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Effect of surrounding parameters on the surface
wetting by droplets
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Abstract
The paper presents results of experimental research that enables estimation of the effect of
surrounding parameters on the surface wetted by a liquid droplet, Surrounding is composed of
a system of a so]id body surface and gas phase. In research, liquid droplets were introduced
to the surrounding, as understood above. Dynamic spreading of droplets of water, aniline, and
benzene, respectively, was considered in the paper. Analysis concerned the process of droplet
spreading on three kinds of wall surfaces, that is, for surfaces made of: 1Hl8N9 stainless steel,
CuCrlZr copper alloy, and ordinary glass, respectively. The surfaces were characterized with
various va]ues of roughness,

Keywords: Surface wetting; Droplets; Spreading process

Nomenclature

c - specific heat, J/(kg K)
C parameter, Eq. (2)
Ca - capillary number, Pq, (0)
d diameter of droplet in atomization, m
D - diameter of wetting area, m
9 - gravity, m/s2
H - height, m

*Corresponding author. E-mail address: zbigniew.zapalowicz@ps.pl
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Subscripts

dimensionless mass flux of vapor
partial pressure, N/m2
roughness parameter
Reynolds number, Eq. (5)
temperature, "C
absolute temperature, K
contact velocity, m/s
volume, m3
Weber number, Eq, (ł)
spreading coefficient, Eq. (t)
coefficient, Eq. (1a)

thermal conductivity, W/(rn K)
kinematic viscosity, m2/s
density, kg/m3
surface tension, N/m

contact
gaS

1iquid
maximal
saturation
surface, wall
vapor
wetting
initial
infinity
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Phenomenon of wetting the solid body surface by liquid droplets is being often
applied in various heat and mass transfer technologies [4,5]. Data concerning
the wetting process is relevant, among others, in the process of coating various
surfaces of solid bodies. In such a case, optimization of the dropper opelation
allows to save on the component used to coat the surface. In turn, in thermal
engineering) stleams of droplets directed on the heated sulface of a solid body
ale due to form a thin liquid film, and dropper operation, as v/ell as application
of cooling liquid, are expected to provide a continuous film of liquid and prevent
the formation of dry areas on the surface. Wide range of parameter changes
concerning the interaction of droplets with the surrounding impedes the creation
of a generaiized description of the phenomenon,

Present paper shows the analysis of effects of surrounding parameters, (pa-
rametels of humid air), on the size of wetting area of the surface wetted by a
Iiquid droplet. Surrounding is understood here as a system: solid body surface

gas phase. Liquid droplet was introduced to the system and the process of



trffect of surrounding parameters on the surface. , .

r,ts dynamic spreading was analysed. Some initial TeseaTch results are given in
papers |17-25].

Droplet, after its contact with the solid body surface) spreads on it. Charac-
teristic state of droplet spreading is the phase where the liquid covels the maximal
area of the solid body surface. The wetting alea can be estimated by means of
ryreading coefficient defined as ratio of spreading area diameter to diameter of
elrop}et in atomization:

0":Ł (1)
d,g'

}Imt of all, chemical and physical properties of phases in contact, as well as initial
tlroplet energy in the moment of its contact with the surface, decide about the size
,Ń the wetted area. The main parameters are: kind of liquid and its temperature,
.-"rrłterial of surface and its initia] temperature, oxidation and, roughness, etc.

Trela proposes parameter C defined with the formuia [11]:

C- jul - Ounł
(2)

ro be applied for description of the phenomenon. Parameter C depends on forces
fu the system: droplet - surrounding, on both macroscopic and microscopic levels.
The parameter is a function of surface tensions on borderlines of particuiar phases.
Determination of values of the above parameter is the main objective of the
present research.

On the other hand, the range of droplet spreading is determined by its initial
€nerg-y, that is, by droplet energy in the moment of its contact with the wall
srface and its transformation into other forms of energy during the process of
Jquid spreading.

