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METHODOLOGY TQ DETERMINE THE NET VOLUME OF AN ENCLOSURE

By L.S.Myint, R.Lecnard, and R.A. Whiteley,
Total Technology Department, UMIST, and Wormald/Ansul UK.

sSummary

The emissions of Halon 1301 and 1211, i.e. halcgenated bromides and chlorides,
mainly used for fire protection, into the atmosphere can be markedly reduced
by employing an Enclosure Integrity Testing Procedure to aveid discharge
testing{l]. Halon concentrations to actually combat fires are based on an
enclosures total volume yet if Halon usage is tc be minimised the correct
concentration sheuld be based upon the enclosures tctal velume minus any
equipment volume. The correct enclosure net veolume not only rec.ces the Ealon
required, but alsoc gives significant cash saving on fire agents, especially
the new substitutes which cost from three to five times the price of existing
Balons.

Due to the size and the shape of possible equipment, determining the net
volume of any enclosure can be a formidahle task, but a methodology has now
been developed by the authors, using a variation on the fan pressurisation
method, to determine the net volume of any enclesure. Here the relationship
r=tween the enclcsures pressure build-up rate and the net volume are estab-
l_shed using ideal gas equations. From the experiments carried out to validate
the theoretical medel, actual net volumes have been compared with predicted
volumes, and the dewviaticns indicate the accuracy needed from the pressure
readings. In particular, house pressure build-up can typically effect the net
volume prediction by between £.0 and 15.0 cu.meters per pascal difference.

Intreoduction

Emissions of Halon gases int: 1e atmosphere have been greatly increased by
past discharge tests carried T to validate the Halen systems installed [1].
The initial Ealon discharge cconcentration for an enclosure is generally based
upon a percentage of the total enclosure wvolume, yet the correct Halcon concen-
tration should be based upon the space coccupied by air, which is the total
volume minus any equipment volume. It is an enormous task to determine the
total equipment volume of a complex enclosure since the equipment involved can
differ from a multi-storey marine diesel engine, to complex control rooms for
nuclear plant. The authors have now shown however that the net volume of an
enclosure can be determined by using a variation on the existing fan pressuri-
sation method, used in energy conservation programmes{2] and subsequently for
enclosure integrity test procedures[3]. The mathematical model developed is
based con classical mechanics and takes account of the macroscopic properties
of ideal gases.

=

12 Ideal Gas La

The ideal gas model(4] assumes that molecules are point particles that never
collide or intesract with each other, and each molecule travels in a straight
line until it reccils from a container’'s walls. Within these assumptions, and



Newton“s laws of motion, it can be predicted how the pressure P, volume Vv, and
temperature T of such molecules are related. rFrem zxparcimsnt, the relationship
between these properties can be written as

PV = NAT sessssssnssssssnsnnsnnnnns (1Y

This is the ideal gas equation, where n is the amecunt Of the gas present in
moles and R is the ,universal gas constant’, equal to 8.314 Joules/msle &, and
T is degrees absolute.

A mole, or a gram-mole, of a gas is an amount whose mass In grams is numerical-
ly equal to the molecular mass in atomic mass units. For example, 1 mole of co,
has a mass of 44.009 g, and 20.16 g of 4, is 10 moles. The numbers of mole-
cules in 1 mole is called Avogadro’s number, and ', is the same for all gases,
where

3

N, = 6.02 X 102 meleculas/mole,

A

Although the ideal gas law holds true for real gases at low densities and
pressures, it also provides a good approximation to the behaviour of real
gases at moderate pressures and temperatures (4).

relationship between an enclosures pressure ocuild-uo and its
net volume at Constant temperature

If the volume V and temperature T are constant in equation (lI), then the pres-
sure p of a gas is a function of the number of moles, n.

r= M,
hence,
P = < (n)
where
C = 8" T/ V
4 = universal gas constant (8.311 J/male2s K)

Therefore differentiating the number of moles with respect to pressure gives
42 = C (dN)eerururnnnnnnnnrnnnns (2)

where 4r = differential pressure;
dn = differential number of moles.

The wolum= V, of a gas having the number of moles n, can be determined by:

Vo= n VO
where v, = the molar volume of the gas (litsrs/mole OF cu.m/kmols)
Therefore, dn = dV/ Vo rrremrrasasreaaaaen {3)
where dv - Zifferential volume.

