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THE INFLUENCE OF CONSTRUCTIVE CHARACTERISTICS OF
THE TROMBE WALL ON EFFICIENCY OF PASSIVE
HEATING SYSTEM

A passive solar heating system with Trombe wall with natural air circulation is considered for a one-
storey well-insulated apartment house with an area of 150 m°. The heat energy consumption for heating without
Trombe wall for the city of Kyiv was 59.7 kWh / (m’ year), for Odesa - 50.4 kWh / (m? year). In EnergyPlus
software package, a mathematical modeling of the heating load in the building was performed with changing the
geometric characteristics of the Trombe wall (the thickness of the air gap between the glass and heat-absorbing
wall, the thickness of the massive wall) for Kyiv and Odesa. Optimum values of the thickness of the air layer
between the glass packet and the heat absorbing wall were 0.03-0.04 m for Kyiv, 0.025-0.035 m for Odesa; the
thickness of the massive wall, depending on its material, was: made from cellular concrete — 0.35-0,4 m, from
bricks — 0.35-0,4 m and claydite concrete — 0.25-0.3 m during minimum thermal load of the building. The
influence of the filler (air or argon), the type of glass (conventional, k-glass, i-glass) and the type of a glazing
unit (single-chamber or double-chambered windows) on the loss of thermal energy into the environment is
considered. It is recommended to use a double-glazed window filled with argon with the energy-saving i-glass —
4M-4M-16Ar-16Ar-14. The using of the Trombe wall allows to reduce the heating load for Kyiv — 14.7%, for
Odessa — 16.3%. Payback period of the passive Trombe wall is amounted to: for heat pump systems — 10 years
and 4 months, for a system with electric boiler — 2 years and 10 months in Kyiv, for Odesa — 9 years and 2 years
and 8 months, respectively.

Keywords: passive heating system, Trombe wall, the coefficient of efficiency, solar radiation, energy-
saving glass.

Introduction

Today problems regarding energy efficiency are becoming acute, especially for home heating. A high
tariff on cost of heat energy encourages consumers to look for ways of using it more economical by improving
the efficiency of existing heating systems in buildings.

In cold climates the amount of useful solar energy reaching the earth in winter is more than the daily
requirement for heating in a well-insulated building, and the sun is virtually inexhaustible source of energy [1].
However, there are three main problems limiting the possibility of using this energy source:

o the biggest amount of solar energy is coming during the least desired in heating season;

¢ low density of solar radiation requires the use of large surfaces for its collection;

e solar energy has daily and seasonal fluctuations that are intensified in connection with changes in the
weather.

Passive systems are known and have been used since long ago. Heat is transferred through the building’s
enclosing and accumulating structures, or through air or water. Buildings which use passive systems require
major source of heat and serve only to save fuel resources. In practice, those buildings are still rare, due to the
lack of sufficient information about their effectiveness.

Trombe wall is related to passive systems of indirect sunlight capture, which includes a massive wall of
transparent thermal glazing and external air gap between them.

Solar heat passing through glass during the day is absorbed by the dark surface of the wall, and slowly
carries the warmth inside by a massive wall with a delay in time. The wall serves as a heat accumulator, and
stays warm at night. The high degree of transparency of the glass increases the flow of heat to the massive wall.

Total volume of the wall, or in other words the amount of accumulation, should be sufficient to store solar
energy received per day, but not too large, as in this case the temperature difference between the internal
temperature of the room and temperature of accumulating walls decreases, which accelerates cooling of the wall
and increases heat loss.

The accumulated energy is transferred into the building for room heating. The efficiency of heating or
cooling facilities depends on the thermal conductivity of solid walls and parameters of convective flow in the air
gap and in the space of the room. Normative maximum value of the specific annual energy consumption of one-
storey building is 120 kWh / (m? year) for the I temperature zone (Kyiv city) and 110 kWh / (m? year) for the
IT temperature zone (Odesa city) [2].
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In [3] ideal Trombe wall thickness is 0.3m of concrete for cities located on the northern latitude of
37-40 degrees. The average temperature of the inner wall surface during the heating season was 21 °C, and outer
wall temperature was changing from 10 to 60 °C, depending on the incoming solar radiation on the surface of the
wall.

In [4] experimental studies of Trombe wall sized 3.9 m x 3.55 m with five holes sized 0.25 m x 0.25 m at
the bottom and the top for air circulation with a single layer glass glazing with extended buffer zone of 1.2
meters width were carried out. The construction of the wall is designed for short-term accumulation of heat on
the part of the buffer zone to avoid significant radiation losses from the wall at night. Temperature of the brick
wall in early May reached 46 °C, floor —58 °C. During the working time the room connected to the wall received
around 2 kWh of heat per square meter of the wall. The highest air velocity in the holes was 1.6 m /s, and the
efficiency of the system was about 0.5-0.6.

