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MATHEMATICAL MODEL OF GAS-COVERAGE 
FORMED BY IDEAL WELDING NOZZLE 

Zbigniew Szefner 

S u m m a r y 

This article shows the model of body of gas-coverage that is formed by the shielding gas flowing out 
from so called standard welding nozzle. The meaning “standard nozzle” shall be understood as the 
welding nozzle of any shape ended with a straight, smooth, long section of a pipeline. The paper 
presents a short description of properties of the gas coverage in the generalised coordinates in which 
the key significance is attributed to the newly introduced value – “the number of mass current density”. 
A construction of the abductive model of the gas coverage of protective gas jet is described in this work 
on the basis of series of the experimental research. Then, the discovered model is verified empirically 
for the standard nozzle. The solution presented in this paper replaces the hitherto existing in the old 
theory of gas-shielded arc welding model of “shielding gas outflow” with the model of body of gas-
coverage. 
Keywords: welding, gas shielding, shielding gas, gas coverage, welding nozzle, gas flow rate 

 

Model matematyczny gazoosłony kształtowanej  
z idealnej dyszy spawalniczej 

S t r e s z c z e n i e 

Opracowano model osłony łuku spawalniczego, kształtowanej przez wypływający gaz ochronny.  
W modelu przyjęto wzorcową dyszę spawalniczą – dowolną dyszę spawalniczą zakończoną 
prostoliniowym gładkim, długim jej odcinkiem. Przedstawiono właściwości obszaru chronionego we 
współrzędnych uogólnionych z uwzględnieniem nowego parametru „liczby ilości ruchu strumienia”. 
Na podstawie wyników doświadczalnych przedstawiono budowę abdukcyjnego modelu obszaru 
chronionego osłony łuku spawalniczego. Następnie, model tzw. gazoosłony idealnej poddano 
weryfikacji doświadczalnej dla dyszy wzorcowej. Przedstawione rozwiązanie zastępuje dotych-
czasowy model „wypływu gazu osłonowego” modelem gazoosłony wzorcowej. 
Słowa kluczowe: spawanie, osłona łuku, gaz osłonowy, obszar chroniony, dysza spawalnicza, wydatek 

gazu 
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Nomenclature 

C – concentration of gas 
shielding 

 Re – Reynolds number 

D – nozzle face diameter  RR – radius of jet core 
F – gas coverage diameter  V – gas volume flow  
h  – relative nozzle-to-work 

distance, h = H/D 
 wc – average velocity of gas outflow  

hr – reduced nozzle-to-work 
distance, reduced axial 
coordinate, hr = H/Hz 

 w – jet axial velocity 

hz  – relative reach of body-
covering, hz = Hz/D 

 X – axial coordinate, axial distance 
from nozzle face 

H – nozzle-to-work distance  Y – radial coordinate, radial 
distance from nozzle axis 

Hz – reach of body-covering  Z – shielding efficiency 
J – mass current density  ν – kinematical viscosity of 

shielding gas 
J* – characteristic point of mass 

current density 
 ρ – mass density of gas element 

RG – radius of gas coverage  ρc – mass density of shielding gas 
Rg – relative radius of gas 

coverage 
 ρo – mass density of air 

Rc – number of mass current 
density 

 τ – gas particle 

1. Introduction 

In this paper there is shown the model of body of gas-coverage (discovered 
by the author in 2000). The body of gas-coverage is a new mathematical body 
and welding technology concept, and means the series of the gas coverages 
(their outline) those are formed by the shielding gas flowing out from so called 
standard welding nozzle. Here, with reference to and developing the meaning 
introduced by Gorman [1], the standard nozzle is understood as any kind of the 
simple nozzle [2] ended with the straight, smooth section of the pipeline that is 
at least 40 times longer than the diameter of the nozzle orifice. Gas, flowing out 
of the standard nozzle, strikes from the distance H, called in the welding 
technology the nozzle-to-work distance, into a flat obstacle (unlimited in 
theoretical considerations), being subject to a phenomenon called in the gas 
shielding theory, the jet spread. The gas shielding of welding arc is created in 
this way. The gas shielding in the presented work is the surface filled in, with 
defined participation (usually 100%) with shielding gas. 
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The most important of the values researched in the theory of gas shielding 
is the gas coverage. The gas coverage means the area on the surface of the parent 
metal isolated against access of air by the protective gas jet flowing out of the 
welding nozzle, as on the model shown in the Fig. 1a.  