Paper [17] presents the specific assumptions and the simplified model for the
§quid droplet spreading process. It is assumed in the model, that droplet is a thin
disc in the state of its maximal spreading, and dissipation of the liquid, induced
b1- droplet viscosity, occurs in the process of its spreading. Solutions of equations
of mass and energy conservation allows to form the following final relation:

[rr,*c) ++] ff_ (12+we) 0+8:o (r)L r/Re_l

ł-here droplet initial energ-y is characterized with Weber number given with the
formula:

We: pt do u3

0lu

in turn, energy dissipation,
Reynolds number:

ol",

resulting from liquid viscosity,

(4)

is characterized with

uo do

uI
Re: (5)
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Quotient of the above numbers is a capillary number defined on the basis of
contact velocity:

(6)olu R.epl Ul

In this papel it has been proposed to use Eq. (3) for calcu]ation of coefficient C,
ri-hen the remaining parameters for the equation are known.

If the surface of solid body remains for a longer period in contact only with
the gas phase, then as a result of mutual mo]ecule exchange between the phases,
a thin liquid fiIm can form. The film forms in the vicinity of the solid body
surface as a result of adsorption of molecules in the gas phase. Intermolecu]ar
forces are responsible for the formation of liquid microfilm. The forces provoke
additional pressure that is called "disjoining pressure". Increase of liquid pressure
on the surface in the liquid-gas inter-phase to the pTessure value of the gas phase
prevents evaporation of the liquid microfi]m [10, 12].

Liquid microfilm on the solid body surface has a relevant effect on the liquid
droplet spreading process. Covering the surface of the solid body with liquid
nricrofiIm acts in favour of better droplet spreading. In turn, absence of liquid
nicrofilm makes it necessary to create the fi]m in the vicinity of the front of
droplet spreading, prior to the spreading process. In this case) a part of energy is
consumed to create the liquid film, and thus droplet spreading area is sma]ler. A
nicroscopic region (Fig. t) occurs between droplet and absorbed liquid film. It is
characterised with the change of curvature of the liquid-gas interfacia] surface by
a few orders of magnitude. Phenomena of adsorption and desorption, as weil as
er-aporation and condensation, that occur in the above region, affect the plocess
of iiquid droplet spreading |1, 3, 6-8, 10, 13-16].

Figure 1. Liquid-gas interfacial surface for droplet.

In practical conditions, technical plocesses where humid air is the surrounding
of solid body surfaces occul most often. Gajewski and Trela [2] proposed a
description of the effect of the humid air parameters by means of parameter ly'.
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This parameter is dimensionless mass stTeam of vapor exchanged between the
lhin liquid microfilm and the surrounding. The palameter relates to the effect
łf both partial pressules and temperatuTes on the stleam of exchanged mass of
iapoT:

ly':l_Tt,p"o(T,,o). /ź\
Tr*, Pr|n(]'ń ' (/]

It n-as presumed in paper |2], that a small overheating of the liquid occurs, and
lhis fact confirms the validity of the following assumption:

Ttr: Tu-

lben the trq. (7) is in the form:

ĄI _ 1 P*o(Tu*)N:l (9)

Determination of temperature on the surface in the liquid-gas interfacial surface
:s \€ry difficult. Because of that, it has been assumed that interfacial surface
:emperature equals the liquid temperature and the liquid temperature equals, in
:-rrn. the wall surface temperature:

(8)

nad thus

unce the next equatlon:

Ttu:Tt:T_

Prm (Tm) : Puln Qt) : Pu-, (T-)

(10)

(1 1)

Ar . Pux (ą".) . Pox, (ą-)
-_ _

P"m (Tt) Pu-n (T-)
(12)

Fapers [18-25] show that parameter ly' , defined with the formula (12), correctly
1ccribes the effect of changes of surrounding parameters on the surface wetting
mnditions described by means of parameter C. If values of parameter l/ are
smaller than zero, then condensation of water vapor from the surrounding air
}cturs on the liquid-gas interfacial surface. If 0 < N ( 1, then process of liquid
:taporation from the interfacial surface occurs. Zero value of parameter ly' means
:Lat neither condensation nor evaporation occur. In turn, if condition N:1 is met,
fi-ater evaporation is most intensive.

