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Résumé en français 

Identification de descripteurs macroscopiques de la 

dérive de pulvérisation pour sa modélisation 

1. Contexte de la thèse 

1.1. La dérive  

Plusieurs études ont porté sur la dérive de pulvérisation en agriculture et il est démontré 

qu’une certaine quantité du liquide pulvérisé n’atteint pas la zone cible. Ce phénomène, connu 

sous le nom de la dérive de pulvérisation, est défini par la norme NF ISO 22866, 2005 comme 

le mouvement physique d’un spray en dehors de la zone cible sous l’effet du vent au moment 

de l'application. Selon le type d’application, les pertes en dérive de pulvérisation peuvent être 

extrêmement variables. La dérive est en partie responsable de la pollution des cours d’eau, de 

dégâts occasionnés sur des parcelles adjacentes, mais également de nuisances pour les 

riverains et le voisinage. Ainsi une réglementation européenne vise à limiter la pollution des 

cours d’eau en instaurant des zones non traitées combinées à des moyens physiques de 

réduction de la dérive des sprays (Directive cadre sur l’eau citée par Sinfort and Bonicelli, 

2010). Des mesures telles que la mise en place de ZNT de 5 mètres au voisinage des points 

d’eau identifiés en trait bleu continu ou pointillé sur une carte IGN au 1/25000 ont déjà été 

prises dès 2006 (Arrêté du 12/09/2006). Selon leur toxicité, les produits de protection des 

plantes sont donc affectés d’une distance maximale de traitement au bord des cours d’eau. 

L’utilisation d’un moyen officiellement reconnu de réduction de la dérive permet de réduire la 

distance de 20m ou 50m à 5m.  

Les facteurs influençant la dérive sont nombreux et il est possible de les classer en trois 

catégories.  

(i) Les facteurs liés au spray : Les technologies d’atomisation utilisées (ex. buses) produisent 

un spray composé de gouttes dont la taille et la vitesse varient selon une dimension spatiale 

qui peut être cartographiée et selon une dimension temporelle liée à la perte d’énergie et à 

l’évaporation des gouttes lors du transfert atmosphérique. Plus les gouttes sont fines, plus 

elles sont sujettes à la dérive (Salyani and Farooq, 2004). De plus, l’angle principal du spray  

peut influer sur la taille des gouttes et également sur la dérive. Pour une buse de calibre 03 

à  3 bar, le passage d’un angle de 110° à 65° entraîne une augmentation du Dv0.5 de 260 à  
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340 µm (Miller et al., 2011). De plus, la composition physico-chimique de la bouillie peut 

jouer un rôle  important sur la taille des gouttes. D’une manière générale, la formulation des 

produits phytosanitaires peut également limiter les pertes dans l’atmosphère grâce à 

l’utilisation d’adjuvants ex-temporanés ou de coformulants (Stainier et al., 2006). Parmi les 

facteurs physico-chimiques d’importance, la tension de surface et la viscosité interviennent 

dans le processus d’atomisation et peuvent aussi influer sur la dérive (Hilz and Wermeer, 

2013).  

 

(ii) Les facteurs liés aux réglages et aux conditions atmosphériques : La hauteur de la rampe, 

l’orientation des buses, la vitesse d’avancement ainsi que les conditions climatiques 

(température & humidité de l’air, vitesse et orientation du vent) sont des grandeurs 

d’influence.  

Par exemple, l’effet de la hauteur de la rampe sur la dérive des sprays a été étudiée au champ 

(De Jong et al., 2000 ; De Schampheleire et al., 2008) ou en soufflerie (Taylor et al., 2004; 

Miller et al., 2011). Dans tous les cas, une hauteur de rampe plus importante entraîne une 

augmentation de la dérive et ce d’autant plus que les gouttelettes produites sont fines.  

L’intensité du vent et sa direction sont les paramètres externes au spray les plus influents. Si 

ces paramètres sont difficilement maîtrisables et reproductibles au champ, leurs effets peuvent 

être plus facilement étudiés en soufflerie avec des conditions atmosphériques contrôlées.  

(iii) Les facteurs liés à la végétation et son stade de développement: La dérive peut être 

influencée par le type de cultures et le système d’application associé, la densité du feuillage et 

le stade végétatif (Van de Zande et al., 2014). Par exemple, la taux de pertes au moment de 

l’application dépend directement de la configuration du pulvérisateur et du stade végétatif 

(Fig.1) (source: J. Van de Zande et al., 2014) 

 

Figure 1: Evolution de la dérive 

en verger selon le stade 

végétatif (verger pomme) 

Comme le montre la figure 1, les 

stades précoces sont caractérisés 

par une porosité plus importante 

et une surface foliaire plus faible; 

la dérive est donc plus 

importante.  
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La vitesse et l’orientation des flux d’air,  le volume d'application, le spectre de taille de 

gouttes et la vitesse de l'application doivent en général est adaptés à la configuration de la 

végétation (taille, forme et densité) afin de réduire la dérive dans les vergers (Fox et al., 

2008). 

La dérive de pulvérisation peut être mesurée au champ dans le cas d’un appareil complet de 

pulvérisation selon la norme NF ISO 22866, 2005. Cependant compte tenu des contraintes 

météorologiques, ces mesures sont coûteuses et difficilement répétables.  

Ainsi, l'utilisation d’une soufflerie expérimentale permet de fixer et de contrôler les 

conditions météorologiques telles que la vitesse du vent, la température et l’humidité relative 

de l'air limitant ainsi la variabilité des résultats.  

De nombreuses études ont porté sur l’étude de la dérive en soufflerie et l’article suivant tente 

d’en faire une synthèse bibliographique (Alheidary et al., 2014) 

 

Cet article correspond à une compilation des données publiées qui a permis de faire ressortir 

les grandes tendances en matière de facteurs influençant la dérive. Ainsi, si l’influence de la 

taille des gouttes sur la dérive est connue depuis longtemps et confirmée par toutes les 

données, l’influence de la vitesse des gouttes semble plus contradictoire. Les effets combinés 

de la tailles de gouttes, du calibre, de l’angle des buses et de la pression d’alimentation rend 

difficile la généralisation des phénomènes. En particulier, cette étude a notamment montré 

que selon la technologie des buses (jet plat, pré-orifice ou induction d’air), la relation entre 

la taille et la vitesse des gouttes était spécifique. L’influence  physico-chimie  de la bouillie est 

elle-aussi importante même si, ici aussi, les phénomènes sont difficilement généralisables. En 

particulier, l’effet d’adjuvants peut être visible avec de l’eau mais peut se retrouver masqué 

lorsque l’adjuvant est utilisé avec une substance active. Enfin des pistes de recherche sont 
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ouvertes sur la question de la distribution spatiale des tailles et vitesses de gouttes mais 

relativement peu de données ont été publiées sur ce point.  