The protective gas jet is understood in the theory of gas shielding as the 
phenomenon of (hydrodynamic) motion of shielding gas that flows out of the 
welding nozzle and in the nozzle-to-work distance H, with the value of the grade 
of the nozzle face diameter D, flows on the flat, unlimited obstacle. 

In the hitherto existing welding literature that describes forming of the gas 
shielding there were assumed hydrodynamic models of free jet, usually turbulent 
(the Fig. 1b) and there were built models of the gas coverage on their basis. One 
of such models is shown in the Fig. 1. 
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Fig. 1. The model of “old theory of the gas shielding”: a) aspect of forming  
of the gas coverage, b) the model of the free jet of the shielding gas; on the basis of [3] 

2. Research of gas coverage 

The concept of coverage characteristic of the protective gas jet is introduced 
in both theoretical analysis and empirical research. The coverage characteristic is 
a profile of concentration of the protective gas jet in the layer (intersection)  
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situated on the surface of parent metal. Therefore, in the research of the gas 
coverage, the measurement are based on taking the profiles of concentration of 
the protective gas jet. The form of the concentration was defined as: 

 
oc

o

ρρ
ρρC

−
−

=  (1) 

In the metrological model, the coverage characteristic is received by  
means of aspiration of the portion of gas with probes placed in the flat obstacle 
or with one probe with the obstacle movable in relation to immovable welding 
nozzle [4]. 

In own research, the computer-aided stand was used to research the gas jet 
concentration [5, 6]. The research of concentration (1) was made basing on the 
ASGO-352 analyser, designed by the author and described in the elaboration [7] 
and marking, in the on-line mode, concentration of shielding gas. The ASGO-
352 measuring technique is based on the thermoanemometry in accordance with 
[8, 9] and own metrological model [7]. 

The family of coverage characteristics, received in accordance with the 
author’s methodology in the research of the jet of shielding gas formed from the 
standard nozzle with own marking LDD-120 (the laboratory long nozzle with 
the length of cylindrical part Lc = 120D), is shown in the Fig. 2. 

The family of coverage characteristic shown in Fig. 2 allows to introduce a 
new mathematical body in the gas shielding theory, called body of gas-coverage 
or shortly body-covering and – to determine two basic properties of the new 
body, namely reach of the body-covering and its gas coverage, both in assumed 
area of generalised variables (input). The first discovered property of the jet of 
shielding gas was the reach of the body-covering. This meaning shall be 
understood as the biggest distance Hz nozzle-to-work, at which participation of 
shielding gas in formed gas stream disappears. In the metrological model the 
reach of body-covering is determined with this characteristic of the family 
shown in the Fig. 2, at which the concentration value C = 100% can be observed 
only for the value of radial coordinate Y = 0. The diameter F (or radius RG) of 
the gas coverage is determined by the coordinate Ymax from crossing the gas 
coverage characteristic with the line C = 100% (in the metrological model with 
taking of inaccuracy into consideration, it means RG = Ymax for C = 100 ± ∆C%). 

The pattern of the reach of body-covering and the gas coverage in assumed 
generalised variables for the jet of shielding gas flowing out of the model nozzle 
LDD-120 with the nozzle orifice diameter D = 12,72 mm is shown in Fig. 3. 
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Fig. 2. Family of coverage characteristics of the argon jet formed from  
the model nozzle of the LDD-120 type with the diameter D = 12,72 mm;  
the protective gas jet formed with the number of mass current density 
 Rc = 1,3, dim H = mm 
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It results from own analysis (theory of similarity of forming of the 
protective gas jet – omitted here) that to generalise the interpretation of 
phenomena of the hydrodynamic outflow of various kind of shielding gas (for 
example in accordance with classification of the EN 439 standard) from various 
types of welding nozzles fixed on various types of torch and welding guns and 
with various diameters D of the orifice, the analysis should be made in the 
generalised coordinates like: 
1. The number of mass current density Rc; 
2. The relative distance nozzle-to-work h = H/D: 
3. The relative reach of the body-covering hz = Hz/D; 
4. The shielding efficiency Z = F/D (or Z = RG/(D/2)). 
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Two first variables are the input values of the gas outflow phenomenon 
(decisive in the optimisation process) and two consequent 3 and 4 are the output 
values. 

