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DRIFT POTENTIAL FOR LOW PRESSURE 

EXTERNAL MIXING TWIN FLUID NOZZLES BASED 

ON WIND TUNNEL MEASURMENTS 

Sehsah, E.M.E* and A.Herbst**  

ABSTRACT 

Wind tunnel tests provide one way in which the risk of drift from given 

nozzle conditions can be quantified but it is accepted that the use of field 

measurements and modeling approaches are also valid for determining a 

relative for Ex. Mix. Twin Fluid drift risk factor. The goals of present 

study assess the drift potential of the EMTF nozzles using wind tunnel 

tests, by comparing the drift profiles of sprays from EMTF nozzles those 

from standard fan nozzles.. As well as investigating to find the optimum 

combination for EMTF nozzles from the available nozzles in the 

marketing which may be producing the low drift. The current 

investigation research was carried out in the Federal Biological Research 

Centre for Agriculture and Forestry (JKI), Braunschweig, Germany. The 

wind tunnel was adapted at the optimum air conditions, 20° C air 

temperature and 80 % relative humidity. Eight drift-reducing external 

mixing twin fluid nozzles were evaluated in a wind tunnel to compare 

drift. Each tip was compared at 60 and 100 kPa liquid pressures, parallel to 

a 1, 2 and 3 m s-1 wind speeds, and at the 150 kPa air pressure for each.  

The results indicated that the external mixing twin fluid nozzles may be 

producing the low drift at low liquid pressure. The increase of liquid 

pressure tends to decrease the vertical drift and increase the DIX values. 

The optimum co-angling for EMTF nozzles was found at 45° that may 

reduce the drift potential and fallout of spray for all treatment conditions. 

The N5 (Lechler FT 5–608 & XR110ß03 VK) nozzle may be able to reduce 

the low fallout airborne volume flux compared to Standard ISO nozzle and 

N1 nozzle which produced at 43.7 % DIX value. The DIX values at 100 

kPa liquid pressures, co-angling 45°  
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and wind speed 1 m s-1 were 291.5% for N5  (Lechler FT 5-608 & XR110-

03 VK) nozzle and 29.6 % for the N1  (Lechler FT 5-608 & TT110-03 

POM) nozzle respectively. As well as the vertical drift for the above 

mentioned conditions were 1.5 %, 1.6 %, 1.3 % and 1.2 % for the EMTF 

nozzles N2, N3, N4 and N5 respectively The airborne values for N5 

(Lechler FT 5–608 & XR110-03 VK) nozzle were 0.71 ml/s.mm , 0.07 and 

0.046 ml/s.mm at ground level (zero mm) , 500 mm  and 600 mm height 

respectively. 

Keywords: Drift, Low pressure, nozzles 

INTRODUCTION 

ver the last several years there has been an increased interest by 

nozzle manufactures to design nozzles that will effectively 

reduce the volume of drift-able fines found in spray droplet 

spectrums. This is being successfully accomplished with the use of a pre-

orifice and also with turbulation chambers (R. Wolf, 2000). A recent trend 

with spray nozzle design is to incorporate a ‘venturi’ that includes the 

spray droplet in air to lessen the drift potential while still maintaining 

adequate efficacy. Several nozzle manufacturers are including this new 

design as a part of a marketing campaign for drift control. Early research 

would indicate that the venturi nozzle is producing larger spray droplets 

(Womac, et al., 1997; Ozkan and Derksen, 1998; R. Wolf, et al., 1999, 

2001, 2001). Even though a better understanding of the variables 

associated with spray drift exists, it is still a challenging and complex 

research topic. Environmental variables, equipment design issues, many 

other application parameters, and all their interactions make it difficult to 

completely understand drift related issues (Smith, et al., 2000). Droplet 

size and spectrum has been identified as the one variable that most affects 

drift (SDTF, 1997). Many forces impinge on droplet size, but it is still the 

drop size that must be manipulated to optimize performance and eliminate 

associated undesirable results (Williams, et al., 1999). Drift is associated with 

the development of high amount of fine droplets (Gobel and Pearson, 1993). 

There are many factors that control drift. These include equipment design, 

application parameters, physical properties of the liquid spray, type of 

formulation and meteorological conditions (Salyani and Cromwell 1992; 

O 
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Ganzelmeier 1993; Ganzelmeier et al., 1992). Some of the physical 

properties that affect spray drift are viscosity, surface tension and density 

of the liquid. Size of nozzle orifice, pressure, angle of the nozzle spray, 

nozzle design and air shear (air streams hitting the liquid) affect spray 

drift (Smith 1992). One of the causes of spray drift is small droplets (~200 

µm) created by the nozzle. All droplets pose some drift hazard, but larger 

or coarser droplets have less of a chance from traveling away from the 

target area (Derksen and Gray. 1995; Reichard et al., 1979 and 1982). The 

coarse and fine droplets are more preferred because they have the least 

chance of drift from the target area. However, smaller droplets increase 

the efficacy while increasing the amount of drift. Large droplets also 

reduce effectiveness of the application coverage but not enough to risk the 

occurrence of drift. Also, large droplets may rebound from the plants 

surface or run off (Fox et al., 1994). When pesticides are applied, a certain 

part of the chemical may be drift off the target area. This may cause 

environmental hazards. In order to avoid inappropriate risks especially for 

aquatic organisms, buffer zone restrictions are given to several pesticides 

according to their toxicity. In some cases the pesticide cannot be 

approved. The width of buffer zones in arable crops, orchards, vineyards 

or hops is dependent on application conditions. A special system takes 

into account the type of adjacent water body and its bank vegetation. But 

the used application technique has the main influence on buffer zone 

width. Therefore the Federal Biological Research Centre for Agriculture 

and Forestry in (JKI) holds an official list of loss reducing equipment. 

This list contains sprayers that reduce spray drift by at least 50% in 

relation to a standard spraying system. Normally field tests are necessary. 

In case of ordinary boom sprayers, measurements in a wind tunnel on 

single nozzles are sufficient. These tests are done by (JKI) following a 

special protocol (Herbst, 2001). 