D’une manière générale les études ayant porté sur la mesure de la dérive de pulvérisation en 

soufflerie ont généralement utilisé le protocole normalisé NF ISO 22856, 2008. Dans ce cas, 

une seule buse est placée en position frontale et soumise à une vitesse de vent de 2 m s-1. Les 

mesures sont généralement réalisées avec des sprays courts (5 à 10 s) et l’analyse nécessite le 

dosage d’un traceur sur des collecteurs (fils nylon de 2 mm de diamètre) placés à différentes 

hauteurs ou distances.  

Dans ce contexte, la soufflerie d’IRSTEA Montpellier est originale car elle permet de 

travailler avec une mini rampe allant jusqu’à 4 buses. Différentes positions de la rampe par 

rapport à l’axe du vent peuvent être testées et notamment les positions frontales et latérales. 

Enfin cette soufflerie est capable de générer des vitesses de vent de 0 à 12m.s-1 et la mesure de 

la dérive fait appel à un banc de répartition permettant une évaluation quantitative des dépôts 

tous les 5 cm sur une distance totale de 9m.  

1.2. Objectif de la thèse 

 

L'objectif principal de ce travail est d’identifier des descripteurs macroscopiques de la dérive 

de pulvérisation en soufflerie sur la base de l’étude des courbes de dépôt et de modéliser 

l’effet de différents paramètres d’influence. S’il existe plusieurs modèles de dérive de 

pulvérisation au champ (Driftsim, Agdrift, IDEFICS, CFD), ceux-ci sont très dépendants des 

conditions atmosphériques qui bruitent l’effet des conditions de réglage telles que la vitesse 

d’avancement ou la hauteur de la rampe. Par ailleurs, il n’existe pas vraiment de modélisation 

de la dérive en soufflerie qui mette clairement en évidence l’effet de la vitesse du vent, de 

l’orientation du vent et de la hauteur de la rampe.  

Pour réaliser cette étude, la démarche employée a été la suivante: 

Tout d’abord, l’état de l’art en matière de facteurs physiques influençant la dérive des sprays a 

été investigué notamment pour mettre en évidence l’effet de la taille et de la vitesse des 

gouttes, la composition physico-chimique des bouillies et l’influence des facteurs 

atmosphériques.  
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Ensuite, une étude expérimentale dans la soufflerie d’IRSTEA a permis de définir différents 

descripteurs sur la base de courbes de dérive avec un nombre suffisamment important de 

modalités entre le type de buse, la vitesse du vent, la hauteur et la position de la  rampe. 

Enfin, l’analyse des résultats a conduit à l’identification d’au moins un descripteur de dérive 

qui réponde à la variation de la vitesse du vent, de la position et de la hauteur de la rampe. 

Idéalement, la modélisation du comportement de ce descripteur, corroborée par des mesures 

de granulométrie in situ, a permis de développer un simulateur de dérive pertinent.   

1.3. La soufflerie et le banc de mesure 

Les données utilisées dans ce travail ont été obtenues lors de mesures réalisées dans la 

soufflerie d’IRSTEA–Montpellier entre les mois d’Octobre 2012 et Janvier 2015. Cette 

soufflerie à recirculation d’air a une section de 3 x 2m sur une longueur de 9m. A l’étage 

supérieur se trouve le module de génération et de contrôle des conditions de vent avec 6 

ventilateurs à entrainement hydraulique, un groupe frigorifique et des résistances thermiques.  

La vitesse de vent est contrôlée avec un anémomètre situé à la hauteur de la rampe et qui peut 

être réglée de 0 à 12 m s-1, la température est maintenue à 20°C et l’humidité relative de l’air 

doit être de 90% minimum. 3 vitesses de vent caractéristiques ont été retenues pour cette 

étude : 2, 4 et 7.5 m s-1. La vitesse de 7,5 m s-1 (25 km/h) est supérieure à la vitesse maximale 

de vent autorisée pour la pulvérisation en France (19 km/h). Elle a été choisie car elle permet 

d’obtenir le même taux de réduction de la dérive entre 3 buses candidates (AVI 02 – 2.5 bar, 

AVI 02 – 3.5 bar et ADI 02 - 2.5 bar) et la buse de référence (AXI 02 – 2.5 bar) à partir de 

mesures au champ entre 5 et 50m et de mesures en soufflerie entre 5 et 8 m (Liet et Polveche, 

2009).  La vitesse de 2 m s-1  est la vitesse utilisée avec un protocole d’exposition courte 

(Allemagne, Angleterre, Belgique, cf. §1.3.3.2 – Tableau 4). La vitesse de 4 m s-1 a été 

choisie car elle correspond à une vitesse intermédiaire entre les deux précédentes.  

La partie inférieure de la soufflerie comprend une rampe équipée de 4 buses espacées de 

50 cm et d’un capteur de pression. L’alimentation des buses se fait via un débitmètre 

électromagnétique. Cette rampe peut être orientée de manière parallèle à la direction du vent 

(dérive latérale) ou perpendiculaire (dérive frontale) ou de manière intermédiaire (ex. 15°, 

30°, 45°, 60° et 75°). La hauteur de la rampe est réglable de 0.10m à 1.20m. La pulvérisation 

issue de la rampe est captée par un banc de répartition horizontale composé de 180 gouttières 
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de 0,05 m de large et 3 m de long. La longueur totale du banc d'essai de répartition est de 9 m 

et inclut une zone de spray direct sous la rampe et une zone de dérive. 

Le liquide pulvérisé correspond à de l’eau adoucie. A l’heure actuelle, la soufflerie n’est 

compatible avec l’usage d’adjuvant ou de produits de protection des plantes. Le liquide 

collecté aux différentes distances par le banc de répartition est mesuré par un dispositif mobile 

comprenant 60 tubes de 500 ml de capacité placés sur un banc individuel de pesée. La portée 

du banc mobile étant de 3m, le banc se déplace selon un incrément de 1m afin de couvrir la 

zone de mesure (Fig. 2). Au total, 7 positions sont nécessaires pour investiguer la plage de 

mesure de 9m du tunnel. 