The values from 2 to 4 do not create any doubts, as they are dimensionless 
quantities created from the values present in the physical field with the 
dimension of the length in relation to one characteristic value – the diameter of 
the nozzle orfice. The meaning “the number of mass current density Rc” 
introduced in the theory of the gas shielding requires a certain explanation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The gas coverage at the distance nozzle-work H = 12,7 mm on the background of the body-
covering reach formed by the jet of argon flowing out of the model nozzle LDD-120 with the 
  diameter D = 12,72 mm 

In the own theory of the gas shielding the concept of the number of mass 
current density was introduced instead of the hitherto existing (present in the old 
theory, for example [3, 10]) dynamical values of the field of fluid flow, namely 
the average velocity of gas outflow wc and the Reynolds’s characteristic number 
of outflow Re that are defined and calculated from the meaning of the average 
value of the outflow velocity for a given gas volume flow V, in accordance with 
formulas: 

 2
4

=
Πc

Vw
D

 (2) 

 

 Re = cw D
ν

 (3) 
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The formula for the number of mass current density was derived from the 
integral form of the continuity equation describing the motion of laminar jet in 
the Schlichting’s book [11]: 

  (4) idemdwJ == ∫∫∫
τ

τρ

From the integral form of the mass current density (4), in the issue of gas 
shielding theory, the computational form can be derived at the assumption of 
simplified model of homogeneous profile of the average velocity of gas outflow 
from a circular nozzle. Taking (2) into consideration, we receive: 

 ( )20,25= Πc cJ wρ (5) D  

Basing on the expression (5), in the gas shielding theory was defined the 
characteristic number of mass current density or in a shorter way the Rc number 
of mass current density. The dimensionless form was received as the quotient of 
the mass current density (5) and certain characteristic point, as the new measure 
with the form: 

 *=
def

cJRc
J

 (6) 

The value of the characteristic point J* was assumed arbitrarily (but not 
randomly – from the maximum the reach of body-covering Fig. 3) as: 

 * 4 *5 10 , dim− −≡ ⋅ =J J  2kg m s  

Repeating the experiment as shown in the Fig. 2 for the chosen values of 
the number of mass current density (6), for example for Rc = 1,3, 3,0 and 5,0 and 
determining the diameters of the gas coverage for the entire range of the relative 
distance h from zero to the relative the reach hz, there are received images of the 
body-covering, it means their contours. For the given set of values of the Rc 
number the images of the argon body-covering determined empirically are 
shown in the Fig. 4. 

From the formal point of view the body-covering is a three-dimensional 
object in the assumed system of generalised co-ordinates.  

The Fig. 5 shows the body-covering formed by the standard nozzle LDD-
120 with the nominal diameter of the nozzle orifice DN = 12 mm in the assumed 
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range of the input generalised variables, namely for: Rc = (0, 17) and h = <0,05, 
hz>. 

 
     a)                                    b)                                   c)    
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Fig. 4. The images of the body-covering formed by the argon jet out flowing of the 
model nozzle LDD-120 with the diameter D = 12,72 mm at: a) number of mass 
current density Rc = 1,3 and Reynolds number Re = 1660 at average velocity of 
gas out flow wc = 1,74 m/s, b) Rc = 3,0 and Re = 2520 at wc = 2,65, c) Rc = 5,0 and 
Re = 3250 at wc = 3,42; approximations with the Bezier’s curves of the single  
measuring series to demonstrate the fluctuation (instabilities) of the body-covering  
 limits 

The image of the real body-covering (Fig. 5) gives an impression on 
complexity of the mathematical model as a possible solution of the differential 
equations that describe the motion of the gas jet in the welding processes. 
However the fact of universality of the pattern of curves shown in the Fig. 3 
encourages to model in the empirical way. This universality of patterns is 
manifested with one typical curve of the reach of body-covering and with 
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similarity of the curves of the shielding efficiency, as per the Fig. 3, in the entire 
range of the relative distance h. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. The gas coverage at the distance nozzle-work H = 12,7 mm 
on the background of the body-covering reach formed by the jet  
of argon flowing out of the model nozzle LDD-120 with the 
 diameter D = 12,72 mm 

