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Nomenclature
a - thermal diffusivity, m2/s; A is area, m2; D - mass diffusivity, m2/s; G - mass flow rate, kg/s; g v - water vapour
mass fraction in gas; lk - width of the experimental test section, m; M - mass, kg; Mμ - molecular mass, kg/kmol; p pressure, Pa; pv - water vapour volume (molar) fraction in
gas mixture; T - temperature, K; t - temperature,°C; R - radius of a droplet, m; R  - universal gas constant,
J/(kmol·K);  is density, kg/m3;  - time, s; w - velocity, m/s;
 - relative humidity, %.
Subscripts: B - barometric; co - condensation; dp - dew
point; dr - dry; e - equilibrium evaporation; f - phase change;
g - gas mixture (additionally humidified air); l - water; m mass average; o - ambient air; tb - thermocouple bead; R droplet surface; s - saturated; v - vapour; 0 - droplet initial
state.
1. Introduction
Fossil fuel resources are still sufficient to meet the
modern energy needs of mankind [1]. However, natural gas
and oil resources have a wide range of industrial applications and should be used responsibly in traditional energy
production technologies. In addition, the burning of fossil
fuels has a negative impact on the environment of the modern world [2]. So it is relevant to reduce the fossil fuel component in the overall energy balance [3]. In this aspect, it is
efficient to develop renewable energy source (RES) technologies [4]. Resources from RES, their sustainability and
the prospect of exploitation are assessed and based on scientific analysis [5-7]. Biomass and biofuels occupy the predominant position in RES [6], that is why biofuel and its
combustion technologies are being introduced into domestic
use [8], transportation [9], electricity and thermal energy
production [10-12].
Modern biofuel technologies are widely used [1318]. The applicability of liquid spraying, for improvement
the efficiency of the biofuel combustion process and enhancing environmental impact, is prominent. Therefore, in
the global energy industry, the development of biofuel technologies defines the growing interest for droplets evaporation process and its influence for fuel burning characteristics
[19-22]. Water droplet and sprays are also suitable for combustion control [18, 23] and reduction of toxogens concentrations in combustion products [18, 24, 25], for cooling of
flue gas [26] and recovery of heat [27, 28]. The efficiency

of liquid spray technology is determined by the intensity of
the droplet transfer processes and the very high contact surface between the liquid and gaseous phases. Therefore, the
research of the sprayed liquid droplets heat and mass transfer is popular and its history has been over a century [29].
However, interest is not decreasing in this subject [30]. This
is owing to the need of improvement of existing and development of new spraying technologies. This requires a good
understanding of the heat and mass transfer processes of the
sprayed liquid droplets, and droplet studies are conducted in
various aspects [26, 29-36]. The boundary conditions of the
water droplets phase change and heat transfer in biofuel
combustion technologies can be very different. Two very
important cases of water spraying can be distinguished.
In the first case, the water is sprayed to regulate the
combustion process in the furnace. Water can also be
sprayed to the flue gas, flowing from the furnace. The purpose of this action is to suppress the nitrogen oxides formation and reduce atmospheric pollution. When the water is
sprayed into biofuel furnace flue gas, the droplets must completely evaporate. This allows to use the traditional ferrousmetal-based heat exchangers for cooling flue gas and does
not create favorable conditions for wall corrosion. In the
second case, water is sprayed into technologically cooled
flue gas with the purpose to improve the heat recovery process before releasing flue gas into the atmosphere. Heat
from removed flue gas is recovered in condense economisers. The biofuel flue gas average temperature is 130-180°C
and average water vapour volume fraction is 0.2-0.35 in gas
mixture. The flue gas is cooled to temperature of 40°C and
during condensation process water vapour volume fraction
decreases to 0.07 in average. In this case, the efficiency of
the condense economiser is defined by the drying of the flue
gas, because in the water vapour condensation process the
released heat is significantly higher than the heat, which is
recovered from the cooled flue gas. It is important to cool
the flue gas down to the dew point temperature before the
heat exchanger. For this, the primary water injection is performed. Inside flue gas economizers water is sprayed in order to condense the vapour on the droplets (for a case of
contact heat exchanger) or to improve the hydrodynamics of
the condensate and polluted flue gas (for a case of recuperative heat exchanger). In modern biofuel combustion technologies, the flue gas is well cleaned of pollutants.
A literature review indicates that the droplet heat
and mass transfer processes are important for liquid spraying technologies, which were investigated when applying
the theoretical and numerical modelling and experimental
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methods. Modern numerical heat and mass transfer of droplets models allow to define complex transient transfer processes. These models take into account the Stefan’s hydrodynamic flow, the specificity of spectral radiation absorption in a semi-transparent liquid, the influence of transit regimes, and other factors that determines the interaction of
the complex transfer processes. The main factors which define the phase change of the water droplets in the biofuel
flue gas are the temperature, the humidity of a gas flow and
the sprayed water temperature [34]. An important factor is
the boundary conditions of the droplets heat transfer, that
are influenced both by the slipping of a droplets in the gas
and by the emissivity of the droplets surrounding.
The application of a numerical modelling is perspective, but experimental research results that required for
control are insufficient, particularly in cases of transient
phase changes of water droplets in humid flue gas flow.
However, it should be noted that the experimental investigations are needed to control numerical models results is
still insufficient in transient regimes of complex transfer
processes, especially in water vapour condensation regime
on a droplet surface. The water vapour condensation and
water transient evaporation regimes are particularly important for defining the optimal water spraying in biofuel
combustion technologies
In this work results of experimental research on the
heating of water droplets in purified biofuel flue gas were
presented and analyzed. In experimental investigation the