2 Testing stand and research methodology
Lrperimental research has been carried out on modified research stand, described
3 paper [18]. Fig. 2 shows the scheme of testing stand. The main element of the
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stand v/as hygrometric cabinet with an electric heater inside. Liquid droplets with
given volumes were dropped by means of an automatic pipette on the top, hor-
izontal surface of a sleeve with diameter of 20.10-3 m. The exchangeable sieeve
n-as placed on the heating element. Just under the test surface of the sleeve, two
Cu-Const thermocouples were mounted. One of them controlied the temperature
reguiator and thus the power of heater could be controlied. The other one was
the measuring thermocouple that made it possible to determine the solid body
surface temperature (accuracy +0.5oC [26]). Its indications were remitted to the
rniilivoltmeter and to the data acquisition system. In order to measure temper-
ature and air humidity inside of the cabinet, a thermohygrometer was applied
(accuracy: +0.2oC and 2%). Additionally, the surrounding air temperature was
measured by means of a mercurial thermometer (accuracy *0.1oC ). In order to
measure the air parameters outside the cabinet, a mercurial thermometer (accu-
racy t0.1"C ), Assmann psychrometer (accuracy Ł1%), and mercurial barometer
(accuracy *0.1mmHg) were applied. The liquid droplet spreading process was
registered by means of a video cameTa.

Experimentai research was carried out in three stages. In the first stage, it
was investigated how surrounding parameters and the kind of materia] tn'e surface
lvas made of influence the water droplet spreading plocess. In the next stage, it
rvas analysed how temperature and humidity of the air, as well as the roughness
of the wall surface affect the spreading of water droplets. Spreading processes for
a few chosen liquids (water, aniline, benzene) on the same surface, by changing
parameters of humid air, were under research in the third stage.

Liquid droplets' spreading plocess was carried out on surfaces made of 1Hl8N9
stainless steel, made of ClCrIZr coppel alloy, and of ordinary glass, respectively.

Surfaces under research were characterized with various values of roughness,
according to treatment methods, In case of the sleeve made of 1H1BN9 steel,
its measuring surface v/as plepaled in three ways of technological processing:
turning, grinding with the magnetic grinder, polishing - first with the small-
graded sand paper and then with the polish. Measuring surface of the s]eeve
made of CuCrl,Zr copper alloy was prepared in two ways: turning and polishing.
In case of glass, the surface was not prepared. For a]l surfaces under research,
roughness measulements of tested aleas weTe made by means of profilometer.
Results of these measulements are presented in Tab. 1.

Surfaces of sleeves, after they had been prepared for experiments, were scoured
with a detergent to get rid of mechanical impurities and particles of the polish.
Next, the_v were washed thoroughly with distilled water and dried. A day before
measurements. each from the surfaces chosen for measurements was additionally
washed with distilled water and dried with soft cosmetic pads. Basic measure-
ments were carried out 12 hours after the above activities. In the above time. the
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Table 1. Characteristic parameters of roughness for surfaces under research.

--. _ rghness
: 1:ameters

Surface material and treatment [10-6 m]

1Hl8N9 CuCr7Zr Glass 1Hl8N9 ClCrlZr 1Hl8N9 1Hl8N9

polishing polishing polishing polishing turning grinding

P1 Pz Ps Pł Ps Po Pł

2.59 0.79 1.04 1.00 I.74 19.54 6.94

I.47 0.41 0.34 0.68 0.75 I5,47 5.46

2.05 0.56 1.03 0.82 0,96 17.38 6.75

i,.-so 2.8B 1.01 1.58 1.09 I.24 20.28 7.38

0.30 0.07 0.08 0.I2 0,I4 3.96 1. 16

":l 4.7Ą I.25 2.63 1.30 I.47 2L.61 7.85

" -:€tl1: solid body surface humid air reached slowly the state of quasi -stated
,-" ___ibrium.

