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Condensing boilers offer substantial energy savibgsause of their high efficiency compared to non-
condensing boilers, which are designed in ordeavoid flue gas condensation and thus low temperatur
corrosion. Non-condensing boilers exit flue gasperature is typically between 150°C and 180°C, Wwiéads

to up to 10% of sensible heat loss. Condensingt#oby consists of cooling the exhaust stream beéleandew
point so that the water vapour produced by the emtibn process can condense. The latent heat cpartg
recovered as well as some of the sensible heats, Tthe thermal efficiency of the boiler is signdidly
increased. This technology is, nowadays, a stangmtthology for space heating in many countriess, Ifor
example, the most dominant boiler technology inNle¢herlands [1]. However it is not always well dige have
the best working conditions. To ensure continucusdensing operation, heat exchange surfaces musgbe
enough and, therefore, return water to the boilastnbe below the dew point. That means that theéifgea
system must be designed to lower the heating wartgperature (underfloor heating systems for example

There has been few published work over the condgnBehaviour of domestic boilers. Some researchers
focused on heat transfer coefficient of vapoursgagures with a large amount of non-condensableagaishigh
moisture content [2-4]. Che et al [2, 3] recommetalsake the convective heat transfer coefficiemhw
condensation 1.5-2 times the corresponding corxeetteat transfer coefficient without condensatidang et
al [4] found that convective heat transfer coeffitiincreases as the gas-vapor mixture flow ratetla@ mass
fraction of water vapor increase. In their experitaé range, this coefficient was 1-3.5 times thafasced
convection without condensation. From another pofntiew, Hanby [5] presented a general boiler nhadat
covers the condensing heat transfer regime usimgehsible to total heat transfer method for cgatioils and
using parameters fitted with manufacturers data fiesent work uses a similar method (general tooitlel
combined to a cooling coil model) as the exact getoynof boilers is generally unknown. The key pagten
required is the overall heat transfer coefficiesiii®een the combustion products and the water.

The structure of the developed model is composedaafnventional boiler model with a main countexfigas-
water heat exchanger (HX1), at which a condens@#ag Bxchanger is added (HX2) (Figure 1) [6]. Krmayihe
oxygen content in the flue gas and the naturabgagposition, adiabatic temperatured) is calculated as well

as the combustion products composition. Prior ® $lecond heat exchanger (HX2), the exhaust gas are
converted to equivalent wet air as the wet heahaxger is simulated by a cooling coil used in @@atment.

The main difference with Hanby's model [5] liestli® cooling coil model. The coil is divided intgparts and
each part simulated by Morisot's model [7].
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Figure 1: Structure of the model
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Six parameters are needed for calculation and tha&seneters are fitted with experimental data:tesein dry
regime and one test in wet regime. Steady-state ese been performed on two household boilegagafired
and a fuel oil boiler), whose nominal outputs ad¢ek@/ in order to fit the model parameters and chtbekmodel
behaviour. It seems that the model gives the cbtread for the thermal efficiency prediction. Rtve gas
boiler, below the dew point (52°C), the efficiengnadually rises and sharply increases below uf4. The
trend is the same for the fuel oil boiler. In thise, the dew point temperature is lower (47°CloB¢he dew
point, the efficiency rises until 104%. Calculatédrmal efficiency has been compared to the medsame for
each test. These points are shown on Figure 2b&tr boilers, in dry regimes, the calculated edfigy is
greater than the measured one. However, the estinefficiency stays within measurement uncerta(2®g).
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Figure 2: Model boiler efficiency compared to meased efficiency at different boiler water inlet temperatures
Left: for the gas-fired boiler — Right: for the oil-fired boiler
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