The reduction of the water volume rate is an important aspect to reduce 

application costs. The water reduction per unit area increases the total 

capacity of a sprayer but it is normally linked to reduced droplet size and 

increased drift potential (Sehsah, 2005). One possibility to reduce water 

volume rate with less effect on drift is to use an atomizer with a narrow 

droplet size spectra . External mixing twin fluid nozzles atomizers are 
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driven by air assistance nozzles. Droplet sizes are dependant on air 

nozzles and discharge rate organisms (Sehsah, 2005; and Sehsah and 

Kleisinger 2007).  Application of post-emergence herbicides and Bio-

pesticides (living organisms) are becoming an ever-increasing complex 

phase of crop production. More information about how to use the latest 

nozzle technologies to apply herbicides or Bio-pesticides for post-

emergence control of grasses and broadleaves is paramount for achieving 

optimum control of the undesired pests. The complexity of the post-

emergence application process is exemplified as recent nozzle technology 

is placing an increased emphasis on keeping the drift potential at a 

minimum.  

The main objectives of the current research part II were to test the 

different low pressure external mixing twin fluid nozzles types and size in 

a wind tunnel, to calculate their drift potential using contrasting wind 

tunnel approaches and to compare these drift potential results with the 

reference spraying. In addition to find the optimum combinations of 

nozzles from different combinations of EMTF nozzles that produces the 

low drift. These measurements were part of a study evaluating the 

Developed EMTF nozzles to use in biological pesticides. 

MATERIAL AND METHODS 

This study was designed to measure in a wind tunnel the amount of drift 

from different combinations of external mixing twin fluid nozzles.The 

wind tunnel as shown in figure 1 was used to test the EMTF nozzles 

under optimum operating conditions for air temperature 20° C and 

relative humidity 80 %.  

Fig. 1: The diagram of wind tunnel for testing the external mixing twin 

fluid nozzles. 
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External Mixing Twin Fluid nozzles (EMTF)   

The EMTF nozzle was developed in Hohenheim University, Germany as 

the part of the applicable technique for the biological material (Sehsah, 

2005). We are indicat the function of an external mixing twin fluid 

(EMTF) nozzle in the first part of this study. The principle of the external 

mixing twin fluid nozzle is the injection of a liquid sheet into air sheet, 

both produced by tongue nozzles. At the merging line, the high-speed air 

stream will disintegrate the liquid sheet and produce droplets. With 

External mixing twin fluid nozzles, the liquid sheet or jet exposed to the 

atomizing air has little initial momentum and the droplets formed in 

atomization are entirely dependent on the kinetic energy of the atomizing 

air to transport them away from the nozzle into the target. The 

combinations of the EMTF nozzle were selected and illustrated in table 1. 

Experimental arrangement 

The different combinations of EMTF nozzles types (external mixing twin 

fluid nozzles) under test are mounted in the wind tunnel. The wind 

direction corresponds with the travel wind direction. The drift potential 

cloud is measured in a plane perpendicular to the air stream in a section 2 

m downwind from the nozzle at wind speeds of 1 m.s
-1

, 2 m.s
-1

 and 3 m.s
-

1
. The development of the experimental approach is shown in figure 2. 

Passive line type drift collectors were used for the measurements. They 

were mounted horizontally with a spacing of 100 mm perpendicular to the 

wind direction. The single combination of EMTF nozzle, located in the 

center of the wind tunnel, was placed upwind 2 m from collectors.  

Each nozzle was  used  individually  in  the  tunnel  and  was supplied  

with  spray  from  a  portable  sprayer  fitted  with calibrated   digital   

pressure   meter   and   an  electronically controlled supply switch. Having 

set the spray liquid supply system for the correct pressure, an 

electronically controlled exposure of 15 s spraying was used in the 

experiments unless otherwise stated.  This time was long enough to 

produce a measurable minimum deposit but without saturating any 

collecting lines. This avoided any loss of spray liquid retained on the 

collectors. However, in a few cases, when very little spray drift was being 

produced, the emission time was increased up  to  50 s  in  order  to  

provide  detectable  deposits  on  the collecting  lines  and  to  reduce  
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variability  within  data  sets. In addition to liquid flow rate and exposure 

time, other operating conditions were recorded. Relative humidity in the 

wind tunnel was controlled to exceed 90% to minimize the in- flight 

evaporation of droplets.  Ambient temperature was recorded; it kept 

relatively constant at w20° C. 

The first and last tests of each of the measuring sessions were  carried  out  

using  the  Hardi  ISO  F  110-03  reference nozzle at 300 kPa to provide 

direct comparison with the field drift  data  (ISO/DIS, 2007 and Nuyttens  

et  al.,  2007a). The magnitude  of  deposits  recovered  from  collector  

lines,  varied  for one and the same nozzle-pressure combination for 

reasons that can be attributed to the tunnel, analysis and operator skills, 

short sampling times and changes in nozzle performance  (Miller,  1993). 

That is why the results from the experiments with the Hardi ISO F110-03 

reference nozzle were also used as a reference set to establish that 

experimental procedures were within acceptable limits or not. Results 

from series of measurements were accepted if results from both reference 

sets were within their corresponding 90% confidence interval. This was 

the case for all the measurements reported here. 

Procedure and measurements: 

In total, 73 wind tunnel experiments were carried out with 867 deposit 

measurements including the reference spray identified as experiments a 

up to  i  in Table 1. Each spray application is defined by its general nozzle 

type Hardi standard flat-fan size ISO 03, N1, N2, N3, N4, N5 and N6 

EMTF nozzles. The reference spray generated by a Hardi ISO F 110-03 

standard flat- fan nozzle was used to compare the different spray 

applications. 

The different types N1, N2, N3, N4, N5 and N6 of EMTF nozzles were 

compared at 60 and 100 kPa spray pressures. The co-angling (injection 

angles) nozzle were 45° and 60° degree. As well as the different EMTF 

nozzles were compared at 1 m s
-1

, 2 m s
-1

 and 3 m s
-1

 wind speed. All 

experiments for different EMTF nozzles were performed at an air pressure 

of 150 kPa. Applications using water with a single nozzle from every 

combination of nozzles configured for use in a wind tunnel were made. 

The collector was designed for removal from the wind tunnel after each 

treatment to facilitate drifted passive line removal and replacement with 
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dry, clean Passive line for the next treatment. A soluble fluorescent tracer 

dye was added to the applied water. The dry collector lines were removed 

from the wind tunnel after application and washed with a known amount 

of deionized water which was then analyzed using a fluorometer. 

Temperature and humidity were measured using a CMP (Constant Multi 

Pulse) measurements probe system with data logger. The probes were 

positioned at boom height. Adjusting the amperage to obtained the fan 

motor controlled wind speed velocity. 

In the laboratory of the JKI, Germany, 10 ml of deionized water was 

added to each U tube to wash the tracer from every collector’s samples. 