For the given liquid, experiments were made for droplets with the same vol-
l-::§. On the basis of initial measurements, the droplet volume was determined,
,- ;,,-hich droplets dropped from the pipette by means of theil own weight. In
,;-t of water and aniline, the volume equalled 76 : (15.0 + 0.1) .10-9m3, and the
.,,.llle of benzene droplets was equal to I/6 : (B + 0.1) . 10-9m3. It was assumed

l:.: droplets were regu]al spheles in the air, before their contacted the surface.
l,_,;s diameters of droplets in atomisation equalled: do - (3.060 + 0.007) . 10-3m

: ;-ater and aniline, and d6 : (2.48 + 0.01) . 10-3m for toluene.
Pipette ending was placed in chosen heights in re]ation to the tested alea of

:-: :leeve. Height changes were within the range: (2.4 + 9.0) . 10-3m. The initial
_: . )let velocity was assumed to be zero, because the droplet dropped by its own
ll -,.:ht. It was also assumed that the transformation pTocess of dropłet potential
, -_-::g}- into its kinetic energy occurred in the moment of its contact with the
-'-::ace. On the basis of the above assumptions, droplet velocity in the moment
'_:s contact with the surface was determined:

ug: łW. (13)

;.-arch was carried on for the non-heated surface, and for the surface with the
L;*:_al tempelatule of approximately 50oC . The value of air relative humiditv
;-.._ je the hygrometric cabinet was a]so a controlled parameter, It was controlled
], fleans of changes of the humidifying system.

The measuring procedure is shown below. A day before the measurements the
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Figure 2. Scheme of testing stand: 1. higrometric cabinet (type SH-l); 2. heater; 3. thermo-
couple Cu-Const; 4. temperature controller (type GCD); 5. dish with ice; 6. data
acquisition system (type Therm 5500-3); 7. PC computer; 8. automatic pipette; 9.

control system of the pipette; 10. digital camera (type Fastcam-PCl 500); 11. moni-
tor; 12. mercurial thermometer; 13. mercurial barometer; 14, humidity meters (types
LB701 and HT3003), 15. mi]Iivo}tmeter (type V53a); 16. tested area of sieeve,

tested suTface was prepared (cleaning, drying). For research on the non-heated
surface, and for cullent paTameters of the humid air, it \Mas only proved if the
measuring system leached the quasi-stated state and then the first measurements
were done. In case of measurements on heated surface) the heating system was
set in opeTation and so contro]led that the system surface - surrounding reached
the quasi-stated state. Then the first measurement was done. Afterwards, the
humidifying system was set in operation and time changes of characteristic pa-
rameters in the system v/ere controlled. When the above changes were relatively
small, the next measurement was done. The new state of quasi-static equilib-
rium vras reached after a few hours. Before each measurement, just before the
droplet was dropped, air humidity and air temperature both inside, as well as

outside the testing chamber were measured. Pressure of air and temperature just
under the tested aTea were also measured. Next, video camera and automatic
pipette vrere switched on. The picture was registered just before droplet reached
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,]_e surface. Picture registration rate was 500 frames per second, which means
::at pictures were registered at the intervals of 0,002 s. Obtained pictures were
::ocessed with the computer picture analysis tools. The analysis required prior
i+termination of the magnitude of picture zooming, The zooming, expressed in
: _tel to 1 mm. was determined on the basis of a fixed size of a control plate.
--'':ring the measurements, the height of the camera suspension, as well as the
__*1ght of lens were not changed and thus the zoom was a constant value. A mo-
::_ent in which droplet reached the state of its maximal spreading on the surface
:icture denoted as 0 ms in Fig.3) was searched, for in each registered cycle of
_:,:plet spreading. Diameter of maximal spreading was measured in four various
:rss-sections. Mean va]ue of droplet spreading diameter D"rno, was analysed,

,:_d it was assumed that the wetting alea was a circle. In reality, the shape of
--.iting area depended on the spot in which the contact line stopped, that is, on
-:_e heterogeneity of the surface.