 

 

 

 

 

 

Figure 2: Différentes positions de la rampe 

 

Selon la Fig.3, chaque gouttière est donc mesurée de 1 à 3 fois selon sa position par rapport à 
la rampe (axe des abscisses Fig. 3). Seuls le premier et le dernier mètre n’est mesuré qu’une 

seule fois.   

 

6.75 

Wind Wind  

 

      

 

lateral position 

 

frontal position 

-1.25 0 7.75 -2.25 0 2 3 4 5 6 7 
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 Figure 3: Répétition des mesures par gouttière en fonction de la distance- rampe en 

position.   

1.4. Caractéristiques des buses 

 

Trois technologies de buses ont été utilisées dans cette étude et sont présentées dans le 

Tableau1 ci-dessous. Tout d’abord, le calibre des buses (02) à une pression d'injection de 2,5 

bar est considéré comme la situation de référence en France et conduit à un volume 

d'application de 110 l ha-1 en considérant une vitesse d'avancement de 8 km h-1.  La buse AXI 

est une buse à jet plat (Flat Fan) et correspond à la buse de référence pour la dérive de 

pulvérisation en France. La buse CVI est une buse à inclusion d’air (AI) et est inscrite comme 

moyen de limitation de la dérive.  Par contre, la buse CVI Twin 02 est également une buse à 

inclusion d’air, double jet, mais n’est pas inscrite comme moyen de limitation de la dérive. 

Ces dernières buses ont été développées notamment pour améliorer l’efficacité de traitement 

sur les épis de céréales. Ces buses ont été intégrées au protocole afin d’étudier l’effet de la 

configuration des sprays sur la performance anti-dérive.    
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Table 1: Caractéristiques des buses  

Buse Type  Angle/calibre 
VMD 
µm 

Débit 
L min-1 

Pression 
bar 

AXI Jaune Flat Fan 110/02 164.9 0.73 2.5 

CVI Jaune Flat Fan-inclusion d’air 110/02 434.6 0.73 2.5 

CVI Twin 
Jaune  

Flat Fan- inclusion d’air double 

jet 
110/02 380.0 0.73 2.5 

 
VMD : Diamètre Volumétrique Médian 

La taille de gouttes a été mesurée avec un appareil Malvern Spraytec en considérant le scan 

d’un spray de pulvérisation complet.   

 

1.5. Mesure des dépôts de dérive sédimentaire 

Les tubes (éprouvettes) situés sous les gouttières du banc de répartition se remplissent avec un 

certain débit selon la distance à la rampe, le calibre des buses et la pression d’alimentation, la 

hauteur de la rampe et de la vitesse du vent. Lorsque la première éprouvette est pleine, l’arrêt 

des mesures est commandé et une pesée finale est effectuée. Les données brutes 

correspondent pour chaque distance par rapport à la rampe, à une masse acquise selon un 

certain temps. Lorsque plusieurs mesures sont effectuées à la même distance par des 

éprouvettes différentes, la courbe de dérive est construite sur la base de la moyenne des 

mesures.  

1.6. Analyse des dépôts de dérive sédimentaire  

Les données brutes sont converties en débit collecté en tenant compte du temps d’acquisition 

pour chaque position du banc (cf Fig. 2). Le débit collecté au niveau de chaque gouttière est 

normalisé par le débit total injecté au niveau de la rampe et est exprimé en pourcentage (% de 

débit ou débit relatif). Le débit relatif est ensuite cumulé le long du banc de répartition. Enfin, 

la valeur opposée au débit relatif cumulé, appelé taux de dérive (ou Drift ratio Dr), est calculé 

selon l'équation 1 (Douzals et Alheidary, 2014). 

                                   (1) 
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Où Dri est le taux de dérive en % à une position i, qi,  est le % de débit (débit relatif) à la 

position i en %. 

2. Modalités  

Ce travail comporte 99 modalités différentes qui ont été réalisées dans la soufflerie 

d’IRSTEA- Montpellier. Le plan expérimental est basé sur un inventaire réaliste des pratiques 

courantes de pulvérisation et comprend 3 types de buses, 3 vitesses de vent, 3 hauteurs de la 

rampe et deux orientations principales de la rampe (Figure 4).  

 

Figure 4: Plan expérimental  

3. Résultats  

 

Ce chapitre Résultats comporte 4 parties correspondant à des publications différentes.  

La première partie correspond à des tests préliminaires sur l’effet du nombre de buses dans les 

deux positions de la rampe (3 buses – 3 vents – 60 cm)  (Douzals and Alheidary, 2014).  

La deuxième partie décrit l’ensemble des résultats obtenus en soufflerie (3 buses, 3 vents, 3 

hauteurs, 2 positions + essais angles de rampe) et une discussion autour du choix des 

descripteurs de la dérive (Alheidary et al., 2016-1, soumis) 
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La troisième partie définit les relations entre les paramètres d’influence (vitesse du vent et la 

hauteur de la rampe) et le taux de dérive à travers le temps de vol (ToF) pour chaque type de 

buse. (Alheidary et al., 2016-2, soumis) 

La quatrième partie permet de valider la représentation en temps de vol (ToF) grâce à des 

mesures de taille des gouttes in situ. (Alheidary et al., 2016-3, soumis). 

 

3.1. Partie 1: Effet du nombre de buses dans les deux positions de la 

rampe  

 

Différentes configurations expérimentales sont testées en soufflerie pour étudier l'effet de la 

vitesse du vent de 2 à 7.5 m s-1, le nombre de buses de 1 à 4 buses et la position de la rampe 

par rapport à la direction du vent (position frontale ou latérale de la rampe). Une seule hauteur 

de rampe (60 cm) a testée dans cette étude.  