The tracer concentration in the washing solution was determined using the 

fluorescence spectra SFM 25 spectrophotometer (KONTRON 

Instruments) to analysis the samples. The tank sample was used to 

calibrate the measurement. The structure of the wind tunnel and 

measurements of wind velocity, turbulence intensity, temperature, and 

relative humidity were described by Herbst, (2001).  

Measuring the air velocity from EMTF nozzle: 

The FC012-Micromanometer and Anemometer CLIMA was used to 

measure the air velocity at different outlet distance from the FT 5-608 

nozzle of air. The difference pressure FC012-Micrometer instrument was 

used to measure the air speed from 1 cm to 50 cm because it has the 

higher accuracy to measure the air velocity at more than 80 m s
-1

. The 

Anemometer CLIMA was fixed at different outlet distance from 50 cm to 

600 cm by increment of 50 cm between every measuring point. The Fig. 3 

displays the result values of the measuring air velocity at different outlet 

distance. 

We assumed that the droplet velocity may be taken the air velocity values 

at the outlet distance that produced by the FT5-608 nozzle. The FT5-608 

nozzle of air in the EMTF nozzles was the source of the kinematics 

energy of the droplets after its let the liquid of nozzles. Therefore, the 

droplet velocities at 2 cm (boundary layer contact between the two fluid 

air and liquid) was 46.3 m s
-1

, at 150 kPa air pressure as shown in Fig. 2. 

This higher droplet velocity may be reducing the drift and keeping the 

droplets to riche into the target. The hypotheses of the data analysis were 

to assume that the drift is affected by a number of factors and situations. 
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The factors are the different EMTF nozzles types; three wind speeds (1, 2 

and 3 m s
-1

) and two co-angling (injection angles, 45° and 60°). These 

include two liquid pressure (60 kPa and 100 kPa), as well as pressure of 

air which used to atomize the liquid spray by FT 5-608 nozzle of air was 

adjusted at 150 kPa.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2: Schematic of experimental arrangement in the wind tunnel for 

drift potential estimation. 

Vertical drift potential profile 

At first it was important to define a reference for the wind tunnel 

measurements. Since conventional 110° flat fan nozzles of size 03 have 

been the standard in many European countries, some of them were tested 

first. A vertical drift potential profile was calculated from the data by 

integration over horizontal measuring lines (Herbst, 2001).  
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Also, the relative drift potential volume is then calculated by:  
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is known from a regression analysis (Helck and Herbst, 1998) with wind 

tunnel and field measurements for a lot of nozzles that the best fit is  

achieved with the parameters an equal than 0.88 and b equal than 0.78. 

Table 1: Overview for the different combinations of the external mixing 

twin fluid (EMTF) nozzles tested in wind tunnel 

 
 
 
 
 
 

 

 

 

 

 

 

Fig.  4: External mixing twin fluid nozzle – effect of air pressure on air 

velocity for the tongue nozzle FT5.0-608 (Lechler) 

RESULTS AND DISCUSSIONS 

The Lurmark 31-03-F110 @ 3 bar is the fine/medium border nozzle of 

the BCPC spray classification scheme. In order to be consistent with this 

system, the Lurmark nozzle was chosen as the DIX reference. It has a 

DIX value of 100 per definition. 

EMTF Nozzles 
Nozzles 

Air nozzles Liquid nozzles 

N 1 Lechler FT 5 - 608 Tee Jet TT110-03 POM 

N 2 Lechler FT 5 - 608 Lechler AD90-04 C 

N 3 Lechler FT 5 - 608 Lechler AD120-03 POM 

N 4 Lechler FT 5 - 608 Lechler LU90-04 C 

N 5 Lechler FT 5 - 608 Tee Jet XR110-03 VK 

N 6 Lechler FT 5 - 608 Tee Jet XR80-04 VS 
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The drift potential percentages values based on DIX and vertical drift 

percentage parameters are presented in figures 5, 6, 7, 8, 9 and 10 and. 

depending on the nozzle type as well as wind speed, liquid pressure and 

injection angles of liquid spray. 

Table 2: Overview of the tested spray applications in the wind tunnel 

 

*Hardi ISO 110 standard flat-fan nozzles; Injet, Hardi ISO Injet air-inclusion nozzles. 

Effect of nozzle types: 

It is clear that the types of nozzle in the external mixing twin fluid 

(EMTF) combined nozzles has an important influence on the reduction of 

the drift potential compared to the ISO 03 nozzle as shown in tables 3, 4, 

5 and 6 and figures 5,6,7, and 8. In table 3, the effect of the interaction of 

Experiment 

 

Flow-

rate, 

l min -1 

 

 

Exposure 

time, s 

Treatments 

Nozzles Co-angling 

Wind 

speed,  

m s-1 

Liquid 

pressur

e,  

k Pa 

repetition 

i-1a* 1.17 5 

Hardi 

ISO LD 

110-03 

- 2 300 3 

2 - 7 0.67 15 N1 45° ,  60° 1, 2, 3  60 2 

8- 13 0.50 15 N2 45° ,  60° 1, 2, 3  60 2 

14 - 19 0.54 15 N3 45° ,  60° 1, 2, 3  60 2 

20 - 25 0.54 15 N4 45° ,  60° 1, 2, 3  60 2 

26- 31 0.71 15 N5 45° ,  60° 1, 2, 3  60 2 

32- 37 0.56 15 N6 45° ,  60° 1, 2, 3  60 2 

38 - 43 1.13 15 N1 45° ,  60° 1, 2, 3  100 2 

44- 49 1.08 15 N2 45° ,  60° 1, 2, 3  100 2 

50 - 55 1.02 15 N3 45° ,  60° 1, 2, 3  100 2 

56 - 61 1.05 15 N4 45° ,  60° 1, 2, 3  100 2 

62- 67 1.22 15 N5 45° ,  60° 1, 2, 3  100 2 

68- 73 1.05 15 N6 45° ,  60° 1, 2, 3  100 2 
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different EMTF nozzles type, co-angling and wind speed were 

investigated to find their affecting on DIX and vertical drift. The EMTF 

nozzle types N2, N3, N4 and N5 produced the lowest drift and highest 

DIX values compared to the standard ISO nozzle, N1 and N6 at 1 m s
-1

.  

