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Abstract-- Positive pressure ventilation (PPV) is a common
method used to enhance smoke removal and reduce ambient
temperatures during firefighting operations; however, its
effectiveness depends on the ventilation conditions of the
compartment. This experimental study investigated the
effects of natural and forced ventilation in a metal
compartment measuring 12.2 x 2.4 x 2.35 meters, using 10
kilograms of wooden pallets as fuel. Ventilation was evaluated
under two modes—natural and forced (blower with an
airflow rate of 18,500 m3/h)—with configurations involving
one or two active openings. The results indicated that
flashover did not occur in any of the tests due to the limited
fuel load. Under forced ventilation with two openings, the
peak temperature above the fire source decreased by 9%
(from 280 °Cto 255 °C), while the temperature behind the
fire increased by 20% (from 176 °Cto 211 °C). In contrast,
with only one opening, forced ventilation led to a 30%
increase in peak temperature above the fire (from 141.9 °C
to 185.6 °C) and a 45% increase in the rear temperature
(from 101 °C to 147 °C) compared to natural ventilation.
Additionally, the time to reach peak temperature under
forced ventilation with two openings was delayed by an
average of 48 seconds, while in the one-opening
configuration, it occurred 61 seconds earlier. These findings
suggest that using PPV in compartments with only one
opening may increase the risk of overheating and the
accumulation of hot gases. Therefore, it is recommended that
this technique be employed only when at least two openings
are available.

Keywords: wood fire behavior, forced ventilation, natural
ventilation, maximum temperature.

1- Introduction

One effective method in firefighting is the use of positive
pressure ventilation (PPV) with portable fans, which
creates additional pressure to exit heat and smoke from
buildings [1-3]. The PPV effectiveness and the factors

influencing it have been examined in numerous studies.
According to the U.S. National Institute of Standards and
Technology, when properly adjusted, PPV can enhance
safety by preventing smoke infiltration into stairwells [4].
Although PPV offers significant advantages, the suitable
exhaust opening location can play an essential role in
effective smoke removal and fire growth control [5]. Also,
increasing the cross-sectional area of the exhaust outlet
improves ventilation performance by increasing airflow
and reducing velocity [6]. In contrast, PPV may pose risks
to trapped occupants and increase the likelihood of fire
spreading to adjacent rooms [7]. Firefighters' entry can
alter the ventilation-to-fuel ratio, and PPV may accelerate
combustion rates by increasing fuel mass loss [8].
Consequently, temperatures rise in downwind rooms and
decrease in upwind rooms. Numerical studies have shown
that PPV can, under certain conditions, reignite fires after
flashover, jeopardizing operational safety. A review of
previous research highlights the scarcity of studies
evaluating PPV effectiveness in single-opening scenarios
with no pathway for hot gas expulsion. Furthermore, prior
studies rarely compared thermal behavior under PPV and
natural ventilation in chambers with one or two openings.
The difference in the number of openings can significantly
impact hot gas behavior and the intensity and timing of
phenomena like flashover. To address this gap, the present
study, as an experimental innovation, designed and
conducted a series of tests in an educational chamber with
two openings.

2- Problem Theory

Figure 1 and Tables 1 and 2 show the combustion chamber
specifications, the conditions of the openings in different
tests, and the positions of the thermocouples.
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Figure 1 - Dimensions of the chamber along with the location of the fuel load and thermocouples: a) 3D view of the chamber.
b) 2D view of the thermocouples and the location of the positive pressure fan.

Table 1- Specifications of the fuel load weight, the location of the openings, and the ventilation conditions
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1 1018 25 29 35 Natural Closed Open Open 10
2 1021 23 31 37 Forced Closed Open Open 10
3 1019 24 30 36 Natural Closed Open Closed 10
4 1018 25 20 35 Forced Closed Open Closed 10
Table 2 - Position of thermocouples installed in the test behaviour in each test, is the study goal, which is discussed
chamber in the results section.
Thermocouple Location X | Location Location
Number (m) Y (m) Z(m) 3- Results and Discussion
T 1.25 . 2.2 Thermocouples placed at varying distances from the fire
! W 5 55 source  recorded different  temperatures  across
T2 ' ' experiments. Figure (2) displays the temperature of the
T 1.25 3 22 upper layer of hot gases inside the chamber, recorded by
3 thermocouples during one repetition of Test 2. Notably, T»
T, 1.25 4 2.2 consistently recorded the highest temperatures due to its
T 15 5 55 proximity to the fire source directly above it. These
5 temperatures were used to analyze growth, fully
T 1.25 7 2.2 developed, decay, and peak temperature stages.
6 W5 3 55 Thermocouple No. 2, installed above the fire source
T, : ' (flame), exhibited distinct behavior compared to other
T 1.25 8 2.2 thermocouples, as shown in Figure (3). In Test 2, forced
8 ventilation with PPV reduced the air temperature above the