Les résultats ont montré (Fig.5) qu’en position frontale, tous les sprays sont dans la même 

position par rapport à la direction du vent et génèrent des courbes de dépôt identiques. Ainsi 

le nombre de buses n’influe pas sur la forme des courbes de dérive. Aucune interaction entre 

sprays n’a pu être mise en évidence pour des vitesses de vent de 2, 4 et 7.5  m s-1. À l'inverse, 

en position latérale (Fig. 6), le nombre et la position des sprays sur la rampe joue un grand 

rôle sur la courbe de dérive générée (débit relatif et taux de dérive). Le premier et le second 

spray proches de la source de vent sont les plus impactés et tendent à « protéger » les autres 

sprays situés derrière eux. En position latérale, la distance de référence évolue avec le nombre 

de buses mais est définie comme étant la demi-inter-distance après la dernière buse de la 

rampe (EN ISO 16119-2).  
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Figure 5: Effet du nombre de buses et de la vitesse de vent en position frontale sur le 

taux de dérive (Dr), (FF: buses Flat Fan) - Hauteur 60 cm. Les points en légende 

illustrent les différentes configurations de rampe à la vitesse de 2 m s-1. 

 

Figure 6: Effet du nombre de buses sur le débit relatif en position latérale – vent 4 m s-1 

et buses FF  - Hauteur 60 cm 
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3.2. Partie 2 : Identification et validation de descripteurs de la 

dérive  

99 modalités ont été testées pour mesurer la dérive en soufflerie. Différents descripteurs ont 

été identifiés (Fig. 7) sur les courbes de dérive brute (___), de la dérive cumulée (- - - ) et 

du taux de dérive ( ___ ).   

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Identification des indicateurs de la dérive, (1) le taux de dérive à 5m ; (2) 

barycentre des dépôts; (3) le taux de récupération ; (4) l’intensité du pic de dépôt; (5) la 

position du pic de dépôt 

Les résultats ont rapidement montré que l’intensité et la position du pic de dépôt sont 

inadaptées pour différentes raisons :  

- Les gouttières ayant une largeur de 5 cm, des mesures de précision ne sont pas 

envisageables,  

- En position latérale, chaque buse génère un pic ce qui limite l’interprétation des 

résultats  

Le barycentre des courbes de dérive traduit la répartition spatiale des dépôts selon la distance 

mais ne tient pas réellement compte de l’intensité des dépôts. Deux courbes peuvent donc 

générer des barycentres identiques alors que les valeurs de dépôts sont quantitativement très 

différentes.  
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Enfin, le taux de dérive à 5 m (Dr5) correspond à l’inverse du taux de récupération à 5m sous 

le vent. Ces deux indicateurs sont apparus pertinents dans toutes les situations et notamment 

dans toutes les positions de la rampe.  Pour des raisons pratiques de comparaison des résultats 

avec les données existantes issues du protocole développé à IRSTEA, le taux de dérive à 5m a 

été finalement choisi. L’évolution de cet indicateur avec la vitesse de vent et la hauteur de la 

rampe a été étudiée avec des régressions linéaires multiples. Celles-ci ont montré l’effet 

prédominant de la hauteur de la rampe sur la vitesse du vent  avec un rapport H/V de 11 à 38 

selon les modalités.  

3.3. Partie 3 : Approche cinématique selon le temps de vol 

 

Les résultats précédents, fonction de la distance, ont été exprimés en fonction du temps de vol 

des gouttes (Time-of-Flight, ToF) en prenant l’hypothèse que la vitesse de vent prédomine sur 

la vitesse initiale des gouttes issue du processus d’atomisation. Le temps de vol est alors 

défini comme le rapport entre la 

distance de sédimentation et la 

vitesse du vent. En utilisant cette 

approche, les courbes de taux de 

dérive pour différentes vitesses de 

vent se retrouvent superposées 

(Fig. 8).  

 

Figure 8: Taux de dérive en 

fonction du temps de vol (ToF) 

selon différentes vitesses de vent- 

Position frontale 

Ce changement d’échelle permet une meilleure superposition des courbes de dérive (Dr5) en 

position frontale (Fig. 8) qu’en position latérale. 
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De même, il est possible de 

simuler l'effet de la hauteur 

de la rampe dans 

différentes positions en 

appliquant la 

représentation par  temps 

de vol et une 

transformation 

proportionnelle selon la 

hauteur (Fig. 9).  

Figure 9: Comparaison du taux de dérive entre des valeurs mesurées (60 cm) et des 

valeurs simulées à partir des hauteurs 40 et 80 cm. Buses AXI - Position frontale 

3.4. Partie 4 : Validation du modèle de temps de vol par des mesures 

de granulométrie in situ.  

Des mesures de taille de gouttes ont été réalisées en utilisant un granulomètre Malvern 

Spraytec à différentes distances et différentes vitesses de vent pour les 3 types de buses en 

position frontale et latérale. Les résultats montrent une bonne corrélation entre la taille des 

gouttes (Dv0.5) et le temps de vol (ToF) (par exemple ToF = 1 seconde,  Fig. 10).  
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Figure10: Relation entre la taille de gouttes et le temps de vol (ToF) – buse jet plat en 

position frontale 

Ces premiers résultats ont été obtenus principalement en position frontale. Dans ce cas, les 

courbes obtenues sont assez différentes pour la buse à jet plat et les buses à induction d’air. 

L’hypothèse avancée serait que la vitesse respective des gouttes à l’éjection de la buse serait 

différente entre ces buses et induirait des pentes spécifiques. En position latérale, peu de 

données ont pu être acquises du fait d’une densité de gouttes trop faible pour réaliser une 

mesure. Cependant, dans les cas ou une mesure a pu être réalisée, les résultats confirment 

ceux obtenus en position frontale.  

Par ailleurs, ces résultats préliminaires ont été comparés à ceux issus de certains modèles (Ex. 

Driftsim) ou issus de données existantes avec une bonne correspondance.   
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4. Conclusions     

 

Ce travail visait à définir des descripteurs macroscopiques de la dérive des sprays sur la base 

de mesures en soufflerie équipée d’un banc de répartition. Différentes conditions 

expérimentales ont été testées telles que le nombre de buses, le type de buse, la hauteur de la 

rampe, l'orientation de la rampe et la vitesse du vent.  