On the other hand, the N5 (Lechler FT 5–608 & XR110ß03 VK)  nozzle 

produced the lowest drift at 2 m s
-1

 compared to N1, N2, N3, N4 and N5 

as well as the DIX values for same nozzle is nearly to the DIX value for 

standard ISO nozzle. The DIX values at 1 m s-1 and co-angling 45° were 

119.7 %, 119.4%, 125.5 % and 149.5% for the EMTF nozzles N2, N3, N4 

and N5, respectively. As well as the vertical drift for the above mentioned 

conditions were 2.2 %, 2.1%, 2.0 % and 1.9 % for the EMTF nozzles N2, 

N3, N4 and N5, respectively A similar tendency was found in the 

interaction effect of types of nozzles, injection angle and liquid pressures 

on DIX vertical drift as shown in table 4. The DIX values at 1 m s-1 and 

100 kPa liquid pressure were 144.6 %, 138.8 %, 179.9 % and 196.4% for 

the EMTF nozzles N2, N3, N4 and N5, respectively. As well as the 

vertical drift for the above mentioned conditions were 1.5 %, 1.6 %, 1.3 

% and 1.2 % for the EMTF nozzles N2, N3, N4 and N5 respectively 

For the different EMTF nozzle combinations, DIX values of the N5 

nozzle which combined from Lechler FT 5-608 with XR110-03VK nozzle 

was always higher than the DIX values compared to the standard  ISO 

nozzle at liquid pressure 100 kPa(1 bar)  and 1 m s
-1

. As well as the 

differences were statistically significant. Hence, in terms of nozzle type, 

N5 nozzle to offer the greatest scope for reducing airborne spray and 

fallout flat-fan nozzles. For example, for the all EMTF nozzle 

combinations, DIX values at 100 kPa liquid pressure were 134.5% for N5 

nozzle, 25.2 % for the N1 nozzle combination as shown in table 5. A 

similar tendency was found in the effect of the interaction of the all 

factors on the DIX percentage as shown in table 6. DIX values at 100 kPa 

liquid pressures, co-angling 45° and wind speed 1 m s
-1

 were 291.5% for 

N5  (Lechler FT 5-608 & XR110-03 VK) nozzle and 29.6 % for the N1  

(Lechler FT 5-608 & TT110-03 POM) nozzle respectively. The fact that 

DIX values were higher for N5 (Lechler FT 5–608 & XR110ß03 VK) 

nozzle compared with standard nozzles could only be proved statistically. 

Other researchers (e.g. Walklate et al., 1994 and Walklate et al., 2000) 
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confirmed that low-drift nozzles and air-inclusion nozzles can reduce 

downwind deposits compared to conventional standard flat-fan nozzles. 

For example, DIX values at liquid pressure 100 kPa and wind speed 1 m 

s
-1

 were 196.4% and 28.4% for N5 and N1 nozzles respectively. This is in 

contrast with results from the field measurements (Nuyttens et al., 2007a) 

and the droplet characterization (Nuyttens et al., 2007b). On the other 

hand, similar nozzle N5 produced the lowest vertical drift and airborne 

values.  

It is clear that the external mixing twin fluid nozzles may be producing 

the low drift at low liquid pressure. It is observed that the combinations of 

the external mixing twin fluid nozzles gave the highly effect on the drift 

potential compared to the other factors, wind speed, injection angle and 

liquid pressures. The external mixing twin fluid nozzle N1 (TT11003+ 

Lechler FT 5 - 608) produced the highest drift compared to the N5 

(Lechler FT 5–608 & XR110-03 VK) nozzles combinations at low liquid 

pressure 100 kPa (1 bar). It may therefore be concluded that the DIX and 

vertical drift are more strongly dependant on the combinations of nozzles 

in the EMTF nozzles, which is highly significant in data.  

Effect of wind speed  

In Tables 3, 4 and 6, the wind speeds were significant effect on the DIX 

and vertical drift for the nozzles combinations N1, N2, N3, N4, N5 and 

N6.. In Figs. 9 and 10, the effect of the wind speed was significant effect 

on the DIX and vertical drift. The increasing of the wind speeds tend to 

increase the drift and decrease the DIX parameter. As well as, the 

statistical analysis indicated that, the interaction between the wind speeds 

with injection angle was significant effect on the DIX and vertical drift 

parameters as shown in Figs. 11 and 12. This means that the wind speed is 

the important factor which affecting on the DIX parameter and increasing 

the drift potential. The DIX percent values for N5 (Lechler FT 5–608 & 

XR110-03 VK) nozzle and 100 kPa liquid pressure were 194.4 % 83.3 % 

and 79.3 % at 1 m s
-1

, 2 m s
-1

 and 3 m s
-1 

respectively. As well as the 

vertical drift percent values for above mentioned conditions were 1.2 %, 
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2.6 % and 3.8 % at wind speeds 1 m s
-1

, 2 m s
-1

 and 3 m s
-1 

respectively. 

In table 6 presented that the most EMTF nozzles N2, N3, N4 and N5 gave 

the highest DIX values and lowest drift values compared to the N1, N6 

and standard ISO nozzles at 1 m s
 -1

 wind speed. Therefore, the droplets 

velocity was 46.3 m s
-1

 and it is able to reduce the spray fallout. As well 

as, this result means that, it may be able to reduce the drift and fallout of 

spray by using these combined in EMTF nozzles. At wind speed 

condition 2 m s
-1

, the DIX parameter for the combined N5 (Lechler FT5-

608 & XR110-03 VK) nozzle tends to be as the DIX values for standard 

ISO nozzle.  

Effect of liquid pressure:  

In Tables 4, 5 and 6, the air pressure was significant effect on both 

parameters DIX and vertical drift percentage for all combined of EMTF 

nozzles N1, N2, N3, N4, N5 and N6. In figs. 11, and 12, the increase of 

liquid pressure tends to decrease of the vertical drift and increase the DIX 

values. As well as, the statistical analysis indicated that, the interaction 

between the low liquid pressures with injection angle was significant 

effect on both parameters DIX and vertical drift as shown in table 5. The 

DIX percent values for N5 (Lechler FT 5–608 & XR110-03 VK) nozzle 

and wind speed 1 m s
 -1

 were 77 % and 196.4 % at liquid pressure 60 kPa 

and 100 kPa, respectively. As well as the vertical drift percent values for 

above nozzle were 2.9 % and 1.2 % at liquid pressure 60 kPa and 100 

kPa, respectively. 

It is clearly that the liquid pressure is also one importance factor affecting 

on the reducing of drift percentage. The liquid pressure 100 kPa produced 

the lowest vertical drift and highest DIX values for N5 (Lechler FT5-608 

& XR110-03 VK) compared to 60 kPa liquid pressure for same nozzle. 

