.5200E+OLt
S.000E+02 1.000E+03 2.6000E+03
1.000E+03 1.300E+03 1.6000E+03

1.300E+03 1.*OOE+03 1.%OOOE+03

-2.000E+02 o. 5.0000E+02
o. 7.000E+02 7.0000E+03
7.000E+02 1.000E+03 2.0500E+03
1.000E+03 1.900E+03 1.93332+03
1.900E+03 1.600E+03 1.6000E+03

-1.000E+02 o. 2.2657E+02
o. 7.700E+02 1.2320E+04
7.700E+02 9.900E+02 2.09502+03
9.QOOE+02 1.1OOE+O3 1.3560E+03
1. IOOE+03 1.200E+03 1.2000E+03

-1.2500E+02
-8.0000E+03
-1.0000E+03
-3.7500E+02

-1.2500E+02

-5.0000E+02
-7.0000E+03
-1.5000E+03
-1.3333E+03
-5.0000E+02

-1.9~6E+02
-7.7000E+03
-8.5000E+02
-3.2000E+02
-1.2500E+02

FILT~ FUNCT104 DATA

NO. LAtlINAJ?CCEF. TURBULENTCIXF.
--- ------------- ---------------

1 6.56WE+E 0.
2 0. 0.

TABLE V

SWtlARY OF N- TYFE, INITIAL PRESSUREAND BRANCHcCWECTIONS

NCEENCllE(-,F(X? BOUNDARY
NO. TVFE[+,VCLUK NO+1OOO) PRESSURE

(IN. U.G.)
--- ----- --------

1 -1 0.
2 1007 -5.0000E-01
3 1000 1.1OOOE+OO
* 100I 1.0000E+OO
5 1002 9.0000E-01
6 1003 8.0000E-01
7 100+ -2.00002-01
a 1005 -3.00002-01
9 1006 4.000E-01

10 -1 0.

ASS021ATE0 BRANCHX

12
23
39
95
56
67
70
89



TABLEVI

RESISTANCE cCEFF ICIENTS AND CRITICU I!ACH N~RS

( INIUT RESISTMCES sWJULO INCLU&I ENTRANCEANO/CX?EXIT LOSSES.IF NOT
OctAE,TK FRICTICNFACTCRSSCCt2iENEGATIVECURINGTW SCWTIONANORES
ULT IN NLKRICU INSTABILITIES. VERY LARGE FR1CTIC?4FACTCRS HILL NOT
CAIJ= NIHRICM PRC9LENS. 6uT SKULOW EXAMI= FCS uMWASCN~ENESS. 1

6RANCH NO. UP. ?Klif OtA. N= F$IO RF REV RF FblD llACH REV MACH AFKA[M21 ● INF%IT ERRCR??O
---------- -------- -------- ------ ------ -------- -------- -----.-- - — ----------

2 1.??5.997 125.997
; :

.07363 .07412 .31161
9 25.199 25.199

FRICTION TOO HIGH?lAfifA TCCILARGE?
.15976

w * 5
.15712 .37161 FRICTILW TCII HIGH?/AREA T12+2LARGE?

a- 199 25.199 .15712
5

15976 .37161
5

FRICT ICN TOO HIGH?/AJ?EA TC13LARGE?
6 25.199 25.199 .15712

7
: 15712

7 e 25.199 25.199
.37161 FRICT [W TCU HIGNTIAREA TOO LARGE?

.15712
9

15712
9

.37161 FRICTICN TW HIGHT/AREAT(kJLARGE?
10 100.797 100.797 .06262 :06223 .37161 FRICTIW TOI H10N7/AREA TOO L=?

TARE V I I

FILTER 2RANCH DATA

WMNCHFILTER LAt4INAR Tl!fWLENT
NO. No. CIIF . cCEF .

------ ------ ---------- _---------

6 1 6 .5&+= +06 0.

TA61.E V 1I I

BLGI$3? 6RANCH DATA

8RMW+ NO. 6t0KR FUNCT10N NO.