Le premier résultat correspond à la définition du taux de dérive à 5m (Dr5) comme étant 

l’indicateur de dérive le plus pertinent lorsque l'on considère les multiples combinaisons de la 

hauteur de la rampe, de la vitesse du vent et de la position de la rampe. La robustesse de cet 

indicateur a permis de modéliser, pour chaque buse et pour chaque position de la rampe, les 

paramètres d’influence (vitesse de vent et hauteur de rampe) avec un modèle de premier ordre 

à travers la notion de temps de vol (ToF). Ce changement de repère permet maintenant de 

comparer des essais qui n’étaient pas comparables auparavant et pourra également trouver des 

applications dans l’analyse des essais au champ ou les conditions de vent sont par nature très 

variables.  

Le deuxième résultat correspond à la relation trouvée entre le temps de vol et la taille des 

gouttes mesurées in situ. Ce résultat montre la prédominance du transport horizontal des 

gouttes selon leur taille par le vent sur la trajectoire des gouttes à l’éjection. Les quelques 

comparaisons effectuées avec des modèles de dérive existants (ex Driftsim) démontrent la 

pertinence de ce résultat. Par contre les différences de résultat entre la buse à jet plat et les 

buses à induction d’air dans l’espace ToF restent à élucider. 

5. Perspectives  

 

Ce travail pourra être poursuivi sur le plan de la recherche expérimentale, de la modélisation 

et sur le plan appliqué. La pertinence de la représentation ToF pour des essais au champ 

pourrait être testée dans le but de mieux comparer des conditions de vent distinctes.  

De plus, l’effet de la pression n’a pas été considéré comme prioritaire lors ce travail, compte 

tenu du nombre important de variables étudiées. Pour être exhaustive, cette étude nécessiterait 

d’intégrer la pression dans les modèles prédictifs de la dérive.  
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Les potentialités d’extension du domaine d’étude (hauteur – vitesse de vent – pression) 

mériteraient d’être définies. Par exemple, la validité du simulateur de hauteur pour des valeurs 

de 1.20 m ou 0.3m pourrait être vérifiée.  

Enfin, ces travaux offrent des perspectives en matière d’harmonisation des mesures de dérive 

potentielle en soufflerie (future révision de la norme NF ISO 22856) et notamment pour la 

comparaison de protocoles à exposition de longue et de courte durée.
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Chapter 1: General introduction 

 

The supply of agricultural products in quantity and quality is considered as an important issue 

to human life because of the worldwide food demand that is increasing (FAO, 2012). To 

achieve this aim, the improvement of agricultural production yield is necessary. On the other 

hand and in parallel with the increasing needs for food production, public health issues are to 

be solved (ex. vectorial diseases carried by insects, mosquitoes, etc). For the moment, both 

agriculture and public health issues are managed considering the use of pesticides. However 

the pesticide use involved controversies due to human health and safety as well as 

environmental contamination. 

Generally, pesticide is a chemical or biological product used to protect a biological target site 

(plants or animals) from pests or diseases.   

Pesticides can be classified (i) by the target pest group into different types (i.e. herbicides, 

insecticides, fungicides, rodenticicides, and pediculicides), (ii) by their biological mode of 

action (contact, systemic) or (iii) by their mode of application (fog, mist, spray, powder).  

The need in pesticide use in agriculture is a worldwide necessity, as an unavoidable way to 

control the impact of pest, diseases, weeds that affect the crop yield. Pesticide use is also a 

necessity when more food is expected from the same or a reduced agricultural surface area.  

(Eurostat, 2013) reported that approximately 67.3 million tones of pesticides are applied in 

France for agricultural applications. France is considered as the third top pesticide consumer 

country in the world and the second in Europe.  

Most of pesticides are applied in liquid formulations and require spraying equipment. 

Agronomical specifications of a spray application have evolved during these last 20 years. 

Advices and practices in the 80’ and 90’ were mostly focused on a uniform distribution of 

small and numerous impacts per cm² (Prokop and Veverka, 2006). Nowadays, due to 

environmental considerations and the more systematic use of drift mitigation equipments, a 

smaller number of bigger impacts per cm² is accepted and seeked.  

The use of systemic active ingredients (ex. Glyphosate) was promoted by such strategy. 

However, the question of the ideal distribution of impacts is still open for contact mode of 

action products.  
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1.1. Efficacy criteria of a spray application 

The purpose of a spraying application in agriculture is to place an effective and uniform 

product amount on the intended target zone. The quality of a spray application can be 

assessed through different time scales. Shortly after the application, deposition amount, 

impact size and number on targets can be evaluated by using dye tracer or image analysis 

techniques. On a longer time scale, the quality assessment is achieved by evaluating the 

biological efficacy.  

 

Figure 11: Pesticide transfer process  

Source: https://en.wikipedia.org/wiki/Pesticide_application 

Figure 11 describes the phenomenon occurring during and after a spray application. Apart 

from the deposition on targets, several types of pesticide losses can be identified like point 

source contamination (ex. during sprayer filling and cleaning) and diffuse sources related to 

the transfer of pesticide due to atmospheric conditions (ex. drift). As a result, Fig.11 explains 

why water is one the environmental compartment that might be the most impacted by 

pesticides.  

In general, spray applications are evaluated considering either deposition on targets or drift or 

soil deposition, etc. Another approach considers the global efficacy of the application in terms 

of mass balance. In this case, the sprayed volume fraction collected in different compartments 
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is taken into account (Fig 12). The intention is both to maximize the deposition on the targets 

and to minimize ground and aerial losses. 

 

Figure 12: Mass balance approach applied to banana crop spray application (Cotteux et 

al., 2013) 

Several indicators can then be calculated from the previous figure as illustrated by figure 13.   

 

Figure 13: Mass balance indicators during a spray application 
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During pesticide applications, there are more than 80% of the pesticide may be derive-away 

from the target site as spray drift (up to 15%), rebound (up to 30%), run-off (up to 20%) and 

other processes (up to 15%) including evaporation or photolysis which play an important 

factor with side effect on the human health and environmental contamination (Knowles, 2001; 

Pimentel and Burgess, 2012; Minov et al., 2015). 

The starting point of this mass balance corresponds to the emitted flux of plant protection 

products that is carried out by spray application equipment introduced in the next paragraph.   

1.2. Spray drift  

1.2.1. Definition and typology 

According to the Environmental Protection Agency (EPA) and the International Organization 

for Standardization (ISO), spray drift can be defined as the amount of spray liquid that is 

carried out of the sprayed (treated) area by the action of the air currents during the application 

process. Spray drift can consist of droplets, vapors or dry particles (Gil and Sinfort, 2005). It 

is expressed as a percentage of the application volume.  