The DIX percent values for N5 (Lechler FT 5–608 & XR110-03 VK) 

nozzle and 45° co-angling were 52.2 % and 134.27 % at liquid pressure 

60 kPa and 100 kPa respectively. As well as the vertical drift percent 

values for above nozzle and 45° co-angling were 4.63 % and 1.93 % at 

liquid pressure 60 kPa and 100 kPa respectively. In generally, the 



Misr J. Ag. Eng., October 2009 451 

increasing of the liquid pressure tends to reduce the fallout spray and 

produce the low drift.  

Table 3: Shows the effect of the interaction of EMTF nozzles, co-angling 

and wind speed on the potential drift and Dix parameter  

Nozzles 
Co-

angling 

Wind speed 

1 m s
-1

 2 m s
-1

 3 m s
-1

 

DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

N1 
45° 39.2 6.0 37.1 6.3 35.8 6.7 

60° 35.9 6.5 34.0 6.9 32.8 7.3 

N2 
45° 116.7 2.2 38.7 6.7 28.6 8.5 

60° 108.1 2.4 35.7 7.3 26.5 9.1 

N3 
45° 119.4 2.1 45.7 5.3 34.4 6.7 

60° 110.2 2.3 42.0 5.7 31.5 7.2 

N4 
45° 125.5 2.0 49.9 5.4 42.8 5.9 

60° 115.1 2.2 45.0 5.9 39.7 6.5 

N5 
45° 149.6 1.9 65.5 3.9 65.5 4.1 

60° 124.8 2.0 53.3 4.9 49.4 5.2 

N6 
45° 65.8 3.4 56.0 4.0 37.3 6.1 

60° 89.4 2.9 54.1 4.3 43.6 5.0 

Se for DIX  7.085  Se for drift  0.354 

5% LSD for DIX  22.327  5% LSD for drift  1.117 

Effect of the co-angling 

In table 3, 5 and 6, the co-angling (injection angle) was significant effect 

on the reduction of potential drift for the N1, N3, N4, N5 and N6 nozzles. 

On the other hand, the increase of injection angle tends to increase the 

drift potential. The injection angle 60° at 60 kPa (0.6 bar) spray pressure 

gave the highest value of the drift potential characteristics as shown in 

figures 7, 9, 10 and 12. As well as, it was found that the 45° at 60 kPa (0.6 

bar) gave a highly effect compared to the 60° injection angle at same 

condition. A similar trend was found for the effect of the 45° at 100 kPa 

liquid pressures on the DIX and vertical drift. In figures 11 and 12 

presented that the interaction of the effect of the injection angle and liquid 
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pressure was significant affecting on the DIX and vertical drift. The 

optimum co-angling for EMTF nozzles was found at 45° that may be 

reduce the drift  potential and fallout of spray for all treatment conditions. 

The DIX percent values for N5 (Lechler FT 5–608 & XR110-03 VK) 

nozzle and wind speed 1 m s
-1

 were 149.5 % and 124.8 % at 45° co-

angling and 60° respectively. As well as the vertical drift percent values 

for above nozzle at 100 kPa liquid pressure and wind speed 1 m s
-1

 were 

1.9 % and 2 % at 45° co-angling and 60° respectively. 

In addition to, the DIX percent values for N5 (Lechler FT 5–608 & 

XR110-03 VK) nozzle and 100 kPa liquid pressure were 134.27 % and 

105.3 % at 45° and 60° co-angling respectively. As well as the vertical 

drift percent values for above nozzle at 100 kPa liquid pressure and wind 

speed 1 m s
-1

 were 1.93 % and 2.47 % at 45° and 60° co-angling 

respectively. 

Table 4: The effect of the interaction of EMTF nozzles, spray pressure 

and wind speed on the potential drift and Dix parameter 

Nozzles 
Pressure, 

kPa 

Wind speed 

1 m s
-1

 2 m s
-1

 3 m s
-1

 

DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

N1 
60 28.4 7.7 26.6 8.3 24.2 9.1 

100 46.7 4.7 44.6 4.9 44.4 4.9 

N2 
60 80.2 2.7 22.5 9.7 19.1 11.5 

100 144.6 1.6 52.0 4.2 35.9 6.1 

N3 
60 90.8 2.4 30.8 7.1 26.3 8.3 

100 138.8 1.6 56.8 3.9 39.7 5.5 

N4 
60 60.8 3.7 26.4 8.2 26.5 8.4 

100 179.9 1.3 68.5 3.2 56.1 3.9 

N5 
60 77.0 2.9 35.1 6.1 35.6 6.5 

100 196.4 1.2 83.8 2.6 79.3 3.8 

N6 
60 58.1 2.8 52.0 5.9 38.9 5.8 

100 97.0 2.5 58.1 4.5 42.0 5.2 

Se for DIX  7.0855  Se for drift   0.35471 

5% LSD for DIX  22.327  5% LSD for drift  1.11771 
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Table 5: The effect of the interaction of EMTF nozzles, co-angling and 

spray pressure on the potential drift and Dix parameter 

Nozzles Co-angling 

Pressure 

60 kPa 100 kPa 

DIX, % Drift, % DIX, % Drift, % 

N1 
45° 27.50 8.00 47.17 4.63 

60° 25.20 8.67 43.27 5.03 

N2 
45° 42.17 7.63 80.50 3.80 

60° 39.03 8.27 51.27 5.70 

N3 
45° 74.43 4.10 81.63 3.50 

60° 75.23 3.77 47.30 6.17 

N4 
45° 36.23 7.03 105.97 2.63 

60° 39.50 6.43 96.97 2.90 

N5 
45° 52.20 4.63 134.27 1.93 

60° 46.27 5.63 105.33 2.47 

N6 
45° 47.47 5.00 58.53 3.90 

60° 51.83 4.37 72.87 3.70 
Se for DIX  5.7852     Se for drift   0.2896     

5% LSD for DIX  18.226      5% LSD for drift  0.9126  

 

Airborne volume flux deposit results: 

Average airborne volume flux deposit resulting from the different spray 

applications nozzles are shown in Fig. 13. This figure shows the expected 

fallout of airborne volume profiles for all tested nozzle types at highest 

DIX values parameter. The highest fallout deposits were measured closest 

to the nozzle with a systematic decrease with vertical distance from the 

nozzle. The highest airborne deposits were found at the lowest collectors 

with a systematic decrease with increasing height above the wind tunnel 

floor. The nozzle N1 with the combination (FT 5.608+TT110-03) give the 

highest airborne value compared to the other EMTF nozzles N2, N3, N4, 

N5 and N6. On the other hand, the N5 nozzle with combined (Lechler FT 

5–608 & XR110ß03 VK) produced the low fallout of airborne volume 

flux as well as highest airborne volume flux for N5 nozzles was at 219.5 

% DIX value. 
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Fig. 5: Effect of liquid spray pressure on the DIX parameter for different 

EMTF nozzles. 