3. Model of standard body-covering 

Further, there is shown the model of the body-covering in the form in which 
it was “discovered” in the course of the modelling process, which is called by 
the author as the abductive logic. The abductive logic was called a process of 
solving of a task in science, which was executed by means of abduction – the 
third method of logical concluding, apart from deduction and induction. This 
abduction method is mentioned by Radhakrishna Rao [12]. Such a mental 
process allows to assume the principal experimental research to verify the 
solution in a way usually made in analytical solutions. 

In a certain series of experiment the research of the properties of the jet of 
shielding gas formed from the standard nozzle of the LDD–156 type with the 
diameter of the nozzle face D = 12,8 mm and the length of the cylindrical part Lc 
= 2000 mm there were received the results of the research presented in the  
table 1. 
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Table 1. Parameters of the gas coverage formed by argon jet that outflow from the standard nozzle 
of the LDD-156 type with the diameter D = 12,8 mm at the number of mass current density  
 Rc = 5,0 

Experiment Model 

Number 
Nozzle work 

distance 
H 

mm 

Radius of the 
gas coverage 

RG 
mm 

Difference 
between 

consecutive RG 

(n+1) – (n) 
mm 

Radius of the 
core  
RR 

mm 

Quotient 
RG/RR 

1 2 3 4 5 6 
1. 10,00 20,0 - 5 4 
2. 20,00 16,0 4 4 4 
3. 30,00 12,0 4 3 4 
4. 40,00 8,0 4 2 4 
1) Reach of the body-covering Hz = 50,0 mm researched with the probe with the aspiration 

diameter 2,00 mm. 
2) Measured radius of the core of the protective gas jet in the distance  X = 10,00 mm  from  

the nozzle face with the value RR = 5,0 ± 0,25 mm. 
 
 

The results of the research are additionally shown in the form of the 
geometrical dependences in the Fig. 6. For further analysis there is assumed the 
generalised model of the turbulent jet by Abramovich [13] as shown in the Fig. 
1a. The core of this jet is a layer of the gas coverage limited with straight lines 
coming out from the edge of nozzle face.  

If we mark on the Fig. 6 the reach of body-covering determined empirically 
in accordance with the table 1 with the diameter of the measuring probe taken 
into consideration and if we connect it with the straight lines with the nozzle 
edge, we will receive the geometrical object that we can call the primary jet core 
– shaded in the drawing. It is assumed for further considerations an abstract 
model of the semi-permeable obstacle, on which the stream of shielding gas 
flows in as it is proposed by the authors in the elaboration [14] at solving the 
complex problems of modelling of fluid motion. The feature of semi-
permeability of the obstacle is understood in this way that it is semi-permeable 
for the fluid components as long as considerations are referred to the primary jet.  

However if the attention is directed to the phenomenon of the jet spread in 
considerations of forming of the protective gas jet, then the obstacle becomes 
impermeable and forms (creates) the secondary stream that spreads on the 
surface of the parent metal. To show the correctness of the assumed model of 
obstacle, the contour of the 51,2 mm long core of the Abramovich’s turbulent jet 
was additionally drawn in the Fig. 6. The lengths of cores have similar 
dimensions. 

Now, let us imagine the ideal body-covering. It is known from the research 
that the radius of this ideal primary jet equals RR = 5 mm in the distance H = 10 
mm from the nozzle face and RR = 1 mm (the radius of the ASGO-352 aspiration 
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probe) in the distance H = Hz = 50 mm. Let us lead the straight lines through 
these two points. They determine the core of the ideal primary jet. The diameter 
of the ideal nozzle D* = 12 mm and the range of this flux core with the value H*

z 
= 60 mm (that forms considered ideal protecting stream) can be determined from 
the geometrical dependences. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. The model of the ideal body-covering; the graphical representation  
of the matter of the gas shielding jet spread 

By means of a simple proportion we can further calculate the radii of the 
core for each situating of the obstacle (the intersection of the ideal jet). For any 
distance H the core radius is calculated from the following formula: 

 







−= *

*

1
2 z

R H
HDR  (7) 

Let us put down the values of the primary jet cores calculated from the 
formula (7) to the table 1. 