purified biofuel flue gas is replaced by additionally humidified air flow. The experiment methods and results processing are discussed and provided. Impact of air heating
and additional humidification was estimated. While heating
and additionally humidifying the air flow was focused on
boundary conditions in condense economisers, when the
flue gas temperature is 20  100°C and water vapour volume
fraction is 0  0.2.
2. Experiment method and processing of the results
The principal scheme of the experimental setup is
presented in Fig. 1. The main components are: air flow
heater 4, the water evaporator 5 for additional humidification of the air flow, the experimental test section 7 and the
special system 10 for the water droplet introducing into the
experimental section. Other components of the experimental setup are designed for the data collection and processing. The temperature, humidity, and pressure of environment air are measured using a TESTO 445 device 1. The
air blower 2 supplies the air to the heater 4, where the air
flow is heated to the set temperature. The air speed and temperature is measured with anemometer 3 after the blower in
a pipe of 80 mm diameter and 1 m length. The water vapour
from evaporator 5 is supplied in the air flow and the amount
of evaporated water is measured using scales 6. The heated
and additionally humidified air flow is supplied into the experimental test section 7.

Fig. 1 Principal scheme of the experimental set-up. 1 – air temperature, humidity and pressure meter; 2 – centrifugal blower;
3 – air speed and temperature meter; 4 – air heater; 5 – water evaporator; 6 – scales; 7 – experimental test section;
8 – photo camera; 9 – water tank for droplet formation; 10 – system for water droplet introduction into the experimental section; 11 – temperature measurement and data storage; 12 – computer used for data acquisition and processing; T1, T2, T3, T4, T5 and T6 – thermocouples; L1 – pipe for air inlet; L2 – connecting pipe between the main
airline and evaporator; L3 – air flow discharge pipe
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After passing the test section 7 the humid air flows
out from the experimental setup in pipe L3. Thermocouples
T2, T3 and T5 are used to measure the temperature of the
humid air flow at different segments of 7. Water droplet is
formed by the pipette on a thermocouple T4 and is introduced by a special system 10 into the experimental section
7. The water for the droplet is taken from the container 9.
The water temperature is measured by the T6 thermocouple.
All thermocouples are connected to the Pico Logger TC-08
data logger, while the logger is connected to a computer 12.
An initial droplet size is taken by photo camera 8.
Data obtained from a video camera is analyzed using an image recognition program according to the methodology of
work [37] and written in MATLAB. The initial equivalent
diameter of the droplet is defined with an average confidence of ± 0.04 mm. The equivalent diameter of the droplet
2R is perceived as a diameter of sphere of combined volume
of the thermocouple bead and the water which surrounds it.
The accuracy of experiment is determined by