The differential volume of an =nclesure is the difference per unit time between
the inceming velums and the out going velums IF leakage exists.
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But 4dY wmdy

where v ,
d‘vou
Buk dvin
and  dvg,
where Q; ,
et

t

t

in _dvout " EEEEEEEEEEEEN (4)

= differential volume (air in) cu.m;

differential volume (air out) cu.m;

= Ry dt

= Qqy¢ dt

air flow rate (in)cu.n/s=2<;
— air flow rate (out) =u.m/s2c;
= differential time (s=c);

then equation (4) becomes

dy/

Qin 0 - Quyy O cuveannaannns (3}

From equations {2y, (3) and (%)

4P = /vy (Rip Ot =@y 0Dl wuveunna(6)
But %.,. = Kk (d¢»)® { general flow equation }
where k = flow coefficient (cu.m/ssc pascal):
n = Flow exponent;
47 = pressure differential (pascal)

substituting into equation (5), this becomes

dp = C/v

dt Vol

o (21n ~ k(d®)™) dt

= (@747 k@)™ h i (D)

Integrating equation (7) and taking the limits that

when €t = 0, ? = Py

L

and t= t, P =79 giving

?=PE P=Pf

"o/c/dt s Qin/ /pf'i - K fdJ? y2=1

ve/e T =

i =Py

Qin/{Pg-Pi) 7 k(Pf-Pi)n-l cenenes (3)

substituting C = R T/V into equation (3}, giving the net volume Vv

VvV = [R T t/Vg][Qin/(Pf"?i} = k(Pf—?i)n-l] D
where V = enclosure nzt volums (cu.m);
T = enclosure temperacure (deg. x}:
R = universal gas constant (3.314X1000 J/kmole K):
v, = alr molar volume ( cu.mskmole);
p, = initial enclosure pressure (pascal);




Final enclosure pressure (pascal);
enclosure pressure build-up time (s=c);
flow coefficient (cu.m/s2<)!

flow exponent;

in * air flow rate (in) (cu.m/sa3),

£

i

?
t
k
n
o

Equation (9) determines an enclosure®s net volume for a constant temperature
process, where the initial enclosure temperature 7; zad final temperature T,
are assumed to be the same.

ror a variable temperature process where an enclosure®s initial temperature T;
and final temperature T, are taken into account, then equation (9) can be
written as :

= : - 5 - —a : o e - - - - PR
Vo= [RTeTy ¢ 10y - k(PP NP (TT e (o ) 0
Equation (10) is the general equation for calculating net volume, and it as-
sumes that such flow paramecers as k, n, and ¢;, have already been established

by the associated fan pressurisation technique.

In general an snclesurss tenperature does not change noticeably during the
short pressurisation period and so equation (9) can be used.

Net volume tssts using Fan Pressurisation Method

To validate sguations (9) and (10), the net volume of various enclosures were
tested using the fan pressurisation method. The equipment used in the tests
comprised a Minneapolis wlcwer fan, two airz Neotronics Digital Micromanome-
ters, a Rustrak Quartel = 4 channel Data Logger and Playback system, two
signal conditioners (0-2Volts DC) pobp 13/14 for pressure signals, two tpzrmo-
couples (Typer -250 to +137% deg C) rop-04/15 For two temperature signals,
and a PC Amstraa medzl-27< 512 with Pronto application software, as shown in
Figure (1). The flow characteristics of an enclosure were determined by
applying the fan prassurisation technique. Hence the flow coefficientk, the
flow exponent n, the equivalent leakage area ELA, and the flow rate (in) o,
were established by using #wormald/ansul’s Enclosure Integrity Test Procedure
software {3). Ths Rustrak Quartel 4 channz=l data logger was setup together
with the two signal conditioners and the two thermocouples. one signal condi-
tioner was connected to the dc output of the digital micromanometer, used to
record the enclosure pressure, and a similar setup was established for the fan
pressure. one thermocouple recorded the enclosure®s inside temperature and the
other noted the outside tzmperature, After iInitialising the input transducers
and the appropriate channels, the data logger recorded the enclosure®s pres-
sure build-up, fan pressure, and the znclesurs+s inside and outside tempera-
tures.

The recorded data, i.=. twe pressures and two temperatures, were transferred to
computer memory from the dazz= logger by using playback mode, on the Pronto
nroegram, at the end of the r=cording s=s:zien., The Pronto software converts the
raw 4zza into graphs, and plots and prints the graphs :froxn the data collected
ramotsly, See Figure (2).The aralysis functisp print out reports and listings
of the data goints for szcih graph, see Table (1).