Now let us pay the attention on the columns 4 and 6. Let us compare values 
of these columns with the relative value of the length of the jet core Lr of the 
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semi-empirical Abramovich’s model (the Fig. 1b), which equals Lr/D = 4 [13]. 
These numbers are equals. Taking this under attention, we are convinced that, in 
fact, we have discovered the model of the ideal body-covering. 

What does this discovery mean? If now the obstacle becomes impermeable 
for the fluid components, the protective gas jet will be rebuilt totally. We can 
imagine it in the geometrical model of the ideal body-covering in a very simple 
way. Let us put the core radius in the given H intersection on the outflow axis – 
as in the Fig. 6.  

Now let us imagine the stream core (now the secondary) formed from the 
nozzle in the form of the section with the length of the radius of the primary core 
at the given H distance. As it results from the research (the table 1, column 6) 
the cores of the secondary stream, because of the spread phenomenon achieve 
the length 4 radii of the primary jet, it means two diameters of the imaginary 
nozzle orifice of the secondary stream. Having the additional element introduced 
into the Fig. 6 and marked by shading, we can receive the geometrical image of 
the ideal body-covering. 

The mathematical model (object) of the ideal body-covering is received 
straight from the dependence (7). Taking into consideration that RG = 4 RR, we 
can receive:  

 







−= *

* 12
z

G H
HDR  (8) 

The mathematical model of the ideal body-covering (8) has its simplicity, 
bat has the discovery meaning only. As the values D* and Hz* are only ideal 
values, we can bring them to considered object of the protective gas jet by the 
simplest, linear transformation in the form: 

  (9) 




⋅=
⋅=

zHz

D

HkH
DkD

*

*

After taking the formula (9) into consideration, it is received: 

 







−=

zH
DG Hk

HDkR 12  (10) 

The following transformation factors (9) have been determined arbitrarily 
for further transformations of the model: 
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  (11) 




=
=

1
9,0

H

D

k
k

The values of real factors received from approximation of the results of the 
research of the entire population of the standard nozzles with the nominal 
diameter DN = 12 mm with the function (10) were included in the intervals, 
accordingly: kD = (0,89, 0,94) and kH = (1,02, 1,18). From here the arbitrary of 
the assumed factors (11). 

The formula (10), after taking the values of the factors (11) into 
consideration, is simplified to the form: 

 







−=

z
G H

HDR 18,1  (12) 

which can also be written in the form of the formula: 

 







−=

zH
HDF 16,3  (13) 

The formula (13) is just the “discovered” mathematical model of the 
standard body-covering, or in a shorter way, the MGS model (model of the gas 
shielding). This MGS model describes the value of the gas coverage (more 
precisely the diameter of the gas coverage as per the Fig. 4) in the principal 
coordinates of the welding technology, namely: the diameter of the nozzle face 
D and the nozzle-to-work distances H. For the practical use of the MGS model, 
to the process of computer simulations of the gas shield basing on the MGS 
model, it is required to know (as in every empirical model) one value determined 
empirically, namely the reach of body-covering Hz for interesting Rc number of 
mass current density value. 

Taking into consideration, as on the Fig. 3 that the reach of body-covering 
for the standard nozzles can be expressed with one-unique dependence in 
relation to the quantity Rc, it means hz = f(Rc), the model of the body-covering 
(13) can be expressed in the generalised coordinates, this time of the relative 
radius of the gas coverage Rg, where Rg = RG/D in the form: 

 ( )








−=

Rch
hDR

z
g 18,1  (14) 
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The form of the formula (14) is useful for empirical verification of the MGS 
model and for graphical presentation of the gas coverage formed by the standard 
nozzle and in the processes of computer simulations and just this form of the 
model will be used for further0 verification of the MGS model. 

4. Verification of the MGS model 

As it was said above, the MGS model was derived from a certain 
experiment for the specific values of the input quantities.  

Therefore, before the verification, let us pay our attention on two substantial 
problems. Firstly, there is also interesting a question – how the MGS model is 
distant from the single measuring series determining the empirical contour of the 
body-covering? Secondly it shall be noted that the MGS model does not distinct 
any kind of the jet (for example distinguished in the jet theory in relation to the 
Reynolds’s number (3). It means that it is correct in the entire range of the 
protective gas jet classification. The abductive building of the MGS model was 
based on the certain results of the empirical research of the turbulent stream, to 
which corresponds the number of mass current density Rc = 5.  