measuring devices and their descriptions provided and certified by the manufacturers. A Pico-Logger TC-08 has a
temperature measurement accuracy of ±0.38°C. The equivalent diameter of the thermocouple bead is measured using
a micrometer with accuracy of ± 0.02 mm. The TESTO 445
measures air temperature, relative humidity and pressure at
accuracies of ± 0.3°C, ± 2% rH and ± 0.01 hPa for respectively. In the evaporator, the evaporated water mass was
measured with an accuracy of ± 0.5 g.
The experiments are performed consistently in the
steps described below: The ambient air relative humidity
 , 0 0 ; temperature to,°C and barometric pressure p B , Pa
are measured; Velocity w o , m/s; of the air flow is measured
in the 80 mm diameter tube L1 (the air flow velocity is set
by adjusting the performance of the centrifugal blower); For
an additional air flow humidification, the amount of water
vapour, which is supplied to the experimental section, is
controlled by the electric load of the evaporator; A droplet
is formed on the thermocouple bead with an indicative temperature tl,°C, and the thermocouple logger starts to record
its temperature; A special insertion system with a safety
glass tube positions the water droplet into the centre of the
experimental section; At the moment when the safety glass
tube is removed, the condition  1  0 is assumed and the initial droplet temperature t0,°C and water mass M1, kg in
evaporator are fixed; The experiment is continued until the
droplet water completely evaporates and the thermocouple
bead warms to the gas flow temperature tg,°C. Then the time
 2 , s and water mass M2, kg in evaporator are fixed.
The results of each experiment are processed consistently in the following order:
1. The water vapour partial pressure in ambient air is determined as pv ,o  p s t o , Pa. Then the volumetric
p v ,o and mass g v ,o fractions of water vapour in the

2.

The air flow rate G o , kg/s is calculated and the vapor
flow component Gv ,o , kg/s is defined as follows:

3.

G o  AL1  o w o ,

(3)

Gv ,o  g v ,o Go .

(4)

The additionally humidified air flow rate G g , kg/s and
the vapor flow component G v , kg/s is calculated as follows:
Gv  Gv ,o 

M 2  M1

 2 1

(5)

,

G g  1  g v ,o  Go  Gv .

4.

(6)

The mass g v , g and volumetric p v , g fractions of water
vapour in the gas are defined as follows:
g v,g 

pv, g 

5.

Gv
Gg

(7)

,



R  / M  ,v



R  / M  , v  1  1 / g v , g R  / M  , o , dr 

.

(8)

The partial pressure pvg, Pa of the water vapour in the
gas is calculated and the dew point temperature tdp,°C
is defined as follows:
pv , g  pv , g  p B ,

(9)



(10)



t dp  t s pv , g .

6. The velocity of gas wg, m/s flow in the experimental
setup is calculated:
wg 

Gg

 g l k2

; l k  0 .05 m .

(11)

7. The hydrodynamics regimes of gas flow and droplet
overflow are determined by Reynolds numbers respectively:
Re g 

wg lk
vg

; Re l 

2 wg R
vg

.

(12)

8. According to droplet temperature measuring results the
droplets heating thermogram t l   is composed.

ambient air are defined as follows:
p v ,o 

g v ,o 



p v , s t o 

100

pB

3. Experimental results and discussion
,

p v ,o M  ,v

p v ,o M  ,v  1  p v ,o M  ,o , dr

(1)

.