 

 

 

 

 

 

 

 

 

 

Fig.  6: Effect of Liquid spray pressure on potential drift parameter for 

different EMTF nozzles  
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Fig.  7: Effect of co-angling on the DIX parameter for different EMTF nozzles  

 

Fig. 8: Effect of co-angling on the potential drift parameter for different 

EMTF nozzles  
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Fig.  9 Effect of wind speed and co-angling on the DIX parameter for 

different EMTF nozzles  

 

 

 

 

 

 

 

 

 

Fig. 10: Effect of wind speed and co-angling on the potential parameter 

for different EMTF nozzles  
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Table 6: The effect of the interaction of EMTF nozzles, co-angling, spray 

pressure and wind speed on Dix and the potential drift parameter 

Nozzles 

  Wind speed 

Co-

angling 

Pressure, 

kPa 1 m s
-1

 2 m s
-1

 3 m s
-1

 

 
 DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

DIX, 

% 

Drift, 

% 

N1 

45° 60 29.6 7.4 27.7 7.9 25.2 8.7 

45° 100 48.7 4.5 46.5 4.7 46.3 4.7 

60° 60 27.1 8 25.4 8.6 23.1 9.4 

60° 100 44.7 4.9 42.6 5.1 42.5 5.1 

N2 

45° 60 83.3 2.6 23.4 9.3 19.8 11 

45° 100 150.1 1.5 54.1 4 37.3 5.9 

60° 60 77.1 2.8 21.6 10.1 18.4 11.9 

60° 100 139.0 1.6 49.8 4.4 34.5 6.3 

N3 

45° 60 94.3 2.3 32.1 6.8 27.4 8 

45° 100 144.4 1.5 59.2 3.7 41.3 5.3 

60° 60 87.2 2.5 29.5 7.4 25.2 8.6 

60° 100 133.2 1.6 54.4 4 38.1 5.7 

N4 

 

45° 60 63.3 3.5 28.1 7.8 27.1 8 

45° 100 187.7 1.2 71.7 3 58.5 3.7 

60° 60 58.2 3.8 24.7 8.5 25.8 8.8 

60° 100 172 1.3 65.3 3.3 53.6 4.1 

N5 

45° 60 77.7 2.8 38.1 5.4 40.8 5.7 

45° 100 219.5 1.1 93.2 2.3 90.1 2.4 

60° 60 76.3 2.9 32.1 6.8 30.4 7.2 

60° 100 173.2 1.3 74.4 2.9 68.4 3.2 

N6 

45° 60 60.4 3.6 51.3 4.3 30.7 7.1 

45° 100 71.1 3.1 60.7 3.6 43.8 5 

60° 60 55.8 3.9 52.7 4.6 47 4.6 

60° 100 122.9 1.8 55.5 3.9 40.2 5.4 

Se for DIX  2.5529      Se for drift   0.22420     

5% LSD for DIX  14.259      5% LSD for drift  0.78126   

This means that the N5 (Lechler FT 5–608 & XR110ß03 VK) nozzle may 

be able to reduce the low fallout airborne volume flux compared to 

Standard ISO nozzle and N1 nozzle which produced  at 43.7 % DIX 

value. The airborne values for N5 (Lechler FT 5–608 & XR110-03 VK) 

nozzle were 0.71 ml/s.mm , 0.07 and 0.046 ml/s.mm at ground level (zero 
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mm) , 500 mm  and 600 mm height, respectively. The airborne values for 

N1 (Lechler FT 5–608 & XR110-03 VK) nozzle were 2.81 ml/s.mm , 

0.17 and 0.068 ml/s.mm at ground level (zero mm) , 500 mm  and 600 

mm height, respectively. 

 

 

 

 

 

 

 

 

 

Fig. 11: Effect of wind speed and co/angling on the DIX parameter for 

different EMTF nozzles  

 

 

 

 

 

 

 

 

 

Fig. 12: Effect of wind speed, co-angling and spray liquid pressure on the 

potential drift parameter for different EMTF nozzles  
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Fig. 13: Display the airborne volume flux for different EMTF nozzles at 

different measuring height position. 

CONCLUSION 

Wind tunnel measurements were used to measure airborne and fallout 

spray volumes under directly comparable and repeatable conditions using 

single and static nozzles. Based on these measurements, DIX and vertical 

drift which express the percentage reduction of the drift potential 

compared with the reference spraying were calculated using DIX and 

vertical drift. The wind tunnel provided a method to assess spray drift of 

EMTF nozzles. The existing classification scheme for drift from standard 

fan nozzles could be used as a reference for assessment of the drift 

behavior of EMTF nozzles (and potentially for other spray generators).In 

most cases, EMTF nozzles produced lather drift than the standard flat fan 

nozzles under comparable conditions. However, at a low wind speed and 

100 k Pa liquid pressure, EMTF nozzles lower drift than the standard fan 

nozzles.  

In general, the results showed the expected fallout and airborne 

profiles. for the same nozzle size and spray pressure, DIX  values  were  

generally  higher  for  the  N5 nozzles  tested  followed  by  the standard 

flat-fan nozzles. The effect of nozzle type was more important for EMTF 

nozzle. Besides nozzle type, the co-angling of the nozzle also 

influenced liquid spray pressure. The N1 nozzle (FT 5-608 & TT110-03 

POM) produced the highest values for drift compared to both the 

standard flat-fan and the N5 (FT 5-608 & XR110-03VK) nozzles at a 
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constant spray pressure. In the statistical analysis, the all interaction of 

the co-angling 45° and 100 kPa gave the highest values of DIX and 

lowest values of the vertical drift In this case study, the co-angling 45° 

in EMTF nozzles may be the best co-angling which could be reducing 

the drift potential for all combined of EMTF nozzles. 
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 الملخص العربى

لفىانى رات الضغط المنخفض و الخلط الخارجى لمائعين  عن االناتج  الانجراف 

 على أساس قياسات نفق الهىاء

د. أنذريس هربست** د. السيذ محمىد البيلى صحصاح* ،  

 JKI ٘زٖ اٌذساسخ ثّشوض اٌجحٛس اٌفذساٌٝ ٌٍؼٍَٛ اٌضساػيخ ٚ اٌغبثبد ِؼٙذ  أجريت

(Application Techniques Division)  ّذيٕخ ثشٚٔشفيج ثأٌّبٔيب  حيش رٙذف ٘زٖ اٌذساسخ ث