The enclosure™s previcusly rzcordsd initial and Final pressures, build-up time,
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inside and outside temperatures, and flow characteristics, established from the
fan pressurisation method, were then fed into the st Volume Calculation pro-
gramme, based upon equations (9) and (lo), to determine the enclosure"s net
volume. A zomparisieon of results for five net volume tests are shown In Table
(2). The First column represents the test number, whilst the second, third, and
fourth represent the respective recorded build-up times, initial and final
house pressure differentials (r, = »;), and fan pressures. The last three
columns represent net volumes. Here the First two were calculated using equa-
tion (9), and the third column is the estimated net volume, which is the total
enclosure volume minus the estimated total equipment volume.

Two calculated net volumes are obtained by using two sets of input parameters.
The first is frcm using a pressure build-up time (column2), a recorded house
pressure (column 3), and a recorded fan pressure (column4), and gives the
calculated net volumes in column 6. The other set uses same the parameters
except that a fitted fan pressure is used (column 5) iInstead of a recorded fan
pressure (column 4), giving the calculated net volumes in column 7.

Discussion and snzlysis of the results

In Table 2, the calculated net volumes, under column 6, show significant devia-
tions when comparsd to the estimated net volumes under column 8. This is proba-
bly due to two reasons, firstly, errors in the recorded house or enclosure
pressure, and secondly, errors in the recorded fan pressure. The effects of
these pressure differentials on the calculated net volume are shown in Table

3. columns 2 and 3 show the estimated total and net volumes for particular
tests. Under ¢slumrs 4 and 5, the effect on the net volume <uw¢ to fan and
house pressures are listed in cu.m/pascal, These show that in test NET-05, for
every pascal difference error in reading the fan and house pressure, the
calculation of the net velum= changes by 2.84 and 5.966 <u.matsrs respective-
ly. Therefore, the sensitivity ratio for house pressure v: fan pressure iIs
3.126, and this means that the effects on the calculated net volume of an
error in reading the house pressure is more than 3 times that of a correspond-
ing fan pressure error. similarly, the ratios for test MT-06, wET-27, and
NET-08 are 4.956, 8.419 and 3.805, respectively.

To predict the accurate net volume of an enclosure, the following three steps
need to be taken. First, precise readings and recordings of fan and house
pressures are required, i.=. pressure errors need to be minimised. second, the
sample scan time: for pressure recording need to be more refined. The present
data logger is i:mited to 1 second per sample reading, and so a higher resolu-
tion data recorder is required that can read at least to a tenth of a second
per sample reading. Third, additional tests on various ~=sts enclosures are
required to generate a more significant relationship curve.

conclusions

Because of the damaging effect of Halon «rn the ozone layer, the usage of Ealon
to extinguish fires should be based cn "net volums zonsidsrations. The net
volume of an enclosure can now be determined by using a fan pressurisation
merhod together with a mathematical ned=L employing equations (9) and (19}, and
incorporating the three :t2v: stated previously. :»n alternative method, using a
depressurisation procedure isserperating high resolution data loggers, 1S now
being investigated. The new results will be published when available.
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FIGURE NQ. 1

EQUIPMENTS LAYOUTFORTHE NETVOILUME TEST

|

TEST ENCLOSURE

6

L
EQUIPMENT LIST
1 - BLOWER FAN UNIT
2 - DIGITAL MANOMETER FOR HOUSE PRESSURE
3 - DIGITAL MANOMETER FOR FAN PRESSURE
4 - THERMOCOUPLE FOR ENCLOSURE INSIDE TEMPERATURE
5 = THERMOCOULPE FOR ENCLOSURE OUTSIDE TEMPERATURE
6 - SIGNAL CONDITIONER {0 -2V DC)
7 - SIGNAL CONDITIONER (O -2V DC)
8 - DATA LOGGER (54CHANN L RECORDER 1}
g - PERSCNMNEL COMPUTER USING PRO TO SOFTWARE