---------- ------------------.
2 1
8 2
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ENTRY TO SYSTEM SOLVER

o

0
10 0.

0

0
10 6.000E*OI

o

0

0

0

TABLE IX

SuMMARy OF SCLUTION PARAMETERS

EXP1-oSloN IN LARGE ROOM, NCflE 4

RUN TYPE = ST

CCWERGENCE CRITERION = 1.0000E-04

RELAXATION PARAMETER = 1.00

CALCULATION TIME STEP = 5.0000E-0% (S)

TOTAL PROBLEM RUN TIME = 1.00000 (s)

TOTAL ITERATIONS FOR PRCEILEM . 9930

ACTUAL sGLUTION TIME = 15.99 (s)

TA6LE X

ARCHlv4.LIST W PRESSURES.TEHFCRATLHKS
Vmu~ FLOI.IS.ANDMASSFLWS

TIME - 0. [s1

1 2

0. -1.816E-02

I 2

6.000E+OI 6.000E+OI

I 2

9.99=+02 1.000E+03

1 2

1.i?73E+oo 1.273E+O0

NmAL PRESSURZS (PSIG)

3 4 5 6 7

3.957S-02 3.598E-O? 3.22SE-02 2.873E-02 -7.265E-03

NmAL TEMPERATURES [F)

3 9 5 6 7

6.000E+OI 6.000E+O1 6.000E+OI 6.000E+OI 6.000E+OI

BRANCH VC1-UKFLoUS ICFtIl

3 4 5 6 7

9.96=+02 9.967S+0? 9.969E+02 9.97=+02 9.997S+02

BRANCH MASSFLOUS (LB/S)

3 * 5 6 7

1.273S+00 1.273E+O0 1.2732+00 1.273S+00 1.273E+O0

e

-1.087E-02

a

6.000E+OI

8

1.000E+03

e

1.273E+O0

9

1.44CE-02

9

6.000E+O1

9

9.98ZE+02

9

1.273E+o0

58



T~E Xl

ARCNIVALLIST W PRKSUFKDIFFIRENTIALS ANDVL1.UMEFLOW

BRANCH

z

BRWCH

2

BRANCH

6

BRANCU

6

BRmCH

I

BRWCH

I

BRANCH

b

BRwCH

4

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0. P.

5.773 IE- 0?

FLOU

I OO04E.03

o. P.

3. 599CK - 0?

rLOU

9.9721 f.. 0?

D. P.

I e 157E-02

f LOU

9 .99?1 E.●O?

o. P.

3. 699LK -03

FLW

9.9670[.02

BRANCH

8

BRANCH

El

13RANCH

BRANCH

6i?M4CH

3

mM4CH

3

mwCH

5

BRANCH

5

TItvl = o. (s1

PRESSURE DIFFERENTIAL IN BLOWERS[P51)

D. P. BRANCH o. P.

2.526%-0?

FLOU TW?OUGHBLDIKRS ICFti)

FLDU B!7M4CH FLOU

9.9995E+02

PRE5SW ORW IN FILTERS {PSI)

o. P. BRANCH o. P.

FLOU I+fWuGH FILTERS (CFtll

fLOU BRANCH FLOU

PRCsSURC DRCP IN DAIIPCRS ips!l

D. P. BRM4CH D. P.

3.5915E-03 7 3.6036E-03

FLDU Tif?CXIOHDAMPERS ICFH]

FLW BRANCH FLGU

9.9646E+O? 7 9.996BE*02

PRES5URC ORCP IN ouCTS [%1]

o. P. BRANCH D. P.

3.5586E-03

FLCJUTIWKJGH wCTS (CFf’11

FLOU BRANCH FLOU

9.9694E*02

flRmCH

L7RANCH

BRANCH

BRwCH

BRANcH

9

BRANCH

9

mANcH

BRANCH

o. P.

FLOU

o. P.