Diameter of the droplet in atomization d6, as mentioned before, was calculated
.: the basis of its volume 76. Droplet spreading coefficient §"*o, was determined
,,,cording to the trq. (1):

,, D"*o,
lJzmaT - ń

, : the basis of calibration characteristics of thermo-couple Cu-Const, values of
-.rrrperatures just under the tested area of sleeve. It was assumed that the above
:;rrrperatures were equal with initia] temperatures of the surface. Next, coefficient
-, n,as calctrlated:

99

(14)

",-.d then contact temperature was determined, on the basis of surface and liquid
- 
=nrperatures:

(15)

": (*#h)'''

T1 n ł T11, _-' 1-|-rc

-:ie contact temperature and parameter K were defined by Seki et al. [9].
On the basis of air temperature measurements in a significant distance from

-:_e tested area, and on the basis of contact temperature, values of respective
- rrtia] plessures were calcuiated. In order to make the calculations easier, a
._:nplified approximation equation was applied. The above equation described
:ranges of water Yapor saturation pIeSSuIe to temperature:

p : 6.t17 . 70-4+4.335 . 10-5 . ź+ 1.535. 10-6 .ł +2.446. 10-8 .t3+

+2,687. 10-10 .t4 + 3.138 . !0-12 .f [Pa]

The equation was va]id for air temperatuĘ_range t :2 ł 67"C .

(16)
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-16 ms *14 ms

12 ms -10 ms

-8 ms -6 ms

-4 ms -2 rns

-0 ms -2 ms

Figure 3. Sample cycle of droplet spreading on the surface made of 1Hl8N9 stainless steel (Pi).
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Parameter /y' , dimensionless stream
::_:crofilm and humid air, was determined

In turn, parameter C was determined

of mass exchanged between the water
from the Eq. (12).

from the modified formula (3):

C- (12+We) B B 4We
-1 (17)

,.;ter va]ues of Weber and Reynolds numbers have been determined from equa-
:_lns (4) and (5), respectively.

The methodology of evaluation of measurement erTors was presented in paper
]6'. The measurement errors for water droplets were following: LD"^u* :
=3j,7.t0-5m, Ll3"^u*.l +0.004, 

^Tc: 
+0.4gK, Aly' : 0.0010+0.0018, AWe :

-,15 + 0.09 or AWe: 7.42 +.0.10 and ARe: 735 + 23 or ARe :7280 t25.

Results of research and discussion

__- the flrst stage of research, it was analysed how parameters of humid air affected
:.e process of wetting the surface by a water droplet when the kind of material

-:.e surface was made of changed. Three of surface were under scruting: surface
-:_ade of 1H1BN9 stain}ess steel (P1), surface made of CuCrlZr copper alloy (P2),

":d surface made of common glass (P3). Detailed resu]ts are given in papers
._,t-25].

Figure 4 presents relations between water droplet spreading coefficient and
" ,rameter N for the three surfaces under research. Results of investigations were

npared in relation with two values of Weber number, and for two different
-:rtact temperatures. Straight lines were drawn, so that they connected the

-*spective measurement points and thus trends of changes of analysed parameters
lld be illustrated. Continuous lines referred to the lower contact temperatures
:,itial surface temperatures), and dotted lines referred to the higher values of

,__e above temperatures. On the basis of analysis of data shown in F'ig. 4, it could
-. stated that the influence of parameters of humid air was increasingly relevant

'' 
-_:h decreasing values of Weber number. Weber number concerned most of all

':,= effect of dropping velocity, that means, also the initial spreading velocity.
t-__1 thus, effect of the gas phase on the wetting process should be considered
- .:nly in placement process of droplet on the surface.