Aim of the article

Purpose of the work — to determine the impact of design characteristics: the thickness of the air gap
between the glass and heat-absorbing wall, thickness and material of massive wall with minimal thermal load,
depending on the location of the building in the climatic conditions of Ukraine.

The influence of wall materials, insulating glass type and thickness of the air layer between the glazing
and the absorbing wall on characteristics of the Trombe wall for heating buildings was studied.

Material and research results

Calculations were carried out in software EnergyPlus package [5], which allows to use climatic data from
two cities of Ukraine — Kyiv and Odesa. Program file IWEC (International Weather for Energy Calculations)
contains typical weather files suitable for use in modeling of energy processes.

As a model, a well-insulated single-storey house of 150 m? with passive Trombe wall with natural air
circulation heating system was considered. The thermal resistance of the building envelope was: exterior walls —
4.17 m*K / W; windows — 0.73 m*K / W; doors — 3.03 m?K / W; floor — 4.87 m*K / W; roof — 5.32 m*K / W.
Consumption of thermal energy for heating without Trombe wall for Kyiv city was 59.7 kWh / (m? year), for
Odesa — 50.4 kWh / (m? year). The internal temperature in the building was 20 °C.

Heat accumulating wall with area of 17.5 m? is painted black. At the top and the bottom of the wall five
circulation holes with an area of 0.15 m? are installed (Fig. 1). The optimum size and area of the holes is defined
on the basis of studies that are shown in [6]. As the external glazing, single-or double-glass window was used.
The thickness of the air layer between the glass wall and heat-surface varied from 0.013 m to 0.08 m. The wall
was south-orientated with sun canopy of 0.75 m, to reduce overheating in summer.

To maximize the efficiency of passive heating system the optimal ratio between the geometrical
characteristics of Trombe walls were determined: air layer thickness between the glass and heat absorbing wall
and the thickness of massive walls for the three materials: cellular concrete, brick, claydite concrete.
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Figure 1 — Model of the building with Trombe wall

The effectiveness of the Trombe wall was evaluated by the number of the lowest possible energy
consumption per unit area of the house, which follows from the heat balance.

Calculations were carried out taking into account the incoming solar radiation during the day for each
month of the heating season in Kyiv and Odesa for buildings of the same type. The modeling process revealed
that the efficiency of the southern region is 10% higher than the north [7].
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Figure 2-3 shows the results of the simulation to determine the cost of heat for heating depending on
the geometrical characteristics of the Trombe wall for different cities of Ukraine.

Simulation results allowed to determine the optimum parameters for Trombe wall in Kyiv and Odesa
(see Tab. 1).
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Figure 2 —Dependence of the heat consumption for heating buildings in Kyiv on the thickness of the air layer and
the thickness of the walls at its various materials
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Figure 3 — Dependence of heat consumption for heating in Odesa on the thickness of the air layer and
the thickness of the wall of claydite concrete

Table 1- Optimal parameters of Trombe wall for Kyiv and Odesa

Material type walls
cellular concrete brick claydite concrete
Kyiv
Wall thickness, m 0.4 0.35 0.3
Air gap thickness, m 0.03 0.04 0.04
Heat consumption for heating, kWh/m? year 479 46.2 44.7
Odesa
Wall thickness, m 0.35 0.4 0.25
Air gap thickness, m 0.04 0.04 0.04
Heat consumption for heating, kWh/m? year 40.6 40.3 376

As the table shows, the optimum thickness of the air layer is 0.04 meters for almost all cases.

With a daily amount of the total solar energy of 3.5 MJ / m? at average conditions of cloudiness in Kiev in
January the average temperature of air in the layer was 21 °C, and the velocity of its movement — 0.028 m/ s.
The temperature in the room was 12 °C with an outside temperature of - 6 °C. These temperatures confirm the
need for installation of additional energy sources for heating.

The optimum wall thickness depends on the material and the city location of buildings (amount of solar
radiation). For cities located at latitude 46-50 degrees the Trombe wall thickness is 0.25-0.4 m depending on the
material of the wall. The most effective material for Trombe wall is claydite concrete, which reduces the cost of
heat for heating buildings by 20%.

The Trombe wall leads to overheating in the summer months (see Fig. 3). To avoid overheating during
daytime the sliding panels and sun-covering devices are installed, and they are opened at night to intensify the
heat losses to the environment.

Figure 4 shows that during the heating season the effective angle of the canopy arrangement can be
considered as the angle of 60 degrees. In the application of this inclination angle, sunlight will fall on the wall of
the receiver in full extent, as the angle of direct sunlight during heating period for Kyiv ranges from
16.3 to 43.5 degrees, and in Odesa from 20 to 47.5 degrees [8].
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To reduce the costs of heating in winter the canopy should be minimized or removed, if it's allowed by
the design of the building.