Pesticide spray drift is an important issue and is considered of great concern in the European 

Union because of the environmental consequences of agricultural practices and the 

sustainable use of pesticides. In practice, some amount of the spray liquid may deposit on the 

ground nearby the sprayed field and may potentially harm sensitive crops, water courses, 

workers, residents (Miller et al. 1993; Butler Ellis & Bradley, 2002; Taylor et al, 2004; Miller 

et al., 2011).  

Several studies have shed light on spray drift phenomenon and the most influential factors 

affecting its magnitude (Nuyttens et al, 2007; Nuyttens et al, 2011; Douzals, 2012). The 

protection of surface water in Europe has led to the development of drift mitigation measures 

combining buffer zones and low drift nozzles. At the present time more than 100 nozzle 

references are registered as low drift in France.  

All agricultural chemicals can drift away from the target site when applied and the prevention 

from all types of drift (droplets, vapors, particles) is important regarding to the human health 

and environmental impacts. Pesticide spray drift can be evaluated according to two protocols: 

sedimentation (ground) drift and airborne (aerial) drift. Sedimentation drift is generally 

considered when the impact of a chemical on surface water or sensitive adjacent crop is 
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studied. Airborne drift is generally considered when the impact of a chemical on bees, 

residents, workers or bystanders is studied (cf Fig 11).  

1.2.1.1. Liquid or solid particle spray drift: 

 Particle spray drift is defined as the movement of solid particles from the intended treatment 

zone during spraying application into non target zone. Solid particles can correspond to 

particles generated by depression seeders with coated seeds or evaporated droplets from 

liquid sprays. Compared to liquid droplets generated by flat fan nozzles, the range of solid 

particle size can be much lower involving higher drift distances (Manzone et al., 2015). 

Larger (coarser) droplets may sediment at a short distance from the nozzle orifice and fall 

close to the point of release according to their energy. But smaller droplet sizes (finer droplets 

less than 100µm) remain in suspension in the air for a long time and may eventually be 

transported by air currents. Fig. 14 shows the effect of droplet size on the drift potential by 

affecting on the rate of fall (Ross and Lembi, 1985). 

. 

 

Figure 14: Sedimentation time in a still air as a function of droplet size  

Results as shown in Fig. 14 introduced the relationship between droplet size and the time of 

transport for different droplet size. Increasing the falling time corresponds to a greater drift 

potential.  
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1.2.1.2. Vapor drift: 

 Vapor drift is defined as the movement or transfer of pesticide spray vapors from the soil 

surface or plant into the atmosphere outside of the treatment zone during or soon thereafter 

the time of application as a form of gas. This type of drift is invisible and can have a 

considerable impact on residents, workers located close to the sprayed field.   

Vapor drift occurs when the finer pesticide molecules from the target surfaces or soil 

evaporated in the air during or after the application. Vapor form particles are moved more 

than 12 hours after the application especially when the air temperature is high and the relative 

humidity is low (Matthews, 2006).  

Vapor drift is mainly depending on the chemicals properties of spray liquid or formulation 

(i.e. esters content, vapor pressure values and chemical’s Henry’s law constant) and 

environmental conditions (high temperature and low relative humidity). Chemical molecules 

are then moving away as a gas rather than as liquid droplets.    

 

Figure 15: Vapor drift phenomena  

(www.personal.psu.edu/faculty/a/s/asm4/turfgrass/education/turgeon/modules/07_pestmanage
ment/pesticides/volatilization.html )   
Many modern formulations registered to use have a low vapor pressure (Miller, 2003) in order 

to mitigate of droplets evaporation to the atmosphere. (Korbara et al., 1999) developed the 

plastic film to prevent methyl bromide mission to the atmosphere by the action of air. The 

film is composed of gas-barrier layer, Tio2 photocatalytic layer and support layer. As a result 

methyl bromide was dramatically reduced with this film without the production of vapor drift. 

The equilibrium between the liquid and the gas forms may be highly different depending on 

the pesticide type.  
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For example the drift form of pendimethalin and trifluralin is generally gas as alachlor and 

metolachlor was in the particle form. Thiobencarb was indicated in both forms (gas and 

particle forms) (Yogo, 2009).    

1.2.2. Causes 

Several  factors have a great influence on pesticide spray drift (Alheidary et al., 2014) 

including i) physical factors (droplet size, droplet velocity, droplet evaporation, and properties 

of spray liquid) ii) technological factors (nozzle type, nozzle size, boom height and 

orientation, operating pressure, and forward speed); iii) meteorological factors (wind  

velocity, air stability, air ambient temperature, and relative humidity) and iv) other factors 

such as topography of the terrain, the crop vegetation stage, application equipment and 

methods, and decisions of the applicator. 

 

 Figure 16: factors associated spray drift 

(Inspired by http://www.omafra.gov.on.ca/french/index.html ) 
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Moreover, the results showed the importance of minimizing the boom height particularly 

when the nozzle produces fine or medium droplet sizes (Miller et al., 2011).  

Droplet size 

Several experimental studies are conducted from different authors in the field and in the wind 

tunnel concerned droplet sizes. The results showed droplet size is one of the major important 

characteristics that related to droplet velocity. Furthermore, both of droplet size and droplet 

velocity have affected on biological efficacy and environmental contamination as spray drift 

values (Matthews, 2000, Taylor et al., 2004, Alheidary et al., 2014). On the other hand, 

droplet size and droplet velocity are related to nozzle type and nozzle size. 

1.2.3. Methods for drift measurement 

Spray drift can be evaluated through field measurements or wind tunnel experiments by using 

different protocols (Fig. 17). 

 

Figure 17: Methods for measuring spray drift 
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1.2.3.1. Field test 

Spraying equipments are devoted to apply a certain amount of a pesticide on an intended 

target. However it appears that a volume fraction is deflected outside the target area to the 

ground, surface water, or other sensitive area as spray drift by the action of wind speed and 

spraying conditions.  

Field experimental is appropriate to obtain realistic estimates of spray drift values using 

sprayers under different working conditions. 

In most cases, spray drift measurements in the field are carried out according to ISO 22866: 

2005 (sprayed area and wind velocity criteria) in conjunction with ISO 22369-2 that defines 

the sampling distances (ex 5m, 10m, 20m, 30m, 50m, etc.) (Fig.18).  