FLOU

D. P.

1.+397s-02

FLOH

9.9B26E+02

D. P.

FLOU

TABL[ xII

SUIWARY W EXTREttE vALUES AT TIME = O. (s)

. . . . . . . . . . .
HIGKST PRCSSUR1 OF .0% tPSIG) OCCURS AT NCXJC 3
LOuEST PRESSURC OF -.o2 (PsIGI CCCURS AT NIXK 2
HIGKST 1lMPZFIATURC OF 60.00 (F) oCCURS Al NCCK 10
LOUEST TEMPERATUREOF 60.00 IF) OCCURS AT N- 6
HIGFES1 VCUJ14CFLOU w 1.000wE*03 ICFM) OCCURS IN BRANcH ?
LOUEST VCI-UME FLOU or 9.96k6C+02 (CFtil ocCuRs IN BRANCH 3
HIGKST MASS rLOU OF 1.273)E.00 [LB/S1 OCCURS IN SRANCH g
LDWST MASS FLOU OF 1.2729E~O0 ILBIS! OcCURS IN BRANCH 5
LARGEST PWSSURE DIFFERENTIAL OF 5.7731E-02 (PSII ccCURS IN uOUCR BRANCH 2
LARCIST wXU?4E FLOU OF 1.0004E.03 ICFHI oCCW5 IN 8LOUCR BRANCH 2
LARGEST PRESSURE OlrFERENTIAL OF 3.5990E-D2 [PSI) OCCURS IN flLTCR BRANCH 6
L~GEST VCl_UflE FLOMOF 9.972!1+02 (CFfiI oCCURS IN FILTER BRANCH 6
LARGEST PRESSURE OIFFCRENIIAL Or 1.B157E-02 IPSII fxCURS IN DAt4FfR BRANCH I
LARGEST v&Ut4E FLOU or 9.99681.02 (Cfui KCURS IN DAUPCR BRM4CH 7
LARGEST PRESSURE OlrFERENT IAL OF 3.699K-03 IPSIJ OCCURS IN DuCT BRANCH I!
LARGEST VCLUt4CFLOU OF 9.9694[.0? ICFfi) oCCURS IN OUCT BRANCH 5
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TAB-C X

ARCHIVAL L I ST W PRFSSL!WS. TEMPERATURES
VCIUF$ rLOUS . ANO MASS FLOUS

TlflL = 2.5000E-01 (S)

o I 2 3

0 0. 1.9H*OI 2.1389E*OI
10 0,

0 1 2 3

0 6. OOOC+OI 1.6m E*03 1.690E*03
10 6.ocof.01

o

0 1 ? 3

-4.026E*O* -3.106E*Oq -2.870E.0%

o

0

I 2 3

-2.936E*01 -2.8ZSE+OI -2.750c*oI

NmAL PRESSURES IPSIG1

v 5 6 7 8

3.121E+oI 3.llqE*Ol 3.008E*oI 2,W3E+OI 2.503E+oI

NcOAL TEUFCRATURES IF)

4 5 6 7 e

1.695E+03 1.219C+03 7.4WC.02 6.9E6E+O? 6.\oIE+ot?

BRANCH VIIUHEFLOUS ICFH)

4 5 6 1 8

1.51?E+oq 2.172E.011 2.550E+04 .?.680E+OW 2.93?E+oq

ERANCHtlASSFLWiS (LB/Sl

q 5 6 1 B

1.~51E+oi ?.671E+oI 1+.272E.01 q.\9hE+Ol 9.769E+OI

9

?.303E+OI

9

5.659E+02

9

3. II IE.OLI

9

5.15%+01



Iac xl

ARCHI V& L [S1 W PRCSSUfW OIrFCRiNl IALS &NO vaUt4( FLOUS

fpAw:”

?

BRANCU

2

BRANCH

6

BRANCH

6

BRANCH

1

1

WAN(U

4

4

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0. P.