10 -PRINTER

[




FIGURE NOC.2
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TABLE NO.1
NETB11
Sensor tvoe 13 (Valtagel.
NET VOLUPE CALCULATIONS FOR AMSUL TRAINING ROCM
GRAPH NO. NETB11 HOUSE PRESSURE BUNVLD-UP [PASCALY
CAaAPH NO. NET812 FAN PRESSURE PASCAL)
CRAPY NO. NETS13 ENCLOSURE TEMP. (INSIDE) DEZ. C
CRAPH NO. NETBt4 EMCLOSURE TEMP. (QUTSIBE! DEG. C
Calemaar value Average Max iy Events
7:12;52:25 0.0000 0.0000 0.0000 0.0000 o
7:12:52:26 0.0CC0o 0.0000 0.0000 0.3000 0
7:12:52:27 0.0000 0.0000 0.0000 0.0060 0
T:12:52:28 £.0000 Q.0060 0.3000 0.0000 0
T:12:52:29 0-000¢ 0.0000 0.0000 0.0000 0
TF:12:52:30C 0.0000 7.0CC0 0.0000 0.0000 0
7:12:52:31 0.0250 0.0103 0.0260 0.0000 0
T:12:52:32 (.Cus0 0.0396 0.0LSD 0.0260 0
7:12:52:33 0.0574 0.0563 C.0604 0.G430 0
7:12:52:34 0.0583 0.0579 0.0606 0.0574 (0]
T:12:52:25 0.0588 0.0586 0.0607 0.0576 g
7T:92:52:36 7.0591 :.0530 0.26G7 0.0577 c
T:12:582:37 0.0593 0.5592 0.0807 0.0577 Q
7:12:532:38 n.0%20 1.0334 3.0607 n AT 3
T:12:82:39 0.0%3s 0.0%2S T.0607 0.357: o
7:12:52:50 0.0536 1,0535 2.0607 Q.0577 o
7:12 32 0.0%598 2.0538 J.0627 0.ASTT Q
LR R M) J.0B00 A 1 0.0807 G.5877 [l
7112:52:43 £.,0583 0.3 Q.0B30 005820 o
7:12:82 64 0.05388 ~,.1588 C.0830 0.0%29 ol
F:12:52:43 0.0588 n.o%es 0. 0800 0.0%580 X
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; TABLE NO. 2

I NET VOLUMES COMPARISION USING RECORDED & FITTED FAN PR.

TEST NO "IME IREC HP REC F® FFT GNV 1 [CNV 2 E.N.V.
| 'sec}) | (pa} (pa) (pa) (cu.m) |(cu.m) (cu.m) |
INeT-05  6.00 | 23.00| 43.00 37.56 127.45] 38.46  33.00 |
iNET-05 7.00 | 36.60| 43.50 42.52  15.13{ 38.31  38.00 h

‘ | |

NET-06  2.00 | 49.20 152.00 185.30  90.88|155.71 157.00 |l

NET-08  3.00 : 51.30 145.00 135.50 =-82.211156.%2 157.00
iINET-08  4.30 ; $2.00 159.70 133.60 =-23.52{156.59 157.00 |
i 1 A
NET-07  2.00 | 35.8%0 167.00 i27.55 1522.731248.43 230.00 |
1NET—07 2.00 ; 25.9C 137,00 184.55 2137.911249.30 25¢.00C i
! ' ! i
InET-08  2.00 | 49.00 152.00 151.00 254.501162.06 162.00 |
iiNET-08  2.00 | 57.40 179.30 174.90 207.67{162.28 162.00 |
INET-OS  4.¢f | 58,20 174.00 173.80 164.48{162.02 162.00 |
INET-08 | 3 | 58.80 172.00 172.30 147.52{i61.28 162.00 |
i E.N.V. = FESTIMATED NET VOLUME i
i CN\V 1 = CALCULATED NET VOLUME USING REC EP & REC FP I
i cNv 2 = <ALCULATED NET VOLUME USING REC HP & FFT |
| REG ¥P - RECORRER HOUSE/ENCLQSURE PRESSURE I
I REC ¥ ID FAN PRESSURE |

=3

? = REGERD

i TTTED TAN FREISSURE TO ACHIEVE CNV 2. g
=

q
{
t

"

TABLE NO.3
[

|

| .

“TEST NO{E.T.V. |E.N.V.
t

|
(eu.m) |(cu.m) i{cu.m | (cu.m | - | (sq.m)
| | 7 pay | 7/ pa) | |
?NET—OS 39.00 ! 28.50 i 2.84 : 5966 ! 3.126 0.0120
INET-06 159.00 i157.c0 | 2.41 ! 11.944 | 4.956 0.0505 i
NET-07 2713.90 j2s0.c0 | 2%.23 1215.4350 | 8.419 0.2719% i
iNET-08 187.00 1162.C0 i 2.87 | 13.965 3.805 0.0826 il
E.T.V. - ESTIMATED TCTAL VOLUME i
E.N.V. - ESTIMATED NET VOLUME 1
. GV/EFP - DIFTERENTIAL NET VOLUME/DITFERENTIAL TAN PRESS. i
| CyyGup - DITFERENTIAL NET VOLUME/DIFTERENTIAL HOUSE qucs.ﬂ
i ¢HP/dFP - DIFFERENTIAL HCUZZ PRESS/DIFFERENTIAL FAN FRESS. |

]
——— — =






