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Experimental studies are conducted to investigate the effect of mist on the spray heat transfer in the cooling of a

low-carbon steel cylindrical surface heated to the nucleate boiling temperature range.Multiple tests are performed to

investigate the effect of the liquid mass flux, liquid-to-air loading, spray speed, and droplet size on the spray heat

transfer along the circumference of the annulus cylinder. Infrared imaging is used to visualize the spray flow around

the heated cylinder. Operating conditions for the air–mist spray cover variations in spray speed from 18 to 44 m=s,
liquid mass flux from 0 to 1:54 kg=m2 � s, and critical surface heat flux temperature from 123 to 130�C. The spray

local heat transfer coefficients were obtained at various angular positions along the cylinder surface. The tests reveal

that, with the introduction of a small amount of water in the spray, the heat transfer is dramatically increased. The

sprayheat transfer effectiveness decreaseswith the increase in thewatermassflux.As a result, dilute sprays aremore

desirable than dense sprays in achieving higher heat transfer effectiveness and better efficiency for water utilization.

The tests also reveal that, for the same spray speed andmean droplet flux, spray heat transfer effectiveness decreases

with the increase in droplet size. The results of this study shall lead to abetter understanding of the usage of dilute air–

mist sprays in optimizing the cooling on a cylindrical surface.

Nomenclature

As = cylinder outer surface area, m2

Bi = Biot number
c = low-carbon steel specific heat constant, J=kg � K
Dnoz = nozzle exit diameter, m
Do = cylinder outer diameter, m
d = median droplet diameter, �m
G = liquid mass flux, kg=m2 � s
�ha = air surface average heat transfer coefficient, W=m2 � K
hfg = latent heat of vaporization, J=kg
hs = spray (air and mist) heat transfer coefficient, W=m2 � K
�hs = spray average heat transfer coefficient, W=m2 � K
ka = thermal conductivity of air,W=m � K
kl = thermal conductivity of liquid water,W=m � K
m = cylinder mass, kg
N = mean droplet flux, 1=m2 � s
Nus = spray Nusselt number
Pa = air pressure, psi
Pra = Prandtl number for air
q00 = heat flux,W=m2

ReDo = Reynolds number for water flow over a cylinder
Rel = Reynolds number for water flow at the nozzle exit
T = temperature, �C
Ts = surface temperature, �C
T1 = ambient (air) temperature, �C
t = time, s
Vs = spray velocity, m=s
" = spray heat transfer effectiveness

�l = liquid water dynamic viscosity, Pa � s
�l = liquid water density, kg=m

I. Introduction

C OOLING by air-assisted water sprays has been commercially
used inmany industrial applications because of the heat transfer

benefits it has shown over conventional forced air. These applications
include glass tempering, electronic chip cooling, and air–mist
cooling of agricultural products. Several investigators have studied
the heat transfer from a heated cylinder aligned normal to a flow
stream of air and water droplets. Hodgson et al. [1] andMednick and
Colver [2] used large droplets with an average size of 360 and
1200 �m, respectively, in their air–water spray cooling of cylinders
held at constant temperatures. Kosky [3] used steam (around 100�C)
with air that is swept across a roughened heated tube, but therewas no
mention of the size of the water droplets used in the study. Basilico
et al. [4] conducted tests on a cylinder heated to 40�C using air mist
with a Sauter mean diameter of 9:25 �m, whereas Sabri et al. [5]
conducted air–mist studies using droplets with an average size of
20 �m. Aihara et al. [6] used sprays that disperse droplets with an
average Rosin–Rammler diameter ranging from 105 to 168 �m in
the cooling of a cylinder heated to around 60�C. Trela and
Mikielewicz [7] investigated the rivulet formation on a slightly
heated cylinder (30–50�C) using air-assisted water sprays with
dropletswith a Sautermean diameter of 80 �m. Han et al. [8] derived
an analytical solution for the convective transport process in the
flowfield around a cylinder. Allais et al. [9] conducted a study on the
cooling of agricultural products by simulating the air–mist cooling of
a cylindrical surface heated to temperatures less than 60�C using
droplets with a Sauter mean diameter of 30 �m. Yoon et al. [10]
conducted a study on the rebound and sticking of water droplets on a
heated cylinder, but no heat transfer analysis was conducted. Recent
experimental studies were conducted by Chen et al. [11,12] on a flat
metallic surface to isolate the effect of droplet parameters such as
droplet size, velocity, andmass flux on the spray critical heat flux and
heat transfer effectiveness. Their results show that, to maximize the
spray critical heat flux, it is desirable to use nozzles that produce very
fine droplet sizes with high impinging velocities. However, very few
researchers have conducted experimental studies on cylindrical
surfaces for the heat transfer in the nucleate boiling region using
sprays with various size droplets, water flow rates, and liquid-to-air
loadings.
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Droplets’ impaction onto the target surface is strongly influenced
by the liquid-to-air loading ratio in the spray. This is defined as the
ratio of the water to air mass flow rate. The size of the water droplets
produced by a nozzle dispersing air mist is controlled by the nozzle’s
air and water operating pressures. Small size droplets can be
generated by either increasing the air pressure while decreasing the
liquid pressure, or by increasing the air flow rate while decreasing
the liquid flow rate. An increase in the pressure difference between
the liquid and air streams results in an increase in the relative
velocity between them. This leads to an increase in the shear force
acting on the liquid film, and as a result, finer droplets can be
generated. Increasing the air mass flow rate while keeping the water
mass flow rate the same will result in an increase in the droplets’
momentum, which will lead to an increase in the droplets’ impaction
efficiency on the target surface [13].

