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Summary: Based on the industrial needs, the dew point temperature of flue gases 
is being re-examined, both theoreticaly and experimentaly, with mixture of 
sulphuric acid and water as a flue gas model, motivated by inconsistency and 
unsufficient accuracy of previous works, which differ significantly in data of 
sulphuric acid saturation pressure. Experimental setup based on the Laminar co-
flow tube is used to exprress saturation pressure of sulphuric acid via 
measurements of binary homogeneous nucleation rate. 

 

1. Introduction 
A flue gas dew point temperature (DPT) is a temperature to which the combustion gas must 
be cooled down at a constant pressure and vapours content to become saturated; any further 
cooling leads to condensation. 

By burning a fossil fuel, one of the combustion products always formed, is sulphur 
dioxide, which after further oxidation and together with water vapour leads to formation of 
sulphuric acid, main cause of the low temperature corrosion. Moreover, sulphur oxides rise 
considerably the DPT even when present in a trace amount (VDI 4670, 2003).  

Connection between sulphur oxides and DPT was first mentioned by (Johnstone, 1929), 
since then many methods to avoid the low temperature condensation were suggested and 
practiced (Barreras & Barroso, 2004; Ganapathy, 1989). However, the amount of suphur 
oxides produced is a function of many operating variables (Lampert, 1978; Lee & Yen-
Shiang, 1985; Muller, 1983) and so every power station is a specific case of technical-
economical optimisation (Corti, et al., 1999); none of the solution suggested is universal; an 
accurate estimate of the DPT is still desirable for an optimisation of existing and a design of 
newly built fossil power supplies with respect to their service life and efficiency (Dooley, 
2006a; Dooley, 2006b). 
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2. Modelling and experiments 
Estimates of the flue gas DPT based on an approximation of experimental data as a function 
of partial pressures of water and sulphuric acid in a flue gas are rather inconsistent (Halstead 
& Talbot, 1980) and fig.1, mainly due to the hardly measurable saturation pressure of 
sulphuric acid. 

Figure 1: Comparison of several estimates of the DPT as a function of partial pressures of 
water and sulphuric acid, 6 kPa and 1 to 10 Pa: Hal80 – (Halstead & Talbot, 1980); Mul83 – 
(Muller, 1983); Lam78 – (Lampert, 1978). 

In order to express the sulphuric acid saturation pressure more accurately, there may be 
used a device built for measurements of nucleation rate in binary homogenous systems with 
focus on corrosive mixtures (Krejčí, et al., 2004; Krejčí, et al., 2006) together with a model of 
transport processes inside the device. The nucleation rate is defined as a number of droplets 
formed in unit volume per second. Use is made of the facts that: the measured nucleation rate 
is a steep function of mixture composition; the mixture composition is known accurately; and 
a computational fluid dynamics model of experimental process leading to droplet formation 
does exist.  

 

3. Experimental setup 
The experimental setup, see fig.2, consists of the Mixture Preparation Device (MPD) (Krejčí, 
et al., 2004), capable to prepare mixtures of up to three vapours, the Laminar Co-Flow Tube 
(LCFT) (Krejčí, et al., 2006), where nucleation and droplet growth take place, and an 
Ultrafine Condensation Particle Counter (TSI Inc., UCPC 3025A). Each of the vapours, 



prepared in the MPD by saturating a dry gas flowing above the liquid surface, proceed 
separately to the LCFT, where they are mixed by molecular diffusion. 

 The operating conditions are chosen so that the flow is well within the stability limits as 
determined by flow visualization (Trávníček, et al., 2005). Due to high non-ideality of the 
sulfuric acid – water system, the vapour mixture becomes supersaturated. Binary 
homogeneous nucleation followed by droplet growth occurs in the co-flow region of the 
LCFT. Number concentration of the formed aerosol is determined by the UCPC. The 
resulting nucleation rate can be calculated using a computational fluid dynamics model of the 
flow and concentration fields in the LCFT, provided the known mixture composition, LCFT 
operating conditions and counted number concentration of droplets 

Figure 2: Schematics of the experimental setup, the binary case of sulphuric acid – water 
mixture depicted. 

 

3. Results & Plans  
Preliminary qualitative experiments approved that all parts of the experimental set-up work 
properly, see fig.3. 

To proceed, a suitable method for analysis of mixture composition is being searched to 
verify repeatability of mixture preparation, after which qualitative experiments will be 
possible. 
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Figure 3: Time history of number concentration of droplets as a function of residence time in 
the LCFT, results of preliminary experiments: number concentration of droplets detected is 
proportional to time available for growth of droplets – residence time in LCFT.  
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