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Introduction
The controlled atmosphere cone calorimeter (CACC) is a bench 
scale apparatus addressing some of the limitations of the 
traditional cone calorimeter (CC) design, namely its inability 
to replicate later stage enclosure fires of equivalence ratio ≥1 
where fire behaviour becomes ventilation controlled[1]. Cone 
calorimetry provides an important link between polymer analysis 
and fire science[2]. The addition of a controlled chamber offers an 
opportunity to examine worst case fire conditions, considering the 
toxic and irritant yields, for many materials[3]. However, academic 
exploration on the sensitivity of control variables to collected 
results has been limited (both in terms of number of papers and 
materials explored). Therefore, this work builds upon the work of 
a previously published paper[4] to examine the influence of inflow 
rate of air/nitrogen mixture into the CACC chamber. The current 
work expands on the method of oxygen reduction (flow rates 
causing both vitiation and under-ventilation), irradiance and fuel 
type. The CACC chamber is shown in Figure 1.

Vitiated conditions - HRR and CO production
Experiments were conducted using vitiated flow rates 
(100, 150 and 180 L/min) in pressurised air (20.95 
vol% O2) and an air/N2 mix (ratio to acheive a 17.5% O2 
atmosphere). Vitiated conditions increase the equivalence 
ratio through the use of an inert gas rather than a reduced 
flow rate into the chamber. This results in HRR, MLR and 
gaseous species production rate graphs that exhibit similar 
shapes and trends than collected from the CC [5]. For 
example, the studied materials exhibit a peak in HRR near 
the end of the test as the sample becomes thermally thin 
and thermal reradiation from the sample holder to the 
sample surface increases heat release. Applied irradiance 
also increases peak HRR and reduces experimental run 
times. An interesting point to note at this early stage of 
analysis is that a reduced flow rate impacts the HRR and 
CO time profiles significantly more with the higher heat 
flux (65 kW/m2) with a reduction in HRR and an increase 
on CO production. The same effect is much less evident in 
the 30 kW/m2 tests, although still remains true.

Research project aims
This work is an initial investigation into apparatus sensitivity. The aims of the wider project it forms part of are:
* To quantify heat release, mass loss, and product yield outputs from a range of experimental scales.
* To compare the data collected with a particular focus on the method of oxygen vitiation used in the experimental methodology (under-ventilation or hypoxic 
conditions).
* To analyse findings in order to identify trends between methods with the aim of improving apparatus methodologies, as well as general repeatability, 
reproducibility, and scalability 
* To comment on the validity of using apparatus that introduces vitiated conditions for assessing the risks presented by full scale compartment fires during 
under ventilated stages of fire growth. 

Initial conclusions and future work
Clearly the use of the CACC in both vitiated and under-ventilated modes needs to be further investigated 
to determine the validity and practicality of using this method to collect data for risk analysis, CFD model 
input and materials science research. Early conclusions have identified differences caused by the flow 
rate but also limitations of each method of oxygen reduction when a range of materials are considered. 
Further comparisons between inflow rates will be undertaken to determine suitable ranges for different 
material types. Data from under-ventilated and vitiated tests will then be compared to other experimental 
scales and techniques to identify trends, optimise CACC methodology and assess its use for CFD model 
input, toxicity standards and risk analysis models. 
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Figure 1. CACC combustion chamber used in the current study 

Figure 2. Vitiated HRR vs. time for PMMA exposed to 30 (dot) and 65 (line) kW/m2 Figure 3.  Vitiated CO production vs. time for PMMA exposed to 30 (dott) and 65 (line) 
kW/m2 (dotted = secondary vertical axis)

Figure 4. Under-ventilated HRR vs. time for plywood exposed to 30 (dot) and 65 (line) 
kW/m2

Figure 5. Under-ventilated CO prod. vs. time for plywood exposed to 30 (dott) and 
65 (line) kW/m2

Materials
Experiments were conducted using a CACC at 30, 50 and 65 kW/m2 irradiance levels. 
Flow rates of 5, 10 and 20 L/min were used to investigate under-ventilated conditions 
whilst flow rates of 100, 150 and 180 L/min were used for vitiated tests. Vitiated tests 
were conducted in atmospheres with 17.5 and 20.95 vol% O2. 
Similar investigations into flow rates have only considered PMMA as a fuel. This study 
has broadened the investigation to include 6mm HDPE, PMMA, plywood, as well as 
electric cables (EQQ [S05Z1Z1-U] B2ca in accordance with EN13501-6) and liquid fuel 
(isopropanol IPA-1000). The fuels represent a wide range of potential subjects for CACC 
experimental research.
Collected outputs were heat release rate (HRR), mass loss rate (MLR), total mass loss, CO 
and CO2 production rates and yields, smoke production rates and yields as well as other 
outputs associated with cone calorimetry. A DMS-500 cambustion system was coupled to 
the CACC to collect smoke particle size distribution.
The following preliminary results display some of the results (HRR and CO production) 
for the PMMA and plywood samples only. 

Figure 6.  Vitiated tests (6b.) typically demonstrated behaviour 
similar to that of samples when tested in a CC. Namely that 
the flaming region remains uniform and symmetrical over the 
100x100 mm sample surface. Under-ventilated tests (6a., 6c.), 
particularly those at the lowest flow rate or when burning a 
sample with high calorific value initially, saw the flame front 
expand (6a.) and then decouple from the sample surface creat-
ing an ignitable environment with the chamber which was ob-
served to flash intermittently (6c.)

6b.6a.

6c.

Under-ventilated conditions - HRR and CO Production
Experiments were conducted using under-ventilated 
flow rates (5, 10, 20 L/min). Under-ventilated conditions 
increase the equivalence ratio by limiting the inflow of O2 
to replace O2 consumed by sample combustion. Material 
outputs look significantly different to those typically 
collected from a CC. This is particularly true for materials 
with a high calorific output (defined as a material with a 
peak HRR >300 kW/m2 at 30 kW/m2 irradiance and >100 L/
min inflow in the work completed so far) due to conditions 
within the chamber becoming ventilation controlled. This 
is not true for materials with a low calorific output where 
HRR vs. time graphs were shown to display similar shapes 
to CC tests (for example, two peaks due to char formation) 
at 20 L/min. Where burning does become ventilation 
controlled the inflow rate becomes critical to the steady 
state outputs with higher flow rates resulting in higher HRR 
and CO production. For many tests where the flow rate was 
lowered to 5-10 L/min backdraught conditions were created 
within the chamber resulting in deflagration (Figure 6). 
Experiments needed to be ended early in these cases. 