For We: 7.43, trend lines covered each other and they were nearly horizontal.
_ ire above fact means that parameters of the surrounding do not affect relevantly
-he process of liquid droplet spreading. In order to make the analysis of results
-: research for Weber number We:2.16. Fig.5 was plotted. It was stated that
-preading coefficient diminished with the increase of parameter ly'. Thus. mole
.:rtensive evaporation of water microfilm that formed in the vicinity of contact
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§ 
,1,8

§* 1,6

,1,4

-'-0,0 D,1 0,2 0,3 0,4 0,5 0,6 0,7 D,8 0,9 
N 

1 ,0

Figure 4. Relationship between water droplet spreading coefficient 0,^u- and parameter -Ąy' for
surfaces made of: 1Hl8N9 (Pr), CuCrlZr (P2) and glass (P3), respective}y,

area (higher value of parameter 1/ ) aggravated the conditions for water droplet
spleading on surfaces undel reseaTch. In case when temperature of the surface was
equal with temperature of the surrounding? most significant changes of spreading
coefficient for water droplet wele obselved for steel surface, whereas the smallest
clranges of the spreading coefficient v/ele observed for the glass surface. For the
heated surface, the same values of spreading coefficient for water droplet were
obtained at higher values of parameter i/.

Figure 6 illustrates the change of P" -u* spreading coemcient with coefficient
C. It shows that higher values of coefficient C relate to lower yalues of spreading
paIameter.

Figures 7 and. B present the relation between coefficients C and i/ for non-
heated and heated surfaces, respectively, for two different values of contact ve-
iocities. As it has already been menti,oned, with lower values of Weber number,
effect of humid air parameters on the wetting process is significant. Analysis of
results of research presented in Fig. 7 shows that parameter C grows with the
increase of parameter N. Linear tendency line between analysed parameters was
assumed. Thus, stronger evaporation of water microfilm resulted in the change
of surface energies (surface tensions) on borderlines: solid body - liquid, or solid
body - gas. Similar relation between parameters C a:nd ly' was obtained in case
of spreading of water droplets on heated surfaces (Fig. 8). It could be assumed
that the change of initial surface temperature changed the contact temperature,
and changed the physical parameters of media under research, as well. In turn,

1,2

1n

nfi

0,E

11 4

D,2
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i 1,8

J,',,

1,4

1,2

1,0

0,8

nF

0,4

0,2

, B,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0.8 0,s 1 ,0'N

!igure 5. Relationship between water droplet spreading coefficient 0.^a* a.Ld parameter.ly' for
analysed material of surfaces; We: 2.16.

;],re above fact affected the values of parameter C. Fig. 9 illustrates the change of
f,alameter C with parameter l/ for Weber number We: 2.16, and for two contact
:emperatures under research.

However, surfaces analysed in the first phase of measurements were chaT-

acterised with different values of roughness. Parameter R", that characterised
:he mean roughness for steel, coppel, and glass surfaces, respectively, equalled:
].59.10-6 m, 0.79.10*6m and 1.04.10-6 m, Iespectively. Because of the above
:act, a series of measulements for two materials with similar roughness was re-
peated. Surfaces made of 1Hl8N9 (Pa) steel and of ClCrIZr (P5) copper alloy
tith parameter R, equal with: 1.00.10-6; 1.14.10-6 m, respectively, were chosen
:or scruting. Figures 10-12 show the processed results of research, Measurements
t,ere carried out for initial surface temperature equal with the surrounding tem-
perature (non-heated surface). On the basis of the analysis of data shown in
Figs. 10-12, it was stated that if surfaces under research had the similar rough-
ness characteristics, effect of humid air parameters on the spreading process of
n-ater droplets was independent from the kind of material the surface was made of.

In the next phase of research, analysis of effect of humid air parameters and of
surface roughness on the size of area wetted by water droplet I24, 25] was made.
The spreading process of water droplet on the surface made of 1Hl8N9 stainless
steel was analysed. Three surfaces with various roughness values (Tab. 1) were

under research. The first surface was characterised with concentrically placed
irregularities resulting from turnins (Pa). The second surface was selected and
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then manually polished, first with sand paper, graded 400, and then with the
polishing paste (P1). In this case, irregularities v/ere random. The third sur-
face was prepared by means of a magnetic grinder and irregularities were parallel
,P;). Measurements were made for two different initial surface temperatures. In
the first case, spreading of droplets on the surface with environment tempera-
ture (non-heated surface (NH)). In the second case, surface initial temperature
equalied ca 50oC (heated surface (H)). Measurements were made for Weber num-
ber \Ye: 2.16.