فٝ اٌجضء اٌضبٔٝ ِٕٙب اٌٝ دساسخ اِىبٔيخ اٌحذ ٚ اٌزمٍيً ِٓ رطبيش سبئً اٌشش ثأسزؼّبي اٌفٛأٝ 

 Wind) )فٝ ٔفك اٌٙٛاء )اٌٙٛاء+اٌسبئً( ٚرٌه ثأخزجبسُ٘ راد اٌخٍػ اٌخبسجٝ ٌّبئؼيٓ

tunnelٌإٌسجخ  اٌزطبيش اٌشأسٝ ٚ ٔست ّؤششيٓحيش أسزؼًّ وً ِٓ ا DIX  ٚوزٌه

Airborne volume flux وّب أْ ِٓ أُ٘ أ٘ذاف  حفٝ رمييُ ٚ أخزجبس رٍه اٌفٛأٝ اٌجذيذ  .

اٌّطٛسح ِٓ   EMTFاٌجحش اظبفخ  اٌٝ ِب سجك ، اٌجحش فٝ ايجبد أفعً رشويجخ ِٓ اٌفٛأٝ 

ٛاق ٚ اٌّسزؼٍّخ فٝ اٌزطجيمبد اٌضساػيخ اٌفٛأٝ اٌّسزؼٍّخ فٝ سش اٌسٛائً ٚاٌّٛجٛدح ثبلأس

ثٙذف اٌحذ ٚ اٌزمٍيً ِٓ رطبيش سبئً اٌشش حيش أْ رطبيش سبئً اٌشش ٚفمذٖ دْٚ اٌٛصٛي اٌٝ 

يش ِجبشش غاٌعبس اٌّجبشش ٚاٌاٌٙذف يؼزجش ٚاحذ ِٓ أُ٘ اٌؼٛاًِ اٌّؤصشح فٝ رٍٛس اٌجيئخ ٚ اٌزأصيش 

رؼًّ ػٕذ ظغٛغ  EMTF٘زٖ اٌفٛأٝ ػٍٝ صحخ الأٔسبْ ٚ اٌىبئٕبد اٌحيخ الآخشٜ. ٚ 

أيعب رمًٍ ِٓ حجُ اٌّيبٖ اٌّسزؼٍّخ ِٕبسجخ ٌٍزطجيمبد اٌّىبفحخ اٌحيٛيخ ٚ٘ٝ ِٕخفعخ فٙٝ ثزٌه 

ِؼبًِ رصشفٙب ٚوزٌه اٌطبلخ ٚ اٌزىبٌيف اٌلاصِخ ٌؼٍّيبد اٌّىبفحخ. ٚ  فٝ اٌشش  ٔظشا ٌمٍخ

وّصذس ٌٍٙٛاء ٚ اٌزٜ  Lechler FT5.0 608لأجشاء ِب سجك ِٓ دساسخ رُ أسزؼّبي اٌفٛارٝ 

يؼًّ ػٍٝ رشصيض سبئً اٌشش ِغ سزخ أٔٛاع ِٓ اٌفٛأٝ ٌسبئً اٌشش ثغشض اٌحصٛي ػٍٝ 

اٌسبئً(.  ٚ ٌميبط   +راد اٌخٍػ اٌخبسجٝ ٌّبئؼيٓ) اٌٙٛاء EMTFاٌزشويجبد اٌسزخ ِٓ اٌفٛأٝ 

( ٚ  N6, N5, N4 N3, N2, N1شويجبد اٌسزخ إٌٝ رُ أخزيبس٘ب )ٍسبئً إٌبرج ِٓ اٌزاٌزطبيش ٌ

ٝ ٔن.ثسىبي ٌفٛا 056ن.ثسىبي ٌٍسبئً ٚ   066ن.ثسىبي   66ش٘ب ٌزؼًّ ػٕذ ظغطيٓ ّ٘ب يرطٛ

صلاصخ ِسزٛيبد ِٓ سشػخ  ػٕذ ٘بخزجبسيش رُ أح  66°،  45°اٌٙٛاء ٚ ثضاٚيزيٓ ٌحمٓ اٌسبئً ّ٘ب 

 33ػذد  يذ(.  ٚ لذ أجشWind tunnelَ/س فٝ ٔفك اٌٙٛاء ) 3َ/س ٚ  2َ/س ،  0اٌٙٛاء ُ٘ 

ِؼبٍِخ حيش صّّذ اٌزجبسة  فٝ رصّيُ لطبػبد وبٍِخ اٌؼشٛائيخ  ٌذساسخ ربصيش اٌؼٛاًِ اٌزبٌيخ 

ِٓ ٔٛع اٌفٛأٝ ، سشػخ اٌشيبح ، صاٚيخ حمٓ اٌسبئً ٌزشويجبد اٌفٛأٝ اٌّخزبسح ٚ ظغػ اٌسبئً 

 . DIXِٓ اٌّؤششيٓ اٌزطبيش اٌشأسٝ ٚػٍٝ ولا 

 

 ِصش. -جبِؼخ وفشاٌشيخ -وٍيخ اٌضساػخ -* ِذسط ثمسُ إٌٙذسخ اٌضساػيخ

 ( ثّذيٕخ ثشٚٔشفيج ثأٌّبٔيب (JKI** ثبحش ثّشوض اٌجحٛس اٌفذساٌٝ ٌٍؼٍَٛ اٌضساػيخ ٚ اٌغبثبد ِؼٙذ 



FARM MACHINERY AND POWER  

Misr J. Ag. Eng., April 2010 464 

ٝ ليبسيخ ٔوفٛان.ثسىبي  366ػٕذ ظغػ سبئً  Hardi ISO 03اٌفٛأٝ ِٓ ٔٛع  ذٚ ٌمذ أسزؼٍّ

Standard flat fan nozzles ٌٍّؤشش  066ش ِّىٓ ٚ ايعب ٚ اٌزٝ رؼطٝ ألً رطبي %DIX 

  .ٚ اٌّٛصٝ ثأسزؼّبٌٙب  ٝ صٛسح اٌزطبيشفاٜ أٔٙب رمًٍ فبلذ سبئً اٌشش 

 أهم النتائج المتحصل عليها :

ٚجذ ِٓ إٌزبئج اٌّزحصً ػٍيٙب أٔٗ يّىٓ اٌحذ ِٓ اٌزطبيش  ٌسبئً اٌرشش اٌعربس ثصرحخ الأٔسربْ 