There is supporting evidence that shows the droplet size in the
spray has a strong effect on the heat transfer enhancement [13–15].
Droplets impinging on the surface with a higher momentum result in
better cooling due to the increase in the droplet spread on the surface.
However, if the droplets are too large and the water flow flux is large
enough, there is a risk that water flooding may occur on the surface.
On the other hand, smaller size droplets have a better chance of
evaporating on the surface if theymake it to the surface. However, the
impaction efficiency of small-size droplets is very low due to the
increase in the number of droplets drifting away or evaporating
before hitting the surface. Therefore, to maximize the droplets’
impaction and heat transfer effectiveness, an optimal spray droplet
size has to be employed. The selection of this optimal droplet size
depends on the spray (water and air) flow operating conditions,
ambient temperature, relative humidity, and the location of the nozzle
with respect to the surface [13]. An increase in the nozzle-to-surface
distance will result in a decrease in the droplet impaction velocity
(and, therefore, in a decrease in the droplet incoming momentum)
due to the longer time the drag force will be acting on the airborne
droplet. An increase in the relative humidity will result in a decrease
in the droplets’ evaporation rate, and therefore, smaller droplets will
have a better chance reaching the target surface.

The heat transfer associated with the spray cooling of a heated
surface can be empirically evaluated using an effectiveness param-
eter. This parameter relates the amount of heat removed by the spray
to the maximum possible heat transfer that can be achieved when the
liquid droplets completely evaporate. The spray heat transfer effec-
tiveness is expressed as

"� q00

Ghfg
(1)

Sprays using air and water are more efficient than those using
water alone. This is because air injected with water increases the
droplets momentum and enhances the impaction. The more the
droplet spreads during impaction, the higher the spray heat transfer
effectiveness is, due to the increase in the contact interface between
the liquid droplet and the solid surface. For sufficiently high
incoming droplet momentum, better droplet-to-surface contact and,
therefore, better surfacewetting can be established as long as surface
flooding is minimized. Surface flooding is detrimental to the heat
transfer effectiveness due to the increase in droplet-to-droplet
interaction.

The objective of this research is to conduct experimental param-
etric studies to investigate the effect of the spray operating conditions
on the heat transfer enhancement in the cooling of a cylindrical
surface heated to temperatures in the nucleate boiling region. Besides
the spray droplet size, test measurements will show the dependency
of the air–water spray heat flux and heat transfer effectiveness on
other factors, such as the liquid-to-air loading, liquid flow flux, and
spray speed.

II. Experimental Setup

Figure 1 shows the overall experimental system setup. The water
used in the conducted tests has been treated by reverse-osmosis

cleaning. A digital gear pump by Cole–Parmer (micropump gear
model no. 75211) increases thewater pressure to a level necessary for
spraying. The gear pump provides a continuous water flow rate that
ranges from 15 to 940 mL=min. The water is controlled and
regulated by a three-way solenoid valve (controlled by an electrical
switch) and a regulator. The three-way solenoid valve has air running
through it. Once the solenoid is actuated, it allows air to reach the
upper inlet of the nozzle and opens the valve for water to flow
through. Air at a 120 psi maximum pressure is provided to the lab by
an air supply line from a compressor placed outside the lab building.
The air pressure is regulated before entering the nozzle air chamber,
and air is controlled by a two-way solenoid valve that is activated by
an electrical switch. Flow and pressure gauges are installed on the air
and water pipe lines.