Forced air circulation in mid-air layers of the room increases the intensity of heat transfer.

To reduce losses through the glass parts of the walls of passive design the influence of filler, the type of
glass and glass type number on the required energy for heating and cooling was analyzed.

In the analysis ordinary glass windows and energy saving windows were applied (Fig. 5):

o k- glass Low-E glass with "hard" energy-saving coating;

e i-glass Double Low-E glass with "soft" energy-saving coating.
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Figure 4 — Dependence of the amount of solar radiation that comes to the surface of Trombe wall from the
protective canopy installation angle ("+" above the horizontal plane, "—" below the horizontal plane)

Figure 5 shows that single-chamber glazing filled with inert gas store more energy than those that are
filled with air in the case of ordinary glass at 0.8%, k-glass and 2.8% of the i- glass-and at 3.5%. Compared with
the difference is: ordinary glass — 1%; k-glass — 3.3% and i-glass — 6.1%.

Figure 5 — Requirements for building heating in Kyiv with single-chamber and double-glass windows

The use of double-glass windows filled with inert gas argon and use of selective coating allows to reduce
heat loss through the glass envelope for 18-20%. It should be taken into account that for double-glass window
(4M-4M-16Ar-16Ar-14) total solar energy transmittance is 0.50, the coefficient of heat transfer resistance is
0.8 m*K /W, and for single-chamber (4M-16-M4), 0.78 and 0.32 respectively [9]. This leads to decrease in
thermal efficiency of Trombe wall due to less solar radiation incoming and reduce in heat loss through the glass
envelope by increasing the thermal resistance.
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In [7] the annual heat replacement rate for building heating using Trombe wall passive solar system was
determined for Kyiv — 14.7%, for Odesa — 16.3% by the procedure [10]. The lowest value is the replacement rate
in January.

The economic feasibility of using Trombe walls in combined heating systems using heat pump or electric
boiler as the main heat source was considered in [11].

Payback period of passive Trombe walls amounted to: for heat pump systems — 10 years and 4 months,
for a system with electric boiler — 2 years and 10 months in Kyiv; for Odesa — 9 years and 2 years and 8 months,
respectively.

Conclusions

1. For this building configuration it is advisable to use passive heating from the Trombe wall made of
claydite concrete with thickness of 0.3 m for Kyiv and of 0.25 m for Odesa and with air layer of 0.04 m. The
heat consumption for heating is 45- 45.5 kWh / (m ? year) and 37-38 kWh / (m 2 year), respectively.

2. The use of double-glass windows made of i-glass leads to lower thermal efficiency of Trombe wall
because of decreasing the incoming solar radiation and reducing the heat loss through the glass envelope by
18-20% by increasing the thermal resistance.
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BIIJIUB KOHCTPYKTUBHUX XAPAKTEPUCTUK CTIHU TPOMBA HA E®@EKTUBHICTb
IMACUBHOI CUCTEMH OMNAJIEHHS
Pozenanyma nacuena cucmema COHAYHO20 OnaieHHsi 30 cminolo Tpomba 3 NPupoOHOIO YUPKYISAYIEIO
nosimps 01 00HON0B8ePX06020 V0OPe YMeENNeH020 HUumao6020 6younxy niowero 150 m°. Bumpama mennoeoi
enepeii na onanenns 6es cminu Tpomba ona m. Kuesa cmanosuna 59,7 xBm-200 /(m’ pix), ora Odecu —
50,4 xBm-200 (M’ pix). YV npozpamnomy naxemi EnergyPlus nposedeno mamemamuune MOOen08AHHA
ONANIBANLHO20 HABAHMAdICEHHs OYOiaNi npu 3MiHi 2eomempuunux xapakxmepucmukx cminu Tpomba (mosugunu
ROGIMPSAHO20 NPOUWLAPKY MIJC CKIONAKEMOM | MEnIONOIUHAIbHOW CMIHKOIO, MOGUWUHU MACUGHOL cminu) Ons
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Kueea i Oodecu. Onmumanvui 3HAYeHHS MOBWUHU NOBIMPAHO20 NPOWLAPKY MIdC CKIONAKEmoOM 1
MenIonoIuHaIbLHOI0 cminkoio 0 Kuesa dopisnioroms 0,03-0,04 m, onsn Oodecu —0,025-0,035 m; moswunu
MacugHoi cminu 6 3anexcHocmi 6i0 i mamepiany cmanogunu: 3 dipuacmozo demony — 0,35-0,4 m, 3 yeenu —
0,35-0,4 m i xepamszumobemony — 0,25-0,3 m npu MIHIMATbHOMY MENI08OMY HABAHMANCEHHI OYOi6L.
Posenanymo enaue nanosHiosaua (nosimpsa abo apeow), eudy ckua (38uuaiime, k-cxno, i-ckio) i muny
ckionakema (0OHOKAMEpHULl abo0 08OKAMepHUL) HA 8mpamiu Menio8oi eHepeii 8 HABKOMUWIHE cepedosuile.
Pexomenoosano eukopucmanus 080KaMepHO20 CKIONAKEMA 3aN0BHEHO20 AP2OHOM 3 eHep2030epicarouo2o i-cKia
— 4M-4M-16Ar-16Ar-14. Buxopucmanus cminu Tpomba 0038014€ 3MeHWUMY ONANIOBATbHE HABAHMAICEHHS 8
Kuesi na 14,7%, a 6 Ooeci na — 16,3%. Tepmin okynnocmi nacusroi cminu Tpomba cmanous: 0as cucmemu 3
mennogum Hacocom 10 poxie i 4 micsayi, 0 cucmemu 3 enekmpuynum komaom — 2 poxu i 10 micsyie ona Kuesa,
a onst Odecu — 9 pokis i 2 poku i 8 micsayie, 6i0N0GIOHO.