Such a stream is in its entire range subject to the phenomenon of self-
similarity (parallelism of the lines of reach of the body-covering and the 
dimension of gas coverage in the Fig. 3). Therefore, verification of the model is 
executed for the other point of the input variables, for example close to the 
maximum reach of the body-covering at the number of mass current density  
Rc = 1,3. It is the best to see on the image of the standard body-covering, the 
Fig. 5, and especially comparing the images (the Fig. 4a and 4c) how substantial 
change of the body-covering building takes place at the transition from the point 
Rc = 5 to Rc = 1,3. 

This verification is shown graphically in the Fig. 7. Results of the single 
series of measurements of contouring of the body-covering formed from the 
standard nozzle of the LDD-120 type are marked with points.  

The straight line of the model was introduced as the additional element into 
the coordinates of the drawing in accordance with the function (14) and 
additionally, for the range of arguments that describe the protective gas jet, there 
were drawn in the limits of the confidence region at P = 95% for the evaluation 
of significance and adequacy of the MGS model. 

The compliance of the body-covering model is satisfactory. The result of 
this analysis creates the question – is it possible to explain why the model 
“derived” from the results of the test of the turbulent jet with the reach of the 
body-covering Hz = 50 mm describes the gas coverage of the “transitory jet” 
with the reach Hz = 194 mm with the statistical compliance? There is the 
following positive response. The correctness of the model ensures the 
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truthfulness of the hypothesis, which was hidden in the uncovered model of the 
body-covering.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Verification of the MGS model; contouring of the argon body-covering formed by the 
standard nozzle of the LDD-120 type with the face diameter D = 12,72 mm at Rc = 1,3 (wc =  
 1,74 m/s) and the body-covering reach Hz = 194,3 mm 

This hypothesis says that the same physical phenomenon that forms the 
reach of the body-covering in the generalised coordinates, forms at the same 
time dimension of the gas coverage. So it is enough to know the reach of the 
body-covering hz, which in the model (13) or (14) reflects the diameter of the 
gas coverage or its radius accordingly. 

Therefore it is enough and needed only to determine (empirically) the reach 
of the body-covering to determine the diameter of the gas coverage formed by 
any standard nozzle, and to determine the function hz = f(Rc) in the entire range 
of the basic input value (the gas flow rate of shielding gas). 

5. Conclusion 

Wide and many years’ empirical research in the frame of drafted gas 
shielding problem have brought to discovery of the mathematical model of the 
standard body of gas-coverage, it means the functional series of the value of the 
gas coverage with the jet of shielding gas, which is formed by the standard 
welding nozzles. 

The solved MGS model (13) or (14) is the significance and adequate in 
assumed area of generalised variables of the nozzle-work distances h and the 
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quantity of mass current density number Rc that correspond with their ranges, in 
the procedures of welding technology, with intervals of principal technological 
variables: the nozzle-to-work distance H and the gas flow rate V. 

The concept of the body-covering and its models in the form: 
• mathematical model (13); 
• graphical presentation of the body-covering contour as shown in the  

Fig. 4; 
• three-dimensional object as shown in the Fig. 5; 

replace the hitherto existing model of “the gas outflow” (the Fig. 1) of old theory 
of the gas shielding. 

The body-covering as the functional series of dimensions of the gas 
coverage of the protective gas jet allows for direct defining (controlling) the 
most substantial quantity in the gas shielding problem – the gas coverage 
diameter and at the same time ensuring of the shield effectiveness. 

Of course, the MGS model described in this paper is a one simplification of 
the real jet of shielding gas formed from welding nozzles, because it describes 
the phenomenon of creating of the protective gas jet for the standard nozzle. 
However the own, further research proved that basing on the discovered model 
that is convergent with the general quality model of forming of the protective 
gas jet, modelling of the body-covering for the real welding nozzles is possible. 
In this respect, the described MGS model has the substantial cognitive 
significance in the problem of forming of the gas shielding and determines a new 
direction of scientific research. 
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