The nozzle system consists of an air-actuated nozzle body
assembly (Spraying Systems, Inc. part no. 10535-1/4J) and a spray
setup fixture consisting of air and fluid caps (Spraying Systems, Inc.
part no. SU11). The orifice diameter of the nozzle exit is about 1mm.
This particular nozzle provides a spectrum of droplet sizes ranging
from5 to 100 �. The size of thewater droplets produced is controlled
by the nozzle operating flow conditions and the liquid-to-air loading
ratio. Smaller-size droplets can be generated by increasing the air
pressure while decreasing the liquid pressure and vice versa.

The test section consists of a low-carbon steel annulus cylinder,
situated at a distance of 10 cm below the nozzle. The cylinder outer
diameter is 38 mm and the inner diameter is 28 mm. Eight holes
(2mm in diameter and 76mmdeep) are drilled into the cylinder wall.
Figure 2 shows a close-up view of the location of the drilled holes
along the cylinder wall. The cylinder is heat treated to minimize
oxidation from the water in the spray. A cartridge heater (around
64mm in length) is installed inside the cylinder. Eight thermocouples
of type K are imbedded inside the drilled holes to record the
temperature variation during the air–mist surface quenching. An
additional thermocouple is cemented onto the cartridge heater

Fig. 1 Overall experimental system setup.

Fig. 2 Arrangement of the drilled holes on the test cylinder.

ISSA, HUNT, AND DAVIS 457



surface to control the temperature setting of the heater. Two more
thermocouples are also used to record the incoming air and water
temperatures. All thermocouple wires are connected to a data-
acquisition device (Omega OMB-CHARTSCAN-1400), which in
turn is connected to a portable computer that records the temperature
data on the hard disk drive at a sampling rate of 1 data point per
second. Table 1 shows the test cases conducted in this study. TableA1
shows the uncertainties in the experimental data.

An infrared camera (FLIR Systems, Inc., ThermoVisionA40) was
used to take thermal images of the air–mist spray around the heated
cylinder, and some of the test cases are presented in this study. The
colors in the infrared images are not intended for temperature
evaluation, but only to visualize the spray flow around the cylinder.
The air–mist spray is shown in black, in contrast to the heated
cylinder that is shown inwhite. Figure 3 corresponds to test case 3, in
which the spray speed is 18:3 m=s, thewater flow rate is 0.5 gph, and
the droplet size is 60 �m. With this dilute spray, the infrared image
shows the air–mist spray impinging at the forward part of the cylinder
surface, while the rear part remains unwetted. During the test, vapor
was seen to be generated from the droplets impaction. Figure 4
corresponds to test case 13, in which the spray speed is 43:6 m=s, the
water flow rate is 2 gph, and the droplet size is 65 �m. This is amuch
denser spray, and the thermal image shows more water engulfing the
cylinder at the forward and at the rear part as well. The incoming
spray and the generated vapor is shown to be pushed downstream by
the incoming air–mist flow. The spray angle at the nozzle exit is also
shown to increase with the increase in the water flow rate.

III. Results and Discussions

A. Heat Transfer Test Measurements

The air velocity at the nozzle exit is measured using a high-speed
anemometer. The spray velocity is shown to increase from 18.3 to
43:6 m=s as the air pressure increases from 5 to 30 psi (Fig. 5). In this

study, a full conical spray is injected onto the outer surface of the
38 mm low-carbon steel cylinder shown in Fig. 2. For the test cases
that are conducted, the nozzle spray exit angle is around 13 deg. Tests
conducted by the nozzle manufacturer (Spraying Systems, Inc.)
show the spray angle to increase slightly by few degrees with the
substantial increase in either the liquid or air flow rates. Figure 6
shows the effect of the nozzle flow operating conditions on the
median droplet diameter in the spray tests. This data is adapted from
studies conducted on this type of nozzle at the Spraying Systems, Inc.
research facility [16].