Results of research are presented in Figs. 13-15. Figure 13 illustrates the
change of spreading coefficient in function of parameter ly'. On the basis of
position of measurements points and of the trend line plotted on these points,
it n-as stated that in case of turned, surfaces (P6) and ground surfaces (P7), at
enrironment temperatures (NH), effect of humid air parameters on the size of
rr-etting area was relatively small. Relation describing the change of spreading
coefficient for water in function of parameter ly' was nearly a horizontal line. In
case of polished (P1), non-heated surface (NH), spreading coefficient B" ^., 

for
§-ateT diminished with increase of parameter N. Thus, it could be stated that
for non-heated surfaces with small roughness, the microfilm that formed in the
licinity of contact line filled in "thoroughly" the valleyes in the surface. As a
result, better spreading of water was possible and spreading coefficient reached
higher values. On the other hand, if the surface was characterised with high
roughness, valleyes in the surface, even if covered with the water microfilm, were
relevant enough to restrain the droplet movement on the surface. Besides, the
spreading water was constrained to push out the air present in the valleyes of the
surface. Thus, in the latter case, effect of the microfilm on water spreading was
much lower.

For water droplets dropped on heated surfaces (H), it was stated that spread-
ing coefficient on turned surface (P6), and on polished surface (P1) diminished
with increase of parameter ly' (Fig. 13). Its value did not change for a grinded
surface. In case, when the surface was characterised with irregular roughness
(turned and polished surfaces), evaporation of water microfilm near the contact
]ine caused decrease of area wetted by ihe droplet. On the other hand, when
the roughness was regular (grinded surface), evaporation of water film had no
relevant effect on the process of water droplet spreading.

Figure 14 presents the change of spreading coefficient for water droplet in
function of parameter C. Parameter C had positive values in the range from 0.3

to 1.1. In turn, spreading coefficient 0" ^u* 
changed in the range from 0.9 to

1.4. As it is shown in Fig. 14, parameter C decreased, and spreading coefficient

§"^u* increased with lower roughness of the surface. It could also be stated that
the highest va}ues of spreading coefficient were obtained for heated, polished and
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::-nded Surface, and the ]owest values of spreading coefficient were obtained for
_:*ated, turned surface.

It could be concluded that heating the steel surface with low roughness pro-''-led the better sPreading of the water droplet, Least favourable conditions for
i-',ter droPlet sPreading occurred, on heated steel surface with high roughness.
l:le sPreading droPlet consumed a part of its energy to overmaster the irregular-
,:-':. of the surface. Evaporation of the thin water film aggravated the conditions
:_: liquid movement.

Figure 15 Presents the relation between parameters C and l/. It resu]ts from
=alvsis of trend line that parameters of humid air, characterised with parameter
,\-. affect relevantly wetting conditions (parameter C) in case of the polished
:-;lface, and of the surface that was heated after having been turned.

In the third Phase of research, it was analysed whether parameters of humid
-: could affect the ProceSS of wetting the surface, when liquids difierent from
",-ater SPread on the surface [24]. Research was carried on for aniline and benzene
::oplets. In case of benzene, it was necessary to reduce volumes of dropped
::oplets.

