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Abstract. Using wood stoves is a common space-heating strategy in the Nordic 
countries. Currently, the lowest available nominal power of wood stoves is sig-
nificantly oversized compared to the design space-heating load of highly-
insulated houses. This oversizing might deteriorate the indoor thermal environ-
ment by causing overheating and a large vertical temperature stratification. 
Modelling the indoor thermal environment of rooms heated with a wood stove 
with acceptable computational time and accuracy, however, is a complex task. 
The purpose of this study is to analyze the accuracy of a new IDA-ICE zonal 
model currently under development and to calibrate it against measurements. 
For this, several experiments were conducted in a test cell, which was heated by 
an electric stove mimicking a wood stove with a nominal power of 4 kW. Room 
air temperatures in various positions were measured, while the stove that was 
placed in the middle of the room was run in cycles with different durations and 
surface temperature profiles, leading to a thermal stratification of 0.5-2.2 K/m. 
The zonal model could reproduce the temperatures at the bottom and top layers 
of the room with good accuracy. However, the model still needs further devel-
opment and validation to reach good agreement with measurements in the mid-
dle layers of the zone. Nevertheless, already at this stage, the model could be 
used to roughly assess thermal stratification in rooms heated by wood stoves. 

Keywords: Building simulation, zonal model, thermal indoor environment, 
wood stoves, space heating. 

1 Introduction 

Using wood stoves is a common space-heating strategy in the Nordic countries. Cur-
rently, the lowest available nominal power of wood stoves is significantly oversized 
compared to the design space-heating load of highly-insulated houses (as it is difficult 
to reduce the mean combustion power below 3-4 kW). This oversizing might deterio-
rate the indoor thermal environment by causing overheating and a large vertical tem-
perature stratification. Modelling the indoor thermal environment of rooms heated 
with a wood stove is a complex task. Georges and Skreiberg [1] conducted experi-
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ments with an electric stove in a passive house and compared the measurements to 
simulations using TRNSYS. They reached good agreement with operative tempera-
ture far from the stove, however this room model was by definition incapable of pre-
dicting thermal stratification. For this, a simple simulation method needs to be devel-
oped giving acceptable computational time and accuracy. Currently, zonal models 
that could capture thermal stratification are not implemented in building performance 
simulation (BPS) softwares, at least not in their publicly available versions. However, 
a new zonal model is under development in the BPS software IDA-ICE [2] also called 
a ”CFD-free model”. 

The one-dimensional model splits the room into several horizontal layers with uni-
form air temperature (i.e. a one-dimensional vertical air temperature field). The mass 
flow and energy exchanges between layers are computed using so-called flow ele-
ments. Flow elements are simplified analytical models for generic flows, such as wall 
boundary layers, plume or jets. It was originally developed and validated by Togari et 
al. [3] and has recently been implemented in IDA-ICE in combination with a detailed 
evaluation of thermal radiation, as described by Eriksson et al. [4]. The shortwave 
radiation is computed using the radiosity method and detailed view factors computed 
numerically. This enables to account for non-convex room geometries, such as L-
shaped rooms. The model has been implemented also in TRNSYS by De Backer et al. 
[5, 6]. The implementation of the model in different softwares has shown promise, 
however it has not been earlier validated against experiments with a strong point heat 
source such as a stove. The purpose of this study is to analyze the accuracy of the new 
zonal model and to calibrate it against measurements in a room heated with an electric 
stove mimicking a wood stove. Several experiments were conducted in a test cell with 
simple geometry and well-known boundary conditions, which was heated by an elec-
tric stove with nominal power of 4 kW. 

2 Methodology 

2.1 The test cell 

The experiments in this study were performed in a test cell located in Trondheim, 
Norway, which is described in Fig. 1. The test cell has one external wall with a win-
dow while the other walls are surrounded by a guard zone inside a building. The air in 
the guard zone was circulated with fans to assure uniform temperature distribution. 
The electric stove was installed in the middle of the test cell and two vertical poles 
with 7 Pt100 temperature sensors and 1 Pt100 inside a black globe were respectively 
placed between the door and the stove and near the window (see also Fig. 1). The 
window was covered with a fixed opaque shading to diminish the impact of solar 
radiation. The space between the shade and window was ventilated with 20 mm verti-
cal air gaps. The construction of the test cell is lightweight as the external wall has a 
wood-frame construction with 300 mm of glass wool insulation and the internal struc-
tures were of sandwich panels with polyurethane foam insulation. A triple pane win-
dow has been installed in the external wall. Detailed information about the test cell 
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envelope is given in Tables 1 to 3. The specific heat loss of the combined external 
wall and window was 2.54 W/K out of which 0.36 W/K were linear thermal bridges. 
The specific heat loss of internal structures was 13.46 W/K. The emissivity of all 
internal surfaces was 0.9. T-type thermocouples have been installed on all internal 
surfaces of the test cell (1 to 5 sensors per surface). 