To minimize the effect of surface oxidation, the test cylinder is
cleaned with emery paper and liquid cleaner before each test case to
remove any oxide depositions that buildup on the surface. In all test
cases, the cylinder surface is heated to the critical heat flux

Table 1 Test cases operating conditions

Case Pair, psi (MPa) Pwater, psi (MPa) Vs, m=s Water flow rate,
gph (m3=s)

Liquid-to-air
Loading

Median droplet
diameter, �m

1 5 (0.034) —— 18.3 0 —— ——

2 5 (0.034) 3 (0.021) 18.3 0.25 (2:6 � 10�7) 15.8 44
3 5 (0.034) 9 (0.062) 18.3 0.5 (5:3 � 10�7) 31.6 60
4 5 (0.034) 11 (0.076) 18.3 1.0 (1:1 � 10�6) 63.0 70
5 5 (0.034) 14 (0.097) 18.3 1.5 (1:6 � 10�6) 94.8 85
6 10 (0.069) —— 24.7 0 —— ——

7 10 (0.069) 10 (0.069) 24.7 0.5 (5:3 � 10�7) 23.3 53
8 10 (0.069) 14 (0.097) 24.7 1.0 (1:1 � 10�6) 46.6 63
9 10 (0.069) 16.5 (0.114) 24.7 1.5 (1:6 � 10�6) 70.1 77
10 30 (0.207) —— 43.6 0 —— ——

11 30 (0.207) 24 (0.165) 43.6 1.0 (1:1 � 10�6) 26.4 42
12 30 (0.207) 29 (0.200) 43.6 1.5 (1:6 � 10�6) 39.7 53
13 30 (0.207) 33 (0.228) 43.6 2.0 (2:1 � 10�6) 52.8 65

Fig. 3 Infrared image of the spray flow (test case 3).

Fig. 4 Infrared image of the spray flow (test case 13).
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temperature ranging from 123 to 130�C. Thermocouples of type K
are imbedded inside the eight holes drilled along the cylinder wall.
The thermocouple wires are insulated using glass braid material to
withstand the high temperatures. The temperature time history of the
thermocouples is recorded using a digital data-acquisition system.At
the beginning of each test case, the cartridge heater is turned on, and
after a steady-state temperature is reached at the outer surface, the
air–mist nozzle is turned on. Air and water flow rates are turned off
once the cylinder surface reaches a steady-state temperature again.

The annulus cylinder is made of low-carbon steel material, which
has a high thermal conductivity. Because of that, and for the amount
of water mass flow rates used, the Biot number associated with the
air–mist spray is less than 0.1 in all the conducted cases. Therefore, it
is reasonable to assume the lumped capacitance method to be valid in
the evaluation of the air–mist heat transfer coefficient, and the inverse
conduction method is not necessary:

mc
dT

dt
� hsAs�Ts � T1� (2)

Test results for the cases in which air alone is flowing over the
cylinder compares well (within 5% error) with the empirical
correlation given by Hilpert [17] for the air heat transfer coefficient:

�h a � 0:027
ka
Do

Re0:805Do
Pr0:805Do

(3)

The local air–mist heat transfer coefficient is calculated for the
eight angular positions on the cylinder surface and the results are
shown in Table 2. For certain flow conditions (such as cases 2 and 3),
a negligible amount of water spray is seen during the test to hit the
surface at thermocouple location 5,whereas for otherflow conditions
(such as cases 12 and 13), water is seen to engulf almost the complete
cylinder perimeter. In all cases, the heat transfer coefficient
associated with location 5, which is at 180 deg with respect to

location 1, has the lowest measurable value. There is a slight offset in
the calculation of the spray heat transfer coefficient between hole
locations that are symmetrical to each other due to the slight error in
drilling the holes and in the positioning of the thermocouples into the
holes.

In Fig. 7, a comparison is made between the test cases in which air
and water are both being dispersed. The test results show the heat
transfer coefficient to be highest at the stagnation point; it gradually
decreases as the hydrodynamic boundary layer develops over the
cylinder surface. Quantitatively, the heat transfer coefficients (shown
in Table 2) improve dramatically with the presence of mist. For
example, at a 24:7 m=s spray velocity, the introduction of 1 gph
(0:77 kg=m2 � s) will increase the heat transfer coefficient by a factor
ofmore than 4 at the stagnation point on the cylinder surface (directly
below the nozzle exit) compared to cooling by air alone.