(2)

The experiment was performed for the regularities
definition of water droplet thermal state variation in humid
air flow as well for verification of theoretical conclusions
presented in work [34]. The experiment focused on the water injection cases in flue gas condensers. For the definition
of optimal water spraying it is necessary to select properly
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the transit phase transformation   0   e and the equilibrium evaporation    e   f regimes. In the transit phase
transformation regime such processes as liquid vapour condensation on a droplet and liquid evaporation from a droplet
surface can take place [34].
The initial temperature t 0  tl   0 of the water
droplet, placed on the thermocouple bed, was fixed according to temperature of its introduction moment into the air
flow. The droplet temperature variations t l   thermogram
is created according to the droplet temperature measurement
every second results (Fig. 2 and 4). After water evaporates,
the temperature of the air flow tg is determined based on the
temperature of the thermocouple bead (Fig. 3 and 5).
In the first stage of the experimental research the
condition t 0  t e was valid, the supplied air flow rate is
9.244·10-3 kg/s, the temperature is 19.4°C, the relative humidity is 56.8% and the pressure is 989 hPa.
In the first experiment this air flow was heated to
temperature above 96°C, and overflowed droplet with an initial temperature of 31.7°C in the experimental section. The
droplet temperature during transient evaporation regime increased by 10.8°C and reached te,1 = 42.5°C temperature
(Fig. 2, curve 1). During equilibrium evaporation regime the
droplet warms an additional of 3.3°C and reached
tf,1=45.8°C temperature (Fig. 3, curve 1). After water fully
evaporates, the thermocouple bead rise to 96.6°C temperature (Fig. 3, curve 1).
In a second experiment, the air flow was additionally humidified with a vapour flow of 0.194·10 -3 kg/s from
the water evaporator. The volumetric fraction of water vapour in the gas flow was increased from 0.0129 to 0.045.
This additionally humidified gas flow into the experimental
section and overflows a droplet with an initial temperature
of 30.3°C.
In the second experiment, the droplet temperature
during transient evaporation regime increased by 24.6°C
and reached te,2=54.9°C temperature (Fig. 2, curve 2). During equilibrium evaporation regime the droplet warms an
additional of 1.9°C and reached tf,2=56.8°C temperature
(Fig. 3, curve 2). After water fully evaporates, the thermocouple bead rise to 96.5°C temperature (Fig. 3, curve 2).
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Fig. 2 Heating process of the water droplet in heated ambient air flow 1 and in additionally humidified gas flow
2, 3 in the transient phase change regime. to=19.4°C;
φo=56.8%; pB=989 hPa; Go=9.244.10-3,°kg/s; Gv.103,
kg/s: 1 0, 2, 3 0.194; tg,°C: 1 96.6, 2 96.5, 3 96.1; wg,
m/s: 1 3.99, 2, 3 4.12; p v , g : 1 0.0129, 2, 3 0.045;
tdp,°C: 1 10.62, 2, 3 30.84; t0,°C: 1 31.7, 2 30.3, 3 24.7
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the sprayed water temperature in order to ensure the suitable
droplet transient evaporation regimes, because it is important to achieve the desired technological goal as effectively as possible. The experiments were conducted with
large water droplets, which equivalent diameter were 2-3
mm. The hydrodynamics regimes of gas flow and droplet
overflow are determined by Reynolds numbers
Reg = 10000 ÷ 20000 and Rel = 400 ÷ 1000 respectively.
Experiment was performed in two stages.
In the first stage, the influence of additionally humidified air for the droplet heating is investigated (Figs. 2
and 3). In the second stage of the experimental research, the
impact of the initial water temperature on the thermal state
change of a droplet was studied in more detail (Figs. 4 and
5). It is important to know this influence when defining the
optimal regimes of sprayed water in different biofuel combustion technology devices. The transfer processes of a
droplet are analyzed in the cycle of phase change regimes
on a droplet surface. The beginning of the phase change cycle is defined by moment   0 , while the end is fixed by a
water evaporation moment    f . In the cycle take place
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Fig. 3 The variation of the droplet temperature in equilibrium evaporation regime and the thermocouple bead
heating to the flow temperature in heated ambient air
flow 1 and in additionally humidified gas flow 2, 3 in
the equilibrium evaporation regime. The experimental boundary conditions are as shown in Fig. 2
It must be said that in both cases, the gas temperature is practically the same, and the gas flow rate in the test
section channel is similar. Therefore, the droplet higher te,2te,1=12.4°C heating in the additionally humidified gas flow
in the transient phase transition regime can only be explained by the significant effect of the humidifying air on
the droplet equilibrium evaporation temperature. In this
case, the volumetric fraction of water vapour in the additionally humidified gas was increased almost 3.5 times. The
slight droplet heating in the equilibrium evaporation regime
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ified gas flow, conditions of t dp  1.018 and t dp  1.249