Knwowuoei cnoea: nacueHa cucrteMa onajieHHs, cTiHa TpomOa, KoedilieHT e(peKTHBHOCTI, COHIYHA
paniariisi, eHepro3oepiraroye CKJo.
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BJIMAHUE KOHCTPYKTHUBHBIX XAPAKTEPUCTHUK CTEHBI TPOMBA HA
3®PEKTUBHOCTH MACCUBHOM
CUCTEMBbI OTOIIVIEHUA

Paccmompena naccuenas cucmema coaneunozo omonneHusi co cmenou ITpomba ¢ npupooHou
yupKynayuet 6030Yxa 0N 0OHOIMANCHO20 XOPOUIO YMENIeHH020 XHCUA020 doma naowadvio 150 m?. Pacxoo
mennosoti snepauu Ha omonienue 6e3 cmemnvl Tpomba ons 2. Kuesa cocmaenan 59,7 kBm-u/(mM° 200), onsa
Ooeccor — 50,4 kBm-u/(m* 200). B npoepammimom naxeme EnergyPlus nposedeno mamemamuyeckoe
MOOenUpogaHue OMoONUmenbHol HAZPY3KU 30anus NPpU USMEHEHUU 2e0MempudecKux XapaKxmepucmux ChieHbvl
Tpomba (moawunsl 6030YUIHOU NPOCIOUKU MEHCOY CIMEKIONAKEeMOM U MeNniono21ouarowelt CMeHol, mMoauuHsl
maccuenou cmenwl) 011 Kuesa u Odeccvl. OnmumanvHvle 3HAYEHUs MOIUWUHBL B030VUWHOU NPOCIOUKU MeNCOY
cmeKnionakemom u menaononowarouet cmenxou ons Kuesa pasnsnuce 0,03-0,04 m, o1 Odeccor —0,025-0,035
M, MONUWUHBL MACCUBHOU CTNEHbL 8 3A68UCUMOCU OM ee MAmepuala cocmasuiu: u3 ovipuamoeo bemouna — 0,35-
0,4 m, uz xupnuua — 0,35-0,4 m u xepamsumodemona —0,25-0,3 m npu MUHUMATLHOU MENIOB0U HAZpY3Ke
30anus. Paccmompeno enuanue nanoanumens (6030yx unu apeowu), uoa cmekia (0bviunoe, k-cmexno, i-cmexno)
U muna cmekionakema (0OHOKAMEPHIU UL OBYXKAMEPHBII) HA NOmepu Menio8ol dHepeuu 8 OKPYICAIOWYIO
cpedy. Pexomenoosano ucnonvszosauue O08YXKAMEPHO2O CMEKIONaKema 3aNOJIHEHHO20 AP2OHOM U3
anepeocoepezaiowezo i-cmexna — 4M-4M-16Ar-16Ar-14. Hcnonvzosanue cmenvt Tpomba nossonsem
yMeHbuums omonumenvuylo Haepysky 6 Kuese na 14,7 %, a 6 Odecce na — 16,3%. Cpox oxynaemocmu
naccusHoii cmenvl Tpomba cocmagun: 0ns cucmemul ¢ meniosvim Hacocom 10 nem u 4 mecsaya, 0rsa cucmemsl ¢
anexmpuyeckum komaom — 2 eoda u 10 mecayes ons Kueea, a dnss Odeccor — 9 nem u 2 200a u 8 mecsyes,
COOMBemcmeeHHo.

Knioueevie cnosa: maccuBHasi cucTemMa OTOIUIEHMs, cTeHa Tpomba, koadduumeHt s¢dekTuBHOCTH,
COJIHEYHasl pafuanus, sHeprocoeperaromee CTeKIIO.
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