Additional T-type thermocouples have been installed on the outside surface of the 
test cell in the guard zone to monitor the ambient conditions of the test cell. The out-
door temperature, relative humidity, wind speed and direction as well as the solar 
radiation were measured by a weather station on site. Global solar radiation was 
measured on horizontal and vertical south-facing planes. The parameters of all meas-
urement equipment are given in Table 4. 

 
Fig. 1. The ZEB test cell and the location of the stove and Pt100 temperature sensors. 

Table 1. The description of internal structures of the test cell. 

Material Thickness, mm Thermal con-
ductivity, 
W/(m·K) 

Density, 
kg/m3 

Specific 
heat, 

J/(kg·K) 
Wall 

Ceiling 
Floor Door 

 Layer order: Test cell to guard zone 
Wood - 15 - 0.15 1250 1200 
Steel 0.6 0.6 0.6 62 7800 500 
PUR foam 98.8 98.8 78.8 0.03a 35 1600 
Steel 0.6 0.6 0.6 62 7800 500 

a – the thermal conductivity of polyurethane (PUR) foam was increased from 0.024 to 0.03 
W/(m·K) to take into account the thermal bridges in the internal structures. 
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Table 2. Description of test cell window. 

Total window 
thermal 

transmittance, 
W/(m2·K) 

Frame  Glazing 
Thermal 

transmittance, 
W/(m2·K) 

Ratio of 
window 
area, % 

 Thermal 
transmittance, 

W/(m2·K) 

Solar heat gain 
coefficient, - 

0.95 2.7 14  0.66/0.59a 0.343/0.031a 
a – the glazing properties are given with and without shading. 

Table 3. The description of the external wall of the test cell. R of air cavity means thermal 
resistance of the layer. 

Material Thickness, 
mm 

Thermal conductivity, 
W/(m·K) 

Density, 
kg/m3 

Specific heat, 
J/(kg·K) 

 Layer order: Test cell to outdoor air 
Wood 5 0.15 1250 1200 
Glasswool 300 0.035 32 670 
Air cavity 0.02 R=0.18 m2/(W·K) 1.2 1007 
Cladding 5 0.5 1250 1200 

Table 4. Description of measurement equipment. TC – thermocouple. 

Type Position Physical variable Accuracy Frequency 
Pt100 Test cell Air temp ±0.1 K 1 min 
TC type K Stove surface Surface temp. ±2.2 K 5 sec 
TC type T Test cell surface Air/surface temp. ±0.4 K 5 sec/1 mina 
Pt100 Weather station Air temp. ±0.15 K 5 sec/1 mina 
Pyranometer Weather station Global irradiance 2nd Class 5 sec/1 mina 

a – during experiments 5 seconds and 1 minute between experiments. 

2.2 Electric stove 

The test cell was heated with an electric stove with nominal power of 4 kW and di-
mensions 400x400x600 mm (Fig. 2). The stove equipped with electric heating plates 
on each surface, 50 mm of heatproof insulation and an aluminium structure. The elec-
tric heating plates have been covered with 3 mm aluminium plates to make the sur-
face temperature more uniform except for the bottom surface. All stove surfaces were 
painted to get an emissivity of 0.9, which was verified using a thermal camera. A type 
K thermocouple was attached in the middle of each stove surface. The thermocouple 
signal was used to control the respective stove surface temperature using a PID con-
troller. 
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Fig. 2. The electric stove and its heat emission as a function of temperature difference 
between stove surface and ambient air temperature in a large open space. The promi-

nent rods can be used for attaching radiation shields. 

