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Module 7 — Enclosure Fires

In and out flow of gases from enclosure:
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Flow of gases in & out of an enclosure during fully developed stage
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Ho = Opening height.
Tg = temperature of gases.
pg = density of the hot gases.
g = mass flow rate of hot gases out of enclosure.
vg = velocity of hot gases flowing out of enclosure.
Hn = Neutral plane height, where Ap = 0.
Suffix a: Quantities related to air flowing into the enclosure.

In fully developed stage, hot gases rise up and smoke flows out from top portion of the compartment and the cold air
flow in through its lower part. Flow is triggered due to pressure differences (due to temperature differences) existing
across the opening. At some height above the floor, the pressure difference is zero - this height is the neutral plane
height denoted by Hn. Hot gases flow out above the neutral plane and air flows in below the neutral plane. To obtain
mass flow out of the compartment, consider three points above the neutral plane - point 1 inside the enclosure, point
2 outside the enclosure and point 3 at the exit plane of the enclosure. Applying Bernoulli equation across 1 and 2:

2 2

PgVg1 PaVa2
gzg +Zypgg = P2+ ="

p1+ + Zypag

Velocities at points 1 & 2 (well inside the enclosure and well outside it, respectively) will tend to zero. Using this, the
Bernoulli equation is written as:
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Py —p2 = Apy = Zyg(pa — pg)

This is the maximum pressure difference in upper part of the vent. Applying Bernoulli equation between points 1 &
3:

2 2

PgVg1 PgVg3
‘929 +Zypyg =ps + gzg

p1+ + Zypgg

Note that p is used at point 3, as gas goes out. Since vgs ~ 0:

PgVss 2(p; — p3) 2Zy9(pa = Pg)
pPr—P3= = Vg3 = =
2 Pg Pg

Here, p; — p3 = p1 — p2 = Apy and vg3 1s maximum velocity.

To obtain mass flow into the compartment, consider three points below the neutral plane - point 4 inside the enclosure,
point 6 outside the enclosure and point 5 at the exit plane of the enclosure. Applying Bernoulli equation across 6 and
4:

2 2

1% 1%
pa2a6 +Z,p,9 = py + P22

Pe + +Z1pg9

Velocities at points 4 & 6 tend to zero. Also, Zi is negative, with reference to neutral plane located at Hy. Using this,

Ps—Pe =Ap, =Z,9(pa — py)
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This is the maximum negative pressure difference in the lower part of the vent. Applying Bernoulli equation across
points 6 & 5:

2 2
PaVae PaVqas

> +Z1pag = ps + >

Pe + +Z1pa9

Note that p, is used at point 5, as air comes in. Since v = 0:

pavls 206 —ps)  |21Z.1g(pa — pg)
Pe — D5 = = Vgs = =
2 Pa Pa

Here, pg — ps = Pg — P4 = |Ap.| and vys is the maximum incoming velocity.

Velocities as a function of height (z) above and below the neutral plane can be written as,

2z9(pa — Pg)

- [

These can be integrated over the height to get net velocity in the upper & lower regions during a fully developed fire,
where the pressures have reached a steady state.
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Mass flow rate of outgoing gases:

Mass flow of gases out of the enclosure occurs above Hy.

Zy Zy
Moyt = Cdj pgVg(2)dA = Cdj pgvg(z2)Wdz
0 0

Here, W is the width of the opening and all properties in the enclosure are assumed as constant (well-mixed scenario).
Also, z is defined as zero at the neutral plane. Outflow occurs till z = Zy.

’2 fz
o = CaWp, f Zg(pa Pa) , _ _cw g(pa Pg) f oy
0

. 29(pa —pg) (2 2
= Moy = CaWpy % 3 [2] (4)
g

This is the steady mass flow rate of outflow for well-mixed case.
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Mass flow rate of incoming air:

Zy, Z],
Min = Cd.l- PaVa(z)dA = Cdf PaVa(z)Wdz
0 0

Mass flow rate of atmospheric air in to the enclosure below H,.

W is the width of the opening and z is defined as zero at the neutral plane. Inflow occurs till from z=0to z = Z..

Zy,
2 —
mn=amm¢fjlddf Pa) . _ ¢ /ﬂ%’pﬂfIMz
a
0

. 29(pa — pg) (2
= My, = CaWpq # 325 (B)
a

This is the steady mass flow rate of air coming in from opening below Hi.
Location of neutral plane:

The height of the opening is Ho = Zy + Zir. Under steady conditions, in a steady fire in an enclosure, m;,, = Myy;.
That is,
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29(pa — pg) <2 Z%)
e —Po (222

Pg

This can be simplified as,

3 1

Pa <Z> _ P <Z%> (Z_) _ |Pa L Zu_ (P_>
vV Pa . \ Pa WA Py 2L Pg
Using, Ho = Zu + Z1, an expression for Zi. can be obtained:

1
Hy—Z7 3 H
0 L=<p_a> =7, = 0

Z T
' Po 1+ (pa/py)?
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