9 .C36X.00

FLCW

-3.106 Ic. 04

0. P.

1. 6479f.00

TLCA4

z 550![.04

D. P.

I 965 CC.01

FLCkA

-4. Cl&5X .04

D. P.

6, ?03EE-w

FLCkd

I .5123E. OV

BRANCH

8

BRANCH

El

BRANCH

BRANCH

BRANCH

3

3

mANcH

5

T IM[ = .?. Soooc-ol ( s 1

PRESSURE olrrERENT IAL I N BLOUCRS (P5 I 1

D. P. BRAt4CH o. P.

2. 0006[ .00

FLOU TWCllGH BLOWERSICrfi 1

FLOU BRANCH FL(XA

2.931 SC* 04

PRESS(JRCDRW IN FILTERS (PSI)

D. P. tlRAWH D. P.

FLCU Tl+?CuGHFILTERS (CFtl)

fLC%l BRANCH FLOU

PRESSW ORW IN OAWERS (PSI 1

D. P. BRANCH o. P.

.?. 3.?2BE.00 7 3. 4056s.00

FL(U Tl+?CUGHOAt4PERS (CFH)

rLCX4 BRANcH FLOU

-z 8702E* 09 7 .?.6796f•04

FRESSURf W?(P IN wCTS [PSI)

D. P. 6f?ANcH G. P.

I .06031 .00

fLCXi T14?CwW DuCTS (CFMJ

FL(U BRANCH FLOU

5 ? I 720E .04

TA81_f Xl 1

BRANCH

BRWCH

BRANCH

61?ANCH

BRANCH

9

BRA)4CH

9

&?ANCH

BRANCH

sUMMARYOF CXTRCMEVALUCSAT TIME = ?.5000E-01 Is!

o. P

FLOU

o. P

FLOU

o. P.

.?. 30.?7E+OI

FLGU

3. I I I.?E● O*

0. P.

FLOU

. . . . . . . . . .
HIGWST PRESSURE Of 31.2! (I%IGI OCCURSAT NOCE q
LOI.KST PRESSURE OF 0.00 tpSIGj OCCURSAT NCZIE 10
HIGKST ICtlPZRATUIK OF 1695.10 IF) OCCUR5AT NC12E h
LOUEST TUIFf RATURE OF 60.00 IF) OCCURS AT N~ 10
HIGKST vCtUtlZFLOU W 4.0?57E+04 ICFMI OCCW7S IN BRANCH I
LOUEST vaU1’lE FLOU OF 1.51?3E+04 (CFM] OCCURS IN BRANCH 4
HIGKST tiASSFLOU OF 5.154W+OI (LB/Sl oCCURS IN BRANCH 9
LGuEST tIASSFLOUOF 1.45G6C+OI (LB/Sl KCURS IN BRANCH q
LARGEST PRISSLRt OIFFCRCNTIAL w 9.0365E+O0 [%!! OCCURS IN mOUCR BRANCH 2
LARGEST VQUK FLOU OF -3.106IE.O4 (CFtiI OCCURS IN EILCWR BRANCH 2
LARGCST PRESSLA7EDIFFERENTIAL OF 1.6*7gE,00 1~11 oCCL.H?SIN FILTfR BRANCH 6
LARCKST vCIUME FLW OF 2.550!1.04 (CFf’11 OCCURS IN FILTER BRANCH 6
LARGEST PRESSURE DIFFERLNTIAl OF .?.3027E+01 (PSI) OCCURS IN OAFOZR BRANCH g
LARGEST v~UtlE FLOU OF -4.0257E+Ok [CFM) oCCURS IN OAMFCRBRANCH I
LARGEST PWSSURI OIrFERINTIAL OF 1.0603E.00 [PSI) OCCURS IN OUCT BRANCH 5
LARGEST vCl_UMEFLCU OF 2.17,?OE.09 [CFM) oCCURS IN OUCT BRANCH 5



o
10 0,

0

0

0

TAKE X

ARCHIVAL LIST W PRESSJfKS. TCf’lFERATUK5
vmUtK FLOUS. ANO UASS i_LOUS

Tltt = 5.0000E-01 (S I

NOJAL PRESSURES (PSIGI

I 2 3 * 5 6 7. 8 9

I.F!?+E+OI ?.05~+01 ?.2i?3E+Ol 2..?OOE+OI 2. I16E+OI I .9149E+oI 1 .68=.01 1.474E*OI

NC13ALTEMPCRATUKS (F]