The heat emission of the stove as a function of temperature difference between 
stove surfaces and ambient air is illustrated in Fig. 2. The correlation is based on ex-
periments in a large hall, where the stove electric power was measured at different 
stove temperatures. The electric power of the stove in stead-state was measured using 
two methods. Firstly, the power was calculated based on measured electric current 
(Current in Fig. 2). Secondly, the signals of PID controllers were used to calculate the 
power of each plate based on the maximum power of the heating plates (PID signal in 
Fig. 2). The measured heat emission showed good agreement with the stove heat 
emission model described by Georges and Skreiberg [1] (Model in Fig. 2). 

2.3 Experiments 

A total of 8 experiments with different setpoint profiles of stove surface temperature  
were conducted during 5 work days to investigate a large range of thermal stratifica-
tion (Table 5). All used stove temperature setpoint profiles are given in Fig. 3. During 
experiments, the outdoor temperature ranged between 0.9 and 10.5 °C, with an aver-
age value of 5.2 °C. The guard zone temperature was rather stable, ranging between 
19.8 and 22.3 °C. Solar radiation did not have significant impact on the experiments 
due to the shaded window and well-insulated external wall. 

Table 5. Overview of conducted experiments and minimum and maximum temperatures during 
experiments. Average temperatures are given in brackets. 

Exp. 
no 

Stove temperature 
setpoint profile 

Date Outdoor 
temperature, °C 

Guard zone 
temperature, °C 

1.1 30 min/85 °C 05.04.17 3.4...8.5 (5.7) 19.8...21.7 (20.8) 
1.2 30 min/105 °C 05.04.17 3.4...8.5 (5.7) 19.8...21.7 (20.8) 
2.1 30 min/125 °C 06.04.17 3.4...5.3 (4.1) 20.3...21.8 (21.3) 
2.2 30 min/140 °C 06.04.17 3.4...5.3 (4.1) 20.3...21.8 (21.3) 
3.1 20 min/70 °C 09.04.17 9.1…10.5 (9.7) 20.5…22.0 (21.4) 
3.2 20 min/85 °C 09.04.17 9.1…10.5 (9.7) 20.5…22.0 (21.4) 
4 45 min/140 °C 10.04.17 4.7…6.5 (5.5) 20.6…22.3 (21.6) 
5 50 min/ 150 °C 11.04.17 0.9…4.3 (2.9) 20.5…22.3 (21.6) 
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Fig. 3. The setpoint profiles of the stove surface temperature used in experiments. 

2.4 Simulation model 

The test cell was modelled using IDA-ICE version 6.0 Alpha 05, which so far has 
been distributed to researchers contributing to the development of the software. The 
test cell zone was surrounded by 5 guard zones as shown in Fig. 4. The temperatures 
in the guard zones were controlled with ideal heaters and coolers according to the 
measurements. A steel wall with 50 kg mass and area 10 m2 corresponding to the 
objects located in the test cell was added as an internal mass. The convection coeffi-
cients of test cell surfaces suggested by Togari et al. [3] were used, which were 2.3, 
3.5 and 4.6 W/(m2·K) for floor, walls and ceiling respectively. The zone was divided 
into 250x250x260 mm cells resulting in total 13 horizontal layers. The simulation 
model was stabilized by simulating 11 days preceding the first experiment based on 
measured ambient air and surface temperatures. 

The stove was inserted in the model in the “Schematic” interface of IDA-ICE. The 
stove was a closed surface with the same dimensions as the real stove. The imposed 
boundary condition is the time-varying total emitted power of the stove (i.e. convec-
tion and thermal radiation). The starting height of the plume was 0.75 m from the 
floor and its virtual origin 0.9 m below the plume (see Fig. 4). The convection coeffi-
cient of the stove was set at 1.72 W/(m2·K). 

 

Fig. 4. 3D image of the test cell in IDA-ICE (left) and the main parameters of the 
plume (right). 
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3 Results 

The experiments resulted in thermal stratification between 0.5 and 2.2 K/m as shown 
in Table 6 (taken as the maximum value during the stove heating cycle). Thereby, 
these measurements are a good basis for model validation. The comparison of meas-
ured and simulated temperatures at different heights at position between the test cell 
door and the stove is given in Fig. 6. The match between measured and simulated 
temperature at the lowest and highest levels was good (blue and dark red lines in the 
figures). The gap in the case of experiment 1.2 is caused by the initial offset in the 
beginning of the experiment. However, the simulated temperatures at heights ranging 
from 651 mm to 2734 mm were significantly higher than the measurements showed. 
In addition, the simulated temperature at height 2734 mm was slightly higher than 
temperature at the top layer. In reality, the thermal stratification was rather linear. As 
an exception, the measured temperatures at heights 651 mm and 1172 mm were rather 
similar. Also, there was a time delay in the output files of temperature measurements 
due to the logging system, but the reason could not be identified. The air temperatures 
near the window are not presented in this paper, because there were no significant 
differences between the two locations both in measurements and simulations. 