portant to achieve the desired technological goal as effectively as possible. Therefore, in all experiments, the initial
temperature of the water droplet was different. In 3, 5, 6 and
7 experiments the condition t 0  t e was valid, and in 1, 2, 4
and 8 experiments the condition t 0  t e was valid (Fig. 4).
In the experiments (1-4) the volumetric fraction of the water
vapour in the ambient air is approximately 0.0087 and the
dew point temperature is 4.97°C.
65
tm , 0C

can be explained by additional droplet heating through the
thermocouple wires. Its influence for the heat transfer of the
droplet water and thermocouple bead system increases,
when the mass of the droplet consistently decreases in the
process of the water equilibrium evaporation.
In a third experiment, the droplet heating was repeated, and the results of the second experiment were practically confirmed when a flow of additionally humidified
and heated air was used. The water droplet of slightly lower
initial temperature of 24.7°C in the transient evaporation regime heats by 29.5°C and reached te,3=54.2°C temperature
(Fig. 2, curve 3), and in equilibrium evaporation regime
heats by 2.4°C and reached tf,3=56.6°C temperature (Fig. 3,
curve 3). The droplet temperature tf,3 was 0.2°C lower due
to a slightly lower air flow temperature of 96.1°C at the end
of the equilibrium evaporation regime. In the beginning of
the equilibrium evaporation regime, the 0.7°C lower droplet
temperature te,3 is influenced by the uneven boundary conditions of droplet heat transfer in the time moment τe.
For ambient air flow the dew point temperature is
10.62°C, and for additionally humidified gas flow the dew
point temperature is 30.84°C. The dew point temperature tdp
is defined based on the Gerry correlation [38]. For heated
ambient air flow, the experiment was carried out in condition t dp  t dp / t 0  0.355. In the case of additionally humid-

60
55
50

1

2

3

4

45

5

6

7

8

40
35
30

were valid for the second and third experiments, respectively. Therefore, the required condition t dp  1 for the con-
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densation phase change regime on the droplet surface was
fulfilled in the second and third experiments cases. In this
cases during condensation phase change regime the droplet
surface temperature reaches the dew point temperature. Because the relative slipping of a droplet in air flow is high,
therefore the intensive forced circulation of water caused by
the friction forces will take place inside the droplet [39].
Therefore, the droplet surface temperature is close to the
water mass mean temperature, and duration of a condensation regime is defined by condition:   co   Tm    Tdp .

20





The duration of the condensation regime   co is 0 s, 0.16
s, and 0.92 s for first, second and third experiments, respectively. The calculated duration of the transient phase change
regime of a sprayed water droplet is clearly defined by the
time moment when the droplet heats up to the highest temperature  e   tl  tl , max  [34]. In the experiments the droplet temperature increases in equilibrium evaporation regime
(Fig. 3). Therefore, it is only possible to define the duration
of the transient phase change regime indicatively: in the first
experiments  e  18 s , in the second and third experiments
 e  20 s. The duration  f of the droplet phase change is