1 .? 3 4 5 6 7 8 9

0 6.000E*OI 1.56=+03 1.565C+03 1.56=-03 1.191E*03 7.s27E+o? 7.607E*02 7.I+ffiE*O? 7.202E*O?
10 6.000C.01

BRANCH VmUf’lE FLOW (CFMI

o I ? 3 * 5 6 7 B 9

0 -3.796E+04 -.?.81+8E+09 -Z.656E+OIi 1.013E+04 1.756E+O* 2.5QE*Oh 2.733E+o14 3.0wIE+o14 3.337E.0~

BRANcHHASs FLoUs [LB/Sl

o I 2 3 4 5 6 7 B 9

-.2.?77E+oI -2.23.?E+oI -2.179E+OI B.3??E+O0 1.770E+OI 3..?9Z*OI 3.449E*oI 3.59X*OI 3.751E.01o



TASLE Xl

ARCHIVAL LIST OF PRCSSURE OiFrfRENT IALS AND VIZUHE FLOWS

BRANCH

2

8RANCH

?

BRANCH

6

BRANCH

6

BRANCH

I

BRANCH

1

BRANCH

4

BRAHCH

4

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0. P.

e .29 I5E+O0

FLOU

-2. EII+80E+04

o. P.

1.66991+00

FLOU

2.53??l*04

O.P.

1.223BE+oI

FLOM

-3.-F959E.ON

D. P.

2.3235E-01

FLOU

1.0133E+ow

BRANCH

B

BRANCH

s

BRANCH

BRANcH

BRANcH

3

BRANcH

3

ERANCH

5

BRANCH

5

TIME = 5.0000E-01 (S1

PRESSWE OIFFERENTIAL IN 9LWERS (PSll

o. P. BRANCH 0. P.

2.0794E+o0

FLOU TI-IWJGH ELOUERS ICFMI

FL’J.A BRANCH FLOU

3.01+07E+OV

PRESSURE oRC? IN FILTERS (PSI)

D. P. BRANCH o. P.

FLOU TtWWGH rILTERS (CFtII

FLOU BRANCH FLOU

PRESSLX3EORCP IN OAt4~RS IPSI1

0. P. BRANcH o. P.

1.7015E+o0 -F 2.6671E+O0

FLEW TW?WGH OAMPERS ICFFII

FLOU BRANCH FLOU

-.2.65571+011 7 2.733ZE+O%

PRESsu~ ORW IN OUCTS IPsll

o. P. BRANCH o. P.

8.3705E-01

FLOU TIiWJGH OUCTS ICFfil

FLCAi 8RANCH

1.7564E*04

FLCU

BRANCH o. P.

BRANCH FLOU

BRANCH o. P.

tlRANcH FLOU

BRANCH o. P.

9 1.~7%5E+o[

BRANCH FLOH

9 3.3371E+04

BRANCH o. P.