Fires progress through five stages: 1) ignition, 2)
growth, 3) flashover, 4) fully developed fire, and 5) decay.
Flashover is defined as the transition from a growing fire
to a fully developed fire, where all combustible items in
the compartment ignite. The fully developed stage exhibits
the highest heat release rate, influenced by compartment
conditions such as size, construction materials, opening
dimensions and shape, and fuel type, quantity, and
distribution. The decay stage occurs as fuel is consumed,
leading to reduced heat release and compartment
temperatures. In current study, 4 tests were designed
according to the conditions stated in Table 1. Wooden
pallets were used as fuel. Analyzing the fire thermal

fire source compared to Test 1 (natural ventilation). This
reduction resulted from enhanced airflow and facilitated
combustion product expulsion through the opposing
opening. In contrast, Tests 3 and 4, with only one active
opening and PPV installed at the same location, showed
restricted exhaust pathways. The pressurized air
encountered resistance, hindering combustion product
expulsion and transforming the compartment into a high-
pressure, poorly ventilated space. Hot gases accumulated
in the upper compartment, reducing convective heat
transfer. Under these conditions, no opposing force
prevented smoke and hot gas from ascending, leading to
lower temperatures recorded by Thermocouple No. 2
above the fire source.
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Figure 2 - Temperatures measured by thermocouples during one of the test iterations
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Figure 4 - Temperature measured T7 in tests 1-4

Flashover is defined as the point when temperatures
reach 600°C. Figure (3) shows that neither natural nor
forced ventilation conditions led to flashover or fully
developed fire stages, attributed to the limited fuel load.
Notably, in Test 2, PPV delayed the decay stage by

approximately 20 seconds compared to Test 1, with
temperatures during this stage (from 270 to 440 seconds)
averaging 9% higher. In Test 4, PPV significantly
increased peak temperatures and raised the average fire
source temperature by 27% from the 100th second until the
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test's conclusion compared to Test 3.

Other thermocouples exhibited similar behavior. Figure
(4) displays the behavior of Thermocouple No. 7 across
Tests 1-4. Thermocouple No. 7, located near the side
opening and closest to the inlet, recorded lower
temperatures in Test 2 (forced ventilation) than in Test 1
(natural ventilation). The peak temperature in Test 2
occurred approximately 50 seconds later, attributed to
increased oxygen supply but lower temperature ranges
under forced ventilation. Despite its distance from the fire,
temperatures in Test 4 (forced ventilation) were higher
than in Test 3 (natural ventilation) from 100 to 400 seconds
due to hot gas recirculation in the upper chamber layer.
Beyond this point, lower temperatures in Test 4 indicated
fire decay, with PPV acting as a cooling mechanism.

4- Conclusion

This experimental study examined wood fire behavior in a

compartment, analyzing the effects of PPV compared to

natural ventilation with a 10 kg fuel load. Key findings
include:

1. Flashover and Fully Developed Stage: Neither
occurred in any test due to the limited fuel load.

2. Peak Temperature: PPV increased peak temperatures
behind the fire source in both opening configurations.

3. Time to Peak Temperature: With two openings (Test
2 vs. Test 1), PPV delayed peak temperatures by an
average of 48 seconds. With one opening (Test 4 vs.
Test 3), PPV accelerated peak temperatures by 61
seconds.

4. Effect on Decay Stage: PPV delayed decay onset by
20 seconds in Test 2 but raised average temperatures
by 27% in Test 4.

5. Operational Implications: PPV should be used with
consideration of the opening number and position.
Results recommend at least two openings to mitigate
hot gas accumulation risks. PPV is not advised for
single-opening compartments with limited fuel loads.
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