 

Figure 18: Comparison of reference drift values (average values) for France (Liet and 

Polveche, 2009) and Germany (Rautmann et al., 2001). 

Due to wind speed and wind direction specifications, this method is applicable with difficulty 

because it is extremely time-consuming and costly (Carlsen et al, 2006; Rimmer et al., 2009).  

In addition, field measurement has a high dependence on meteorological conditions and 

repetitions are not really possible. In this case, results can only be interpreted in terms of 

statistics based on a relatively high number of repetitions (ex percentile).  
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Typically, sedimentation spray drift is a result of the droplets that move away and falling on 

the surface as air-borne droplets (Miller et al., 2011). The use of sampling to measure 

sedimentation spray drift is can be supported either vertically or horizontally position 

depending on the measuring type. Measuring sedimentation spray drift is always requiring a 

tracer for capturing sedimentation spray drift which fall on the sampling surface.  

Several methods are available for quantifying sedimentation spray drift including Petri dishes, 

chromatography paper, wire string nylon, etc that located on the surface depending on the 

planning of test (protocol). 

1.2.4. Spray drift sampling techniques for field tests 

Many spray drift sampling techniques have been used in different studies in both field and 

wind tunnel measurements (Salyani et al., 2006; Ferreira et al., 2010, Nuyttens et al., 2010, 

Donkersley and Nuyttens, 2011). There are two types existing of the collectors: passive and 

active collectors. Passive collectors which have used in various studies to determine the 

sedimentation and airborne spray drift using tracers. Passive sampling techniques are mostly 

used for spray drift measurements and are introduced in Table 2.  

The collected amount of spray is generally determined by dosing the quantity of tracer on 

collectors by using spectrometry (Tartrazine) or spectrofluorometry (Brillant Sulflo Flavine, 

Fluoresceine, Rhodamine). In the Table 2 showed several studies that concern environmental 

aspect have been carried out in the world to stimulate the quantity of drift using different 

techniques. These passive techniques can be completed with active sampling techniques such 

as low or high volume air samplers, rotary rod sampler (rotorod), etc. Each technique that 

showed in Table 2 has advantages and disadvantages dependent on different conditions to be 

more effective to measure drift value at the time of spraying as weather conditions at the time 

of application (temperature and relative humidity), forward speed, type of equipment, and the 

type of tracer. One of the most disadvantages for sampling spray drift techniques, it has a 

great variety into estimate of spray drift values between them when it is tested at the same 

operating conditions.  

At field conditions, there are various techniques have been developed to evaluate spray drift 

and coverage such as passive samplers (e.g. water sensitive paper) and active samplers (e.g. 

air samplers and rotorods). Several studies were conducted to compare the collecting 

efficiency of collectors while estimating the spray drift values.  
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Good relationship between airborne spray drift and the risk that required an understanding. 

From this fact, several studies were conducted to develop sampling airborne spray drift which 

consider difficult phenomena that related with micro metrological conditions (Fox et al., 

2004, Fritz and Hoffmann, 2008, Wolter et al., 2008, Arvidsson et al., 2011). So, airborne 

spray drift has a great importance since it can be carried over long distances from the target 

site by the action of the air. 

Measuring spray drift technique to evaluate airborne drift involve sampling of droplets less 

than 100µm together with dry particles of substances originating from volatilization of the 

pesticide carrier (normally water).  

Table 2: Comparison of spray drift sampling techniques  
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Cooper et al., 1996 X X

Bui et al., 1998 X X X

Miller & Butler Ellis, 2000 X X X

Briand et al., 2002a X X

Hoffmann et al., 2003 X X X X

Barber et al,  2004 X

Balsari et al., 2005 X

Fritz & Hoffmann, 2008 X X

Wolter et al., 2008 X X

Farooq et al., 2009 X X X X

Arvidsson et al., 2011 X X X X

Fritz et al., 2011 X X

Llorens et al., 2012 X X

Kasiotis et al., 2014 X X X

Zhao et al., 2014 X

Gregorio et al., 2014 X X X

Gil et al., 2014 X

Van de Zande et al., 2014 X X

Wenneker et al., 2014 X X

Reichard et al., 1992 X

Herbst and Ganzelmeier,2000 X

Taylor et al., 2004 X

Fritz et al., 2006 X X

Stainier et al., 2006 X X

Nuyttends et al, 2007 X

Dorr, 2009 X

Nuyttens et al, 2009 X

Miller et al., 2011 X

Douzals & Alheidary, 2014 X

Active samplers

References

Passive samplers
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In conclusion, all samplers above are depending on the air velocity at the time of measuring in 

collection the quantity of spray airborne that found in atmosphere space. Normally, each type 

of collector has an advantages and disadvantages. The main advantages of using these 

collectors to sample airborne spray drift that link to the high collection efficiencies with small 

particles sizes. Conversely, the disadvantages are related to high power requirements and the 

complexity of constructor (Miller, 2003) 

Conclusion on collector efficacy  

Airborne drift can be evaluated both in the field and in wind tunnel by using static and/or 

dynamic samplers. Comparatively, the results showed significant differences between both 

types of collectors depending on several factors such as sampler place, sampler height, etc. In 

high wind velocity situations, static collectors showed a better efficiency compared to 

dynamic samplers.  

When used, pipe cleaners appeared as suitable samplers for measuring airborne spray drift. 

Sedimentation drift is usually evaluated by using Petri dishes, filter papers or WSP.  

Drift measurement techniques are used to assess spray equipments but also to classify their 

drift reducing efficacy. When considering a reference sprayer or a reference spray application 

technique or a nozzle, it is possible to classify the drift reducing technologies compared to this 

reference as suggested by ISO 22369-1.  

1.2.4.1. Simplified methods in a wind tunnel 

Wind tunnel experiments were used by researchers to evaluate pesticide spray drift in 

controlled conditions (Miller et al., 1993; Butler Ellis and Bradley, 2002; Taylor, 2002; Miller 

et al., 2011; Nuyttens et al., 2007; Nuyttens et al., 2009; Douzals, 2012; Douzals and 

AlHeidary, 2014). The advantage of using a the wind tunnel is an efficient way for supporting 

and complementing the data derived and can be a valuable alternative to field experiments by 

controlling wind speed and direction, air temperature, relative humidity, air stability, and 

turbulence that occur at the time of measuring (Nuyttens et al., 2011).  