BRANCH FLOU

1A8LEX11

SUlltlARY W EXTREME VALUES AT TIME = 5.OoOOE-01 [s1

. . . . . . . . . . .
HIGKST PRESSURE OF 22.23 (PSIGI OCCURS AT NW 4
LC+lEST PRESSURE OF 0.00 IP51G1 OCCLRS AT N~E 10
tilGKsT TEMPERATUREOF 1565.22 (FI OCCURS AT NCW 4
LCWEST TCttFfRATURE OF 60.00 (F) OCCURS AT NmE IO
HIGKST vmUtK FLLW OF 3.7959E.04 (CFMI OCCURS IN BRANCH I
LOUEST VIJ-UMEFLOU W 1.0133E.01+ (CFIII I)CCURS IN BRANCH q
HIGKs1 t’lASSFLOUOF 3.75013E+oI [LB/S1 oCCURS IN ERANCH 9
LOUEST t4ASS FLOU W B.3ZIE+O0 (LB/Sl oCCURS IN BRANCH q
LARGEST PRESSUfK OIFFERCNTIAL IX 8.2915E+O0 (PSI] OCCURS IN BLCA4ERBRANCH 2
LARGEST vO-UMCFLOU OF 3.0407E*04 ICFti) OCCURS IN BLOUCR BRANCH E
LARGfST PRESSUIK OITFERENT iAL OF 1.6699C+O0 (%11 OCdJ?S IN FILTER BRANCH 6
LARGEST vtl_UK FLOLAOF .?.53?3E*oq [CFti) OCCURS [N FILTER BRANCH 6
LARGEST PRESSURE DIFFERENTIAL OF 1.47w5E+oI [pSll OCCURS IN OAWER BRANCH 9
LARGEST vmUflE fLOU W -3.7959E*04 (CFti] OCCURS IN OA14~R BRANCH I
LARGEST PRCSSURE OIFFERENI IAL of 8.3705E-01 {%11 OCCURS INOUCT BRANCH 5
LARGEST vmUME FLOH OF 1.7561+E+04 (CFM) OCCURS IN OUCT BRANCH 5
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o
!0 o.

TABLE X

ARCHIVAL LIST OF PRCSSLJ?ES. TEfiFfRATURES
vQuK FLOUS. ANO MASS fLOUS

TIHL = 7.5000E-01 (S1

NU)AL PRESSURES (Ps IGl

o I F! 3 4 5 6 7 B 9

0. 7.* S7E+O0 1.4~2f*ol I .54-K*OI 1.527E*OI 1.Q65E+oI 1.30SE+OI 1.126E.01 9.37.?E.00

o

NOJAL TCHPERAT~ES (FI

o 1 ? 3 4 5 6 7 8 9

0 6.000E.01 1.45ZI*03 1.*5=.03 !.4=+03 1.147f.03 8.143E+O? 7.950E*02 7.783s+02 7.6Z6E.O?
10 6.000E.01

BRANCH VCLUHC FLOW ICFfI)

o I 2 3 4 5 6 -1 e 9

0 -3.1811.04 -2.3713E+OY -?.?’+OE+O~ 1.01*E+04 1.669L+04 2.3~iE+O~ 2.539E+W 2.776C+O% 3.05W*O*

BRANCHMASS FLE14S ILB/Sl

o I .? 3 4 5 6 7 8 9

-1.66Z+OI -1.63?E+OI -1.591E+OI 7..?OL7E+OO 1.I+02C+OI 2.4~E+Ol 2.531E.01 ?.6??E+OI .?.709E+OI



BPANCH

.?

EIRANCH

.?

f3RAMCH

6

BRANCH

6

BRANCH

1

BRANCH

I

BRANCH

*

BRANCH

4

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0. P.

6. 935 JK.00

FLOU

- ?. 378X.04

o. P.

1.569 IE* 00

fLou

2. m 09C+04

o. P.

-1.*8-M•00

FLC%I

-3. IB07E ●O4

D. P.

I . 9*-o I

8

BRANCH

8

BRANCH

eRANCH

9RANCH

3

BRANCH

3

BRANCH

5

BRANCH

TIW s 7.5000E-01 1s1

PRE5SURE Dl~~CRCNTIAL IN BLOMIRS (PSI]

D. P. ORANCH o. P.

I .AT8BkC.00

fLOu THWJGH BLOUIRS ICFHI

FLOU BRANCH FLDu

2.7760E+oLI

PRESSURE DRCP IN FILTERS [PSI)

D. P. L3RANCH D. P.

FLOU TWCUGH FILTERS ICFflI

FLOU 8RANCH FLOU

PKSSUFZ oRCe IN OAtlPERS {PSll

0. P. BRANCH 0. P.

I.0*-E’E.00 7 1.8176E+O0

FLWI TIWAJGH OAMFfRS ICFH)

FLW BRANCH FLW

-z’.?396E.o* 7 E’.5=7E*O%

FWSSLA?EDRCP IN EIJCTS (PSI)

D. P. BRANcH o. P.

6.23?9Z-01

FL(MATWWGH DuCTS (Crf41

FLOU BRANCH rL&l

5 1.669,?E+oLI

TA.ELEXII

ORANcH

E3RANcH

BRANCH

BRANCH

SRANCH

9

BI?ANCH

9

BRANCH

BRANCH

S~ARy LX EXTREME VAIUES Al TIME = 7.5000E-01 ,s1

o. P.

rLOU

o. P.