Before droPlets of aniline and benzene were dropped on the surface, the surface
;-as in contact only with humid air for a long time. As a result absorption
'--id desorPtion of water vapor molecu]es on the surface, a thin water fi]m could
:-'rm, Its aPPearance could affect the plocess of spreading of droplets aniline,
,: of benzene. It was the aim of research to prove if proŻesses that occurred
-r the surface before droplets were dropped could have effect on the spreading
,: droplets of aniline, or of benzene. partial plessure of vapour of the liquiJ
aniline, or benzene) equalled zero in a long distance from the liquid-gas inter_

:rase surface, because concentration of vapour of liquid in humid air also"equalled
:ie va]ue of zero. Thus, parameter iy', according to Eq. (12), acquired the va]ue
,: -V : 1 each time. The above fact meant a very intensive evaporation of liquid
::icrofilm (of aniline, or benzene) near the contact area. Thus, research in such
,';nditions made it Possible to determine only one value of parameter N, for each
: liquids under scruting. Hence, it was useless to plot charts as in the case of

:he earlier presented ones (for water droplet spreaJing). Because of the above
:act, Parameter iy' was determined only for water film. Results of research are
;'resented in the form of charts where spreading coefficient and parameter C were
:elated to parameter ly' calculated for water film. Analysis of Figs, 16 and 17
'lnfirmed, that the effect of water film on the spreadirrg pro"".. of aniline and

:,enzene droplets on the surface was minimat.

43
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conclusions
The present paper deals with the problem of the influence of surrounding pa-
rameters on the wetting process of a so]id body by liquid droplets. Surrounding
should be understood here as a system: solid body surface - gas phase. As a
result of mutual effect between gas phase molecules and solid body phase, a thin
liquid microfilm can form on the surface of the solid body. The microfi]m affects
significantly the process of wetting the solid body surface by liquid droplets. The
papel focuses on analysis of the spreading process of a single liquid droplet.

Liquid droplet was dropped on a horizontal surface of a solid body that was
in the state of equilibrium with the surrounding gas. Droplet spread, as a re-
sult of its contact with the surface. Characteristic phase of droplet spreading
process, that is, the phase in which droplet wetted maximally the solid body
sutface, was analysed. In this phase of the process, contact ]ine was retained, if
the Phenomenon was treated macroscopically. Quasi-equilibrium occurred in the
microscopic area, if the phenomenon was analysed microscopically.

The paper shows experimental research concerning influence of the kind of
material and roughness of the surface, as well as of humid air parameters, on
the process of wetting the soiid body surface by droplets of water, aniline, and
benzene, respectively. On the basis of carried out analysis and obtained research
results, it can be stated that application of parameters C and N in description
of the wetting process is correct. Effect of humid air parameters on the wetting
ProceSS can be written by means of dimensionless stream of water vapor mass
exchanged between the microfilm and gas environment. Change of parameter ly'
causes change of parameter C. In turn, parameter C causes change of spreading
coefficient B (when dynamic conditions of droplet dropping are being preserved).

On the basis of obtained results of experimental research, the following con-
clusions can be formed:

1. effect of humid air parameters on the process of wetting the solid body sur-
face by a water droplet is more significant with decrease of Weber number.
or of the capillarv number;

2. spreading coefficient 0, ^u* 
for water droplets diminishes with rise of pa-

rameter l/, that means, more intensive evaporation of the water microfilm
that forms in the vicinity of contact area worsens spreading conditions for
water droplets on surfaces under research;

3. for a given value of parameter ly', values of spreading coefficient B" ^u* 
for

water droplet are lower, with rise of surface initial temperature;

4. parameter C rises with the rise of parameter i/, which in turn causes, that
spreading area of water droplet diminishes, and thus spreading coefficient
0, ^u, 

is loił-er:
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5. roughness of the surface affects significantly the wetting process;

6. if surfaces undel leseaTch have similar chalacteTistics of roughness, effect
of humid air parameters does not depend on kind of material surfaces are
made of;

i. heating the steel surface and its low roughness pleserve better spreading
conditions for a water droplet;

:. the least favourable spreading conditions for a water droplet occur on a
heated steel surface with high roughness, because water droplet consumes
a part of its energy to overpower the irregularities of the surface, while
evaporation of the thin liquid film worsens conditions of droplet movement;

9. effect of humid air parameters on the process of wetting the surface by
droplets of ani]ine and benzene is minima].
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