An average spray Nusselt number, �Nus, over the cylindrical
surface is calculated from the arithmetic average of the eight local
heat transfer coefficient values along the circumference. The
following empirical correlation is obtained between the spray

Nusselt, �Nus, and Reynolds numbers for water, Rel:

�Nus � 0:0109Rel � 7:53 (4)

where

�Nus � �hsDo=kl (5)

and

Rel � �lVsDnoz=�l (6)

The characteristic length used in the definition of the Reynolds
number is taken to be the nozzle exit diameter, Dnoz, whereas the
characteristic length used in the definition of the Nusselt number is
taken to be the cylinder outer diameter, Do. Test data for the spray
average Nusselt number versus Reynolds number for water are

Table 2 Experimental results for the spray heat transfer coefficient at various angular positions

Case h1,W=m
2 � k h2, W=m

2 � k h3,W=m
2 � k h4, W=m

2 � k h5, W=m
2 � k h6,W=m

2 � k h7, W=m
2 � k h8,W=m

2 � k
1 109 104 97 92 89 94 99 105
2 300 187 132 106 89 95 119 161
3 559 452 255 221 201 213 259 456
4 711 555 323 277 244 271 328 564
5 932 672 361 297 301 289 365 658
6 118 106 99 93 90 95 101 108
7 537 443 257 218 198 211 254 440
8 678 523 302 261 235 268 314 519
9 970 688 370 291 283 288 375 671
10 151 141 132 124 120 125 134 142
11 624 505 328 281 240 275 337 500
12 746 710 448 384 356 377 444 699
13 1207 1012 618 489 436 473 610 973
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shown in Fig. 8. It is observed that the spray average Nusselt number
increases almost linearly with the water Reynolds number. This is
attributed to the fact that, for the low water mass flow fluxes of the
experiments, the spray behaves close to an ideal spray.

Figure 9 shows the spray average heat transfer coefficient versus
liquid-to-air loading. Experimental results are shown for spray
speeds of 18.3, 24.7, and 43:6 m=s. The increase in the heat transfer
coefficient at high liquid loadings and spray speeds is due to the
ballistic impaction of the air–mist spray causing a tremendous
increase in the number of satellite droplets generated during
impaction at the surface. This has a favorable effect on enhancing the
surface heat transfer because it is much easier for satellite droplets to
evaporate and cool the thermal boundary layer on the surface. The
results in Fig. 9 also show that, as the spray speed increases from 18.3
to 43:6 m=s, the spray heat transfer coefficient considerably
increases. Droplets with higher impinging velocities tend to spread
more at the surface. The more the droplets spread at the surface, the
higher the heat transfer is.

Data gathered from the performed tests are further analyzed. The
calculated spray liquid flow flux, G, spray critical heat flux, CHF,
spray heat transfer effectiveness, ", and mean droplet flux, N, are
presented in Table 3. The relation between G and N is based on the
following:

G� �l
�d3

6
N (7)

B. Effect of Liquid Flux and Spray Speed on Heat Flux

The most conventional way to show the expected behavior of the
spray is to plot the spray heat flux against the liquidmass flux. This is
because the liquid mass flux has the strongest influence on the spray
heat transfer. Figure 10 shows the spray critical heat flux at the
stagnation point as function of the liquid mass flux for a spray speed
that is varied by a factor of 2.4, a median droplet size that is varied by
a factor of 2, and a fairly constant droplet temperature. The data

indicate that the heatflux strongly increaseswith the liquidmassflux.
The spray behaves almost like an ideal spray, for which the increase
in the spray heat flux with respect to the liquid mass flux is close to
linear. This is because, for the conducted tests, the liquid mass flux
was less than 2 kg=m2 � s, and dilute spray conditions prevailed. This
effect was noted by Deb and Yao [18], who recommended the cutoff
of 2 kg=m2 � s for surface flooding.

Figure 11 shows the effect of the variation in the spray speed on the
spray critical heat flux at the stagnation point. Experimental results
are shown for two cases in which the spray median droplet diameter,
d, is maintained at approximately 50 �m	 10% and also at
70 �m	 13%. For these cases, the corresponding mean droplet
flux,N, is more relaxed at 8:1 � 109 1=m2 � s	 73% and 6:34 � 109

1=m2 � s	 61%, respectively. Holding the droplet diameter almost
constant, the critical heat flux is shown to increase by almost a factor
of 2 as the spray speed increases from 18.2 to 43:4 m=s. It is also
noticed that decreasing the droplet size from 70 to 50 �m resulted in
an increase in the spray heat flux by at least a factor of 1.5. This
inverse relationship between the droplet diameter and spray heat flux
has also been noted byChen et al. [11,12] in their water spray cooling
of a flat metallic surface.