defined
by
the
water
evaporation
moment
  f   2 R  2 Rtb  . In the first, second, and third experiments,  τf is 117.7 s, 128.1 s, and 165.5 s, respectively.
At the second stage of the experimental research,
eight experiments were conducted. The experiment focused
on the water injection cases in flue gas condensers for heat
recovered of the removed biofuel flue gas. For the definition
of optimal water spraying it is necessary to select properly
the sprayed water temperature in order to ensure the suitable
droplet transient evaporation regimes, because it is im-
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Fig. 4 Influence of the water initial temperature to heating
process of the droplet in heated ambient air flow 1-4
and in additionally humidified gas flow 5-8 in the
transient phase change regime. to=21°C; φo=35%;
pB=1000.3 hPa; Go=15.88.10-3, kg/s; Gv.103, kg/s:
1-4 0, 5-8 1.572; tg,°C: 1, 2 85.6, 3 62.4. 4 62.2,
5 80.9, 6 81.3, 7 65.4, 8 65.5; wg, m/s: 1, 2 6.56,
3 6.14, 4 6.13, 5 7.5, 6 7.51, 7 7.18, 8 7.17; t0,°C:
1 36.6, 2 33.9, 3 25.4, 4 32.2, 5 35, 6 58.1, 7 53,
8 58.7; pv ,g : 1-4 0.0087, 5-8 0.1444; tdp,°C:
1-4 4.97, 5-8 53.23
In the experiments 5-8 the volumetric fraction of
the water vapour in the additionally humidified gas is approximately 0.144 and the dew point temperature is
53.23°C. At the same humidity, the droplet heating was
mainly determined by the gas temperature and was only
slightly influenced by the boundary conditions of convective heat transfer on a droplet (Fig. 4). For the cases 1-4 of
heated air, the initial water droplet temperature was changed
from 25°C to 37°C. In the transient phase change regime,
the droplet heats in case 3 only, while in experiment 1, 2,
and 4 the cooling of a droplet was noticed (Fig. 4, curves 1–
4)
When the ambient air flow is heated up to ≈ 85,6°C
(Fig. 5 a, 1 and 2 curves), the droplet temperature decreased
to ≈ 34°C in the transient phase change regime in case 1
(Fig. 4, 1 curve) and in case 2 droplet cools down to ≈ 33°C
(Fig. 4, 2 curve). When the ambient air flow is heated up to
≈ 62,2°C (Fig. 5 a, 3 and 4 curves), the droplet temperature
increases to ≈ 30°C in case 3 (Fig. 4, 3 curve), whereas in
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case 4 droplet cools down to ≈ 27°C (Fig. 4, 4 curve) in the
transient phase change regime. For the cases 5-8 of heated
and additionally humidified air, the initial water droplet
temperature was changed from 35°C to 59°C. In the transient phase change regime, the droplet warms in cases 5, 6 and
7 (Fig. 4, curves 5–7), and cools in case 8 only (Fig. 4, curve
8). When the additionally humidified gas flow is heated up
to ≈ 81°C (Fig. 5 b, 5 and 6 curves), the droplet in the transient phase change regime warms up to ≈ 58°C in case 5
(Fig. 4, curve 5), and warms up to ≈ 59°C in case 6 (Fig. 4,
curve 6). When the additionally humidified gas flow is
heated up to ≈ 65.45°C (Fig. 5 b, 7 and 8 curves), the droplet
in the transient phase change regime warms up to ≈ 57°C in
case 7 (Fig. 4, curve 7), and in case 8 cool down to ≈ 57°C
(Fig. 4, curve 8).
tm , 0C