FLOU

o. P.

9.3717E+o0

fLOU

3.054z+o~

o. P.

FLOU

. . . . . . . . . . .
HIGFCST PRESSURE OF 15.1+7 (PSIGI OCCURS Al N02f 9
LOUEST PRESSURf OF 0.00 IPsIG) OCCWS Al NCCK 10
HIGKST IEMFERAIURC OF 145?,&li (F) OCCURS Al N~ 2
LOUEST TEMPERATUREOF 60.00 IFI OCCURS Al NCIJE )0
HIGFEST vCLUHE FLOH OF 3.1807E+04 ICFt41 OCCURS IN 8RANCH 1
LOUEST vLIUME FLOUOF l.o!q~+o+ (CFM1 OCCURS IN BRANCH v
HIGKST MASS FLOU OF ?.7091E.01 (LB/Sl OCCURS IN BRANCH 9
LOMEST IIASS FLOU OF 7.208=+00 (LB/SJ OCWRS IN BRANCH ~
LARGEST PRESSUFK OlfFERENTIAL OF 6.935*C+00 (-l) CXCURS IN BLOUER BRANCI+ 2
LARGEST vC4-Ut4ErLW OF ?,7760L*o% [CFM) oCCURS IN13LDuER BRANCH B
LARGEST PRESSURE DIFFERENTIAL OF 1.5691E+O0 (PSI! OCCURS IN flLTE7 BRANCH 6
LAROEST vCIUME FLOL.JOF &’,3409E.01+ (CFfl) OCCURS IN ;ILTER BRANCH 6
LARGEST PREsSWE DIFFERENTIAL OF 9.3717E+o0 lfil~ OCCURS IN OAHFER BRANCH 9
LARGEST VCI-UUC FL(X.I OF -3.1807E*04 ICFMI OCCURS IN OAUKR BRANCH I
LARGEST PRESSURE DIFFERENTIAL c+_ 6.&’3?gE-01 (PSll OCCURS IN GUCT BRANCH 5
LARGEST vmUME FLOU W 1.669~+0~ (fft4) OCCURS IN CUCT 8RANcH 5
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TABL[ X

ARCHlvW LIST Of PRE5SLKS. TEWERATURES
vCILNIE FLOW. ANO MASS FLOW

Titt = I.0000C.00 (S)

o I .? 3

0 0. 4. WQE*OO 9.995E*o0
10 0.

0 I .? 3

0 6.000E+oI 1.361E+03 1.359E+03
10 6.000E*O1

o

0 I 2 3

-2.5~+09 -1.93=+04 -1.s37E+oII

o

0

I 2 3

-1.20Ff*Ol -1. lEl~+Ol -1.151E+oI

NCI)AL PRESSURES (PSIGI

* 5 6

I .06Zf+01 1.047E+OI 1.004E-01

N~AL TEMFCRATURES (F1

v 5 6

1.35SE.03 1. I15E+03 t3.3*5E+0,?

BRANCH VCLUHEfLOUS (CFflI

b 5 6

9.405E+03 1.49L7E+04 2.061E+04

ERANCH!IASS FLOi4S {LB/S1

4 5 6

5.1398E+o0 1.07SE+OI 1.77%C.01

7

8,6k5E+O0

7

8.176E+o?

7

2..?38C+O4

7

I.w+zf+ol

8

7.b79E*o0

8
8.0?9E.o?

a

.?.404E+04

e

I .903E+OI

9

5.E59E-00

9

7.891+E+oz

9

I .958E.01



TABLE Xl

ARCHIVAL L 1S1 OF PRESSUK DIFFERENTIALS ANO VCLUF4CFLAK

BRANCH

2

BRANCH

?