اٌسرربئً(.  اٚ ثزغييررش فررٛأٝ   +ّرربئؼيٓ) اٌٙررٛاءٚ اٌجيئررخ ثأسررزخذاَ اٌفررٛأٝ راد اٌخٍررػ اٌخرربسجٝ ٌ

ن.ثسررىبي  ٚ٘ررٛ ِررب يؼٕررٝ أيعررب خفررط  066يً  غاٌسرربئً أٚ صاٚيررخ حمررٓ اٌسرربئً ػٕررذ ظررغػ رشرر

اٌطبلخ اٌلآصِخ ٌٍزشغيً ٚ ثبٌزبٌٝ رىبٌيف ػٍّيخ اٌشش ػلاٚح ػٍٝ أٔٗ يّىرٓ أسرزؼّبي اٌفرٛأٝ فرٝ 

 N1د اٌزمٍيذيررخ. اٌفررٛأٝ  راد اٌزشويررت اٌّمبِٚررخ اٌجيٌٛٛجيررخ ٚ اٌزررٝ يصررؼت رطجيمٙررب فررٝ الآا

((TT110-03+ Lechler FT 5 – 608  ٝلريُ ٌٍزطربيش اٌشسسرٝ ٚ ألرً  لريُ ٔسرتأػطرٝ  أػٍر

اٌزطبيش  ليُ ٔستِمبسٔخ ثجبلٝ اٌفٛأٝ اٌّسزؼٍّخ ِٛظغ اٌذساسخ حيش وبٔذ  DIXٌٍّؤشش  ٔست

ٚ  .ثسىبي ٌٍٙرٛاءن 056ػٕذ ظغػ   % DIX  ٝ٘3.4  ٚ %2..6 اٌّؤشش ليُ ٔستاٌشسسٝ ٚ 

ػٍرٝ  ن.ثسرىبي 066ٚظرغػ سربئً اٌرشش  45°ٓ يَ/س ٚ صاٚيخ خٍػ ٌٍّربئؼ 0ػٕذ سشػخ ٘ٛاء 

 DX1120-03VK+Lechler)راد اٌزشويرت  N5اٌزشريت. ِٓ ٔبحيرخ سخرشٜ أػطرذ اٌفرٛأٝ 

FT 5 608)  ًٌٍّؤشش  ليُ ٔستٌٍزطبيش اٌشسسٝ ٚ أػٍٝ  ليُ ٔستأػطٝ ألDIX   ِٝمبسٔخ ثجربل

  % 0.0 ٘رٝ DIX اٌّؤشرش ليُ ٔسرتاٌزطبيش اٌشسسٝ ٚ ليُ ٔست ّسزؼٍّخ . حيش وبٔذ اٌفٛأٝ اٌ

َ/س ٚ صاٚيررخ خٍررػ  0ٚ ػٕررذ سررشػخ ٘ررٛاء  ن.ثسررىبي ٌٍٙررٛاء  056ػٕررذ ظررغػ  % 4..20ٚ 

 .اٌزشريتن.ثسىبي ػٍٝ  066ٚ ظغػ سبئً اٌشش  45°ٓ يٌٍّبئؼ

 ٔسجخ ألًب أٔٗ يّىٓ اٌحصٛي ػٍٝ وّ ح ظغػ اٌسبئً يؤدٜ اٌٝ رمٍيً اٌزطبيشٚجذ أٔٗ ثضيبدٚ ٌمذ 

ثزغييش صاٚيخ اٌحمٓ ٌسبئً اٌشش فمػ دْٚ أظبفخ أٜ رىبٌيف ِٓ صيبدح اٌعغػ ٚ ثبٌزبٌٝ  رطبيش

.  أيعب يّىٓ اٌحصٛي ػٍٝ ػذد ضّٓاٌطبلخ اٌلاصِخ ٌٍزشغيً أٚ أسزجذاي اٌفٛأٝ ثأخشٜ ِشرفؼخ اٌ

ثبٌذِج ثيٓ ٔٛػيٓ ِٓ اٌفٛأٝ  راد اٌخٍػ اٌخبسجٝ ٌّبئؼيٓ ٚرٌه EMTFوجيش ِٓ اٌفٛأٝ  

أحذّ٘ب ٌٍسبئً ٚ اٌزٜ يؼًّ ػٕذ ظغٛغ ِٕخفعخ ِغ سخشٌٍٙٛاء ٚ اٌزٜ يؼزجش ِصذس ٌٍطبلخ 

 سبئً اٌشش ٌٍحذ ِٓ فمذ سبئً اٌشش فٝ صٛسح اٌزطبيش اٌزٜ يؤصش ػٍٝ الأٔسبْ صِخ ٌزشصيضاٌلا

 ٚ اٌجيئخ.

اٌرٝ صيربدح اٌزطربيش ِرٓ اٌفرٛأٝ   ررؤدٜ   wind tunnelٚجرذ أٔرٗ ثضيربدح سرشػخ اٌٙرٛاء فرٝ ٚ لرذ

EMTF  ٝٔراد اٌخٍرػ اٌخربسجٝ ٌّربئؼيٓ . وّرب اْ اٌفرٛاN2, N3, N4 , N5    ِٝٔرٓ اٌفرٛا

EMTF  فٝ َ/س  0ػٕذ سشػخ ٘ٛاءwind tunnel  ٌٍّٝؤشرش  لريُ ٔسرتأػطرذ أػٍر DIX  ٚ

سٔرخ برطربيش سسسرٝ ِم ٔسرت اٌزٜ ٘ٛ داٌرخ ٌخفرط اٌزطربيش ٚ رمٍيرً فبلرذ سربئً اٌرشش ٚأيعرب ألرً

 066ػٕرذ ظرغػ سربئً اٌرشش  N1, N6ٚ اٌفرٛأٝ  Standard ISO Hardiثربٌفٛأٝ اٌميبسريخ 

 دسجخ. 45ن.ثسىبي ٚ صاٚيخ حمٓ 

أػٍرٝ   (Lechler FT 5–608 & XR110-03 VK)راد اٌزشويرت   N5ثيّٕب أػطذ اٌفرٛأٝ

ػٕرذ سرشػخ  EMTFٚ ألً رطبيش ٚفمذ ٌسبئً اٌشش ِمبسٔخ ثجبلٝ اٌفٛأٝ ِرٓ   DIXٌٍّؤشش  ليُ

 .wind tunnelفَٝ/س  2٘ٛاء 