90

4. Conclusions
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The results of the experimental investigation of the
water droplets heating in the additionally humidified gas
flow confirmed the following:
1. In the gas flow the factors determining the phase change
regimes of a water droplets are the humidity of the air
and the initial temperature of the water. The initial temperature of the water defines the peculiarities of the transient phase change regime of the droplets. The air flow
parameters define the droplets equilibrium evaporation
temperature, which is not affected by the initial water
temperature.
2. The results of the experimental investigation suggest
that the dimensionless t dp  t dp / t 0 and t e  t e / t 0 pa-
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Therefore, the initial temperature of water significantly influences the change of the thermal state of a droplet
both for the only heated ambient air flow and the additionally humidified gas flow cases, depending on the value of
the parameter t e , what was theoretically defined in [34]
work. For cases 3 and 5–7, the water temperature was lower
than the equilibrium evaporation temperature of a droplet
and the parameter t e  1 was maintained. Then the droplet
warms to the equilibrium evaporation temperature was experimentally confirmed. For cases 1, 2, 4, and 8, the water
temperature was higher than the droplet equilibrium evaporation temperature and the parameter t e  1 was maintained. Then the droplet cooling down the equilibrium evaporation temperature was experimentally confirmed.
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Fig. 5 The variation of the droplet temperature in equilibrium evaporation regime and the thermocouple bead
heating to the flow temperature in heated ambient air
flow (a) and in additionally humidified gas flow (b).
The experimental boundary conditions are as shown
in Fig. 4

rameters are appropriate for determining the peculiarities of the water droplets phase change regimes in the
humid gas flow. In the disperse water and humidity gas
two phase flow the condition t dp  1 is necessary to ensure all of the droplets phase changes that consist of condensation, transient evaporation and equilibrium evaporation regimes, and that they proceed sequentially. It has
been experimentally confirmed that the water droplets in
the initial evaporation stage have cooled, when the condition t e  1 is valid.
3. In the gas flow of ≈ 96.5°C temperature, the water droplets equilibrium evaporation temperature is ≈ 42.5°C,
when the volumetric fraction of water vapour is 0.0129
in the air. After the additionally humidifying the air flow
up to pv  0.045 , the water droplets equilibrium evaporation temperature increases to ≈ 55°C. When the gas
flow of ≈ 85.6°C temperature and the volumetric fraction of water vapour is 0.0087 the droplets equilibrium
evaporation temperature is ≈ 33.5°C. In the additionally
humidified gas flow of ≈ 81°C temperature, the water
droplets equilibrium evaporation temperature rises to a
higher ≈ 58.5°C in transient phase change regime, when
the volumetric fraction of water vapour is 0.144 in the
gas.
4. The instantaneous boundary conditions of the heat transfer also have a certain influence on the thermal state of
the droplet equilibrium evaporation. Owing to the different equivalent droplet diameter at the beginning of the
equilibrium evaporation, the heterogeneity of a droplet
is determined by the uneven convective heating, although the air flow parameters are similar. This explains
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the inconsistency between the measured equilibrium
evaporation temperatures of ≈ 1.5°C and ≈ 3°C when the
air flow parameters are similar in the first and second
parts of experiments.
5. Water injection must be organized for individual units of
biofuel combustion technologies in a targeted and coordinated manner. Only then will it be possible to achieve
the optimal process of heat recovery from the biofuel
flue gas and ensure a high efficiency in biofuel combustion technology. Because the volumetric fraction of water vapour can range from 0.2 to 0.4 in a humid biofuel
flue gas, the temperature of the equilibrium evaporation
of the injected water droplets can be significantly higher,
and sequentially decrease during the flue gas drying process. For a more detailed assessment, a broader experiment is needed.
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V. Ramanauskas, E. Puida, G. Miliauskas, L. Paukštaitis
EXPERIMENTAL INVESTIGATION OF WATER
DROPLET HEATING IN HUMIDIFIED AIR FLOW
Summary
An experimental research method and an analysis
of the results of a water droplet heating in the additionally
humidified air flow are presented. The variation of the thermal state of convectively heated water droplets are determined. In the gas flow the factors determining the phase
change regimes of a water droplets are the humidity of the
air and the initial temperature of the water. The influence of
initial water temperature on the thermal state of a droplet in
transient phase change regime is experimentally substantiated.
Keywords: additionally humidified air, water droplet heating, experimental investigation.
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