BRANCH

6

BRANCH

6

BRANCH

I

BRANCH

I

BRANCH

4

BRANCH

4

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

D. P.

5.65 10E. 00

FLOU

- I 9335E.04

o. P.

I .395 IE* 00

FLOU

.?.0606E+O~

D. P.

4.34%?E+O0

FLW

.?.55?OE+O*

D. P.

1.5007E-01

FLOU

9.4054E*03

BRANCH

B

B?ANCH

El

BRANCH

BRANCH

BRANCH

3

BRANCH

3

ERANCH

5

BRANCH

5

TIME . I .Ooooc+oo (s1

PRESSURE DIFFERENTIAL IN BLOUERS (PSI]

o. P. BRANCH D. P. BRANCH

1.6202E.00

FLOU THW3UGHBLOUIRS ICFt.11

FLOU BRANCH rLOU

?.404W*04

pRESsW DRW IN flLTER5 {PSII

D. P. BRANCH o. P.

FLW TlfWUGH FILTERS (CFtlI

FLOU BRANcH FLOU

PRESS(JIW ORCP IN OAMPERS IPSll

o. P. BRANCH o. P.

6.2127C-01 7 1.1659C+O0

FLOU TWWJGH OAWZRS ICFflI

FLOU BRANCH FLOU

-1.B367E+OII 7 ?.2380C*O*

PRESSURf ORCP IN OUCTS (PSI]

o. P. 9RANCH o. P.

LI.36?5E-01

rLOU Tlf?WGH OUCTS ICFt!I

FLOU BRANCH FLOU

1.It976E+OII

BRANCH

13RANCH

BRANCH

BRANCH

BRANCH

0. 1=’.

t_LObl

o. P.

FLOU

BRANCH o. P.

9 5.E590E+O0

BRANCH FLOU

9 2.6916E*Oq

o. P.

FLOU

TAEL[ XII

SUMtiARY OF EXTREME vALUES AT TIME = I.0000E+OO (s1

. . . . . . . . . . .
HIGKST PRESS(JRSOF 10.62 (PStGl OCCURS AT N03E
LOWEST PRESSURE OF 0.00 (PS161 OCCURS AT NCCIC ];
HIGtZST TCMFZRATUREOF 1360.95 (F) oCCURS AT N03E i?
LOUEST TEMPERATUREOF 60.00 IFI OCCURS AT NCOE IO
HIGFEST vCIUflE FLOU OF 2.6416E+W ICFt41 cCCURS IN BRANCH 9
LOUEST vCI-UMEFLOU OF 9.h05qE+03 (CFtI) OCCURS IN BRANCH q
HIGKST MASS FLOU Or 1.95B?X-01 ILB/Sl OCCURS IN BRANCH 9
LOUEST t’lASSrLOU OF 5.B9B5[.00 ILB/Sl OCCURS IN BRANCH 4
LARGCST PRESS(JIW olrFERENTIAl_ oF 5.6510E&00 IpS!l OCCUR5 IN BLOUER BRANCH z
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PW Range
NTIS

Pricecode

001.025
026.050
05 I .075
076.100
101 I 2s
126.150

A02
A03
A04
A05
A06
A07

“Contact NTIS for a price quote.

Printed in the United States of America

Available from
National Technical Information Scrvicc

US Department of Commcrcc
S285 Port Royal Rosd
Springfield, VA 22I6l

Microfiche (AOI)

Pnge Range

151.175
176.200
201 .22s
226.2sO
2S1-275
276.3oo

NTIS
Price code

A08
A09
A lO
All
A12
A13

Page Range
NTIS

PliCecode
NTIS

Page Range Price Code

301-325
326-350
351-375
376.41M
401.425
426-450

A14
A IS
A16
A17
AILI
A19

45147s A20
476.S00 A21
SOI-52S A22
S26.550 Au
551.575 A24
576.600 A25
601.uP” A99