C. Effect of Liquid Flux and Droplet Diameter on

Spray Effectiveness

Thevariation in the spray heat transfer effectivenesswith the liquid
mass flux is shown in Fig. 12. The results are shown for the
performed test cases for spray droplets ranging from 42 to 85 �m,
spray velocities ranging from 18.2 to 43:4 m=s, and critical heat
fluxes ranging from 123 to 130�C. The results show the spray heat
transfer effectiveness to decrease as the liquid mass flux increases
due to the interaction that occurs between the droplets. As the liquid
mass flux increases, previous spray droplets do not have sufficient
time to get out of the way of newly incoming droplets. These newly
incoming droplets will impact any liquid water film existing on the
surface first, which decreases their momentum and increases their
temperature bymixingwith the alreadywarmer liquid on the surface.

Nus,avg. = 0.0109Rel + 7.53
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Table 3 Variation in G, CHF, ", and N for the performed tests

Case G, kg=m2 � s CHF, W=m2 " N, 1=m2 � s
1 0 1:12 � 104 —— ——

2 0.19 3:23 � 104 7.4 4:39 � 109

3 0.39 5:76 � 104 6.6 3:42 � 109

4 0.77 7:33 � 104 4.2 4:37 � 109

5 1.16 9:85 � 104 3.8 3:61 � 109

6 0 1:24 � 104 —— ——

7 0.39 5:65 � 104 6.5 4:96 � 109

8 0.77 7:25 � 104 4.2 5:92 � 109

9 1.16 1:01 � 105 3.9 4:86 � 109

10 0 1:48 � 104 —— ——

11 0.77 6:42 � 104 3.7 1:99 � 1010

12 1.16 7:87 � 104 3.0 1:49 � 1010

13 1.54 1:23 � 105 3.5 1:07 � 1010
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As a result, the spray will then begin to lose its heat transfer
effectiveness.

Figure 13 shows the relation between the spray heat transfer
effectiveness and the spray droplet diameter for a fairly constant
spray speed and mean droplet flux. Results are shown for three
conditions: 1) a spray speed of 18:3 m=swith a corresponding mean
droplet flux of 4:38 � 109 1=m2 � s	 0:35%, 2) a spray speed of
18:3 m=s with a corresponding mean droplet flux of 3:52 � 109

1=m2 � s	 3:9%, and 3) a spray speed of 24:7 m=s with a
corresponding mean droplet flux of 4:91 � 109 1=m2 � s	 1:5%.
The results show a decrease in the spray heat transfer effectiveness
with an increase in the droplet diameter. This is in agreement with the
predictions of Chen et al. [11], who also reported that smaller
droplets have higher cooling effectiveness than larger droplets.

IV. Conclusions

Experimental studies were conducted for the air–mist spray
cooling of a low-carbon steel annulus cylinder heated to temperatures

in the nucleate boiling range. Experiments were conducted to
investigate the air–mist cooling of the heated cylinder at atmospheric
pressure. Multiple tests were performed to investigate the effect of
the liquid mass flux, liquid-to-air loading, spray speed, and droplet
size on the surface heat transfer. An infrared camera was used to
visualize the spray flow over the cylinder. The major conclusions of
this study are as follows:

1) Heat transfer coefficient and heat flux are dramatically
increased with the introduction of mist with air.

2) The spray heat transfer coefficient increases with both the spray
speed and the liquid mass flux.

3) Spray heat transfer effectiveness decreases with the increase in
the water mass flux. Dilute sprays are more desirable for achieving
higher heat transfer effectiveness and, therefore, result in better
efficiency of liquid use.

4) The critical heat flux increases with spray speed while holding
the spray droplet size and mean droplet flux within a narrow range.

5) For the same spray speed and mean droplet flux, the spray heat
transfer effectiveness decreases with the increase in droplet diameter.

6) Wetting of the back surface of the cylinder increases with the
increase in the liquid mass flux.

Appendix A: Uncertainties in the Experimental Data
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Table A1 Uncertainties in the experimental data

Variables Uncertainty

Measured variables

Temperatures (K-type thermocouples) 	1:1�C
Air pressure 	3%
Water pressure 	3%
Air flow rate 	3%
Water flow rate 	0:3%
Dimensions 	0:03 mm
Properties Negligible
Calculated variables

Air–mist heat transfer coefficient 	9%
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