The correlation to calculate stove heat emission shown in Fig. 2 overestimated the 
heat emission during the experiments, because the correlation was developed based 
on experiments in a large open space. This mismatch was identified by comparing the 
calculated total stove heat emission to the test cell and electricity use calculated based 
on PID controller signals. It might have been caused by the aluminium foil placed 
under the stove to protect the floor of the test cell and that the surface temperatures of 
the rest of the room were higher than the temperature measured near the stove. There-
fore, the stove power imposed in the model was scaled down so that the heating ener-
gy matched the stove electricity use calculated based on PID controller signals. 

Table 6. Measured thermal stratification. 

Experiment 
number 

Maximum measured thermal stratificationa, K/m 
Between door and stove Near window 

1.1 0.9 0.8 
1.2 1.1 1.0 
2.1 1.4 1.2 
2.2 1.5 1.3 
3.1 0.7 0.5 
3.2 0.8 0.7 
4 1.8 2.0 
5 2.1 2.2 

a – calculated based on temperatures at the lowest and highest layers. 
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Fig. 5. The stove heat emission, measured (Tmeas) and simulated (Tsim) tempera-
tures between the stove and test cell door at different heights (h) given in millimeters. 

 

Fig. 6. The measured and simulated air, black globe and operative temperatures, and 
stove heat emission at height 1172 mm during experiment 4. 
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Fig. 7. The measured (Tmeas) and simulated (Tsim) test cell internal surface and stove 

temperatures during experiment 4. 

Due to inaccuracy of temperature simulations in middle layers, the model could not 
also predict the operative temperature as seen in Fig 7. Regarding surface tempera-
tures, the simulated wall internal surface temperatures of the test cell were higher than 
measured ones (Fig. 7). The simulated internal surface temperature of the ceiling was 
quite accurate during the operation of the stove even though it decreased faster after 
the stove operating cycle. 

4 Discussion and conclusions 

The purpose of this study was to calibrate a new zonal model of BPS IDA-ICE 
against measurements in a test cell heated by an electric stove mimicking a wood 
stove. The experiments resulted in a good set of measurements suitable for validation 
of the model. The simulation model was able to predict the temperatures at the lowest 
and highest layers of the zone relatively well. However, the simulated temperatures at 
the middle layers were significantly higher than measured ones. This is a major limi-
tation as EN ISO 7730 [7] requires comparing vertical temperature difference be-
tween heights 0.1 and 1.1 m above the floor to assess thermal comfort. The mismatch 
might be caused by the fact that only the stove plume is currently considered in the 
room model, while convection along the surfaces of the stove is not accounted for. 
Therefore, further research is needed regarding the airflow generated by the stove and 
how to model it. In the building model, room surfaces are assumed isothermal, a sim-
plification that can also be a source of inaccuracy. In addition, the influence of the 
coefficient for the thermal diffusion between layers in the Togari model should also 
be investigated. Results are nevertheless encouraging. Practically, as the overall am-
plitude of the stratification is well predicted, the vertical temperature difference at the 
typical user height could be assessed based on temperatures at bottom and top layers 
of the room and from the vertical temperature distribution reported in studies (see e.g. 
Georges and Skreiberg [1]). 

Based on this study, some model parameters turned to have a large influence on re-
sults: the internal thermal mass of the zone, the position and virtual origin of the 
plume, and the convection coefficients of the room and stove surfaces. In addition, the 
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calibration process requires accurately defined building envelope and internal struc-
tures. In future work, the model should be developed further, integrating lessons 
learned from detailed measurements of stove plumes and should be further validated 
using field experiments in single-family houses or apartments. Also, attention must be 
paid to the mismatch in predicted surface temperatures. When validated, the model 
will be used to establish guidelines for the proper integration of wood stoves in build-
ings similarly to the work of Georges et al. [8]. This means selecting the right stove 
power and thermal mass as function of the building thermal properties resulting in a 
comfortable indoor thermal environment with acceptable operative temperatures and 
thermal stratification during the entire space-heating season. 
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