Spray drift in the wind tunnel experimental is often evaluated by using different methods 

sometimes with polythene lines, filter paper, water sensitive paper, Petri dishes, etc 

(ISO 22856). As the drift from one nozzle is generally measured on short sprays, wind tunnel 

experiments lead to the definition of a so-called potential drift compared to drift values 

collected form field measurements with a complete sprayer.  
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Spray drift potential can be evaluated considering either a vertical sampling framework as 

DIX in Germany (Herbst and Ganzelmeier, 2000) or a horizontal sampling framework as in 

the LERAP scheme (Gilbert, 2000). In both cases the minimum collection distance is 2m 

from the nozzle outlet and wind velocity is 2 m s-1. Globally, wind tunnels are used for 

measuring the potential spray drift of nozzles in the following European countries: Belgium, 

Germany, UK and France. 

Therefore, several studies carried out on potential spray drift measurements showed a certain 

level of variability in the results depending on type of protocol applied and the operating 

conditions (Walklate et al., 2000; Nuyttens et al., 2007; Douzals and Alheidary, 2014). 

Generally, measuring sedimentation spray drift in the wind tunnel is dependent on various 

factors as nozzle type, operating pressure, boom height and their orientation, and wind 

velocity.  

To evaluate the quantities of spray drift that could not reach to their target (particle or vapour 

drift), several testing protocols carried out in the world using a wind tunnel experimental in 

order to estimate potential spray drift at different distance from the nozzle (Table 3) . 

Table 3: Method applied for measuring spray drift in the wind tunnel 
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Several protocols have been developed in the European Union to evaluate spray drift potential 

and drift mitigation performance of nozzles used on field crop sprayers.  

1.2.4.2. DIX protocol (Drift Index scheme- Germany) 

The DIX scheme (Herbst and Ganzelmeier, 2000) that developed in Germany in order to 

define the risk associated to spray drift potential. DIX scheme is based on the airborne drift 

profile measured in the Julius Kühn-Institut JKI wind tunnel. To evaluate spray drift in a wind 

tunnel by using the DIX protocol, a vertical array of horizontal polythene wires of 1.98 mm 

diameter is placed across the wind direction. The polythene lines are placed every 0.1 m from 

0.1m to 1 m in order to quantify the total volume that may be lost downwind (Fig. 19). The 

tested nozzle is placed at a distance of 2m from the sampling zone upwind. All measurements 

are conducted at wind speed of 2 ms-1. The 

DIX value of a nozzle corresponds to the 

quantity of airborne volume flux (V) 

multiplied by the weighted value of the 

drift vertical profile (h), (Herbst and 

Ganzelmeier 2000) Fig. 19 normalized by 

the reference values of weighted height hst 

and volume Vst from the reference nozzle 

as given by Eq. 2.  

 

Figure 19: Germany’s DIX scheme for measuring spray drift potential  

 

Drift reducing classes of 50%, 75% and 90% are directly calculated from the DIX values for 

different injection pressures.  

1.2.4.3. LERAP protocol (Local Environmental Risk Assessment for 

Pesticides in UK) 

LERAP scheme stands for “Local Environmental Risk Assessment for Pesticides” (LERAP, 

2001, Gilbert, 2000) and was introduced in the UK in 1999. LERAP scheme also implies 

buffer zones of 5m from the water edge, non-intended crops or other sensitive area.  
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Compared to the DIX methodology, LERAP scheme takes into account the droplets that fall 

onto the horizontal surfaces outside the treated zone and focuses on sedimentation drift 

profiles (Fig. 20).  

The results of LERAP system to express on low drift with three star rating showed a level of 

sedimentation drift ratio in the wind tunnel (Fig. 20) that less than 25% of the reference 

system at a defined range of operating conditions such as (operating  pressure, forward speed, 

boom  height). 

LERAP classification scheme uses a star rating to define the level of drift reduction of a given 

technology compared to a reference system. The using of rating level is to evaluate the size of 

spray buffer mitigation which can be used with a spray technology. Compared to the ISO 

classification scheme that includes 6 classes (A to F), LERAP scheme includes only 3 levels 

(* to ***) as shown in the Table 4, (Hoffmann et al., 2010) 

Table 4: Classification of drift reduction for LERAP and ISO 22369-1 depending on 

reduction of the candidate system compared to reference system  

  

 

 

Figure 20: LERAP scheme-ISR wind tunnel (Walklate et al., 2000).   

Drift reduction, % (1) 25≤50 50≤75 75≤90 90≤95 95≤99 ≥99

LERAP drift classification * ** *** *** *** ***

ISO drift classification F E D C B A

(1) Drift reduction is the percentage of drift reduction achieved by a technology as comared to a standard reference

Spray nozzle

0.6 m

Air velocity

2ms-1

2m

Drift collector

0.1m
2m1m

7m
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1.2.4.4. IDEFICS model  

IDEFICS drift model (IMAG program for Drift Evaluation for Field sprayers by Computer 

Simulation) is a one of the different computer models that used to quantify the extent of spray 

drift which affects the surface of water. In reality all these models are depending on the 

weather conditions (usually expressed in the wind velocity), properties of spraying equipment 

including (droplet size spectrum, and droplet velocity), and the geometry of the agricultural 

field. Generally the contamination of surface water and ditches surrounding crop fields has 

shed light in the Netherlands. Because the measurement of spray drift in the field is very 

difficult, a prediction of spray deposition onto the water surface was developed by using a 

computer model (IDEFICS: Holterman et al., 1997). Basically, IDEFICS model mixes 2D/3D 

random-walk model to describe the trajectories of a large number of individual droplets that 

are produced from a single nozzle (Fig. 21).  

 

 

Figure 21: Typical field lay-out for the simulation model (Holterman et al., 1998) 

 

IDEFICS drift model was calibrated by considering a single nozzle in a cross wind and 

extended to different nozzle types, liquid pressure, boom height, and forward speed. Weather 

conditions were measured at the experimental site and integrated into the model.  

This system considers data from a reference nozzle that are issued from both laboratory 

(droplet size) and spray drift measured at field level. Reference data allow the set of drift 

reducing classes of 50%, 75%, 90% and 95%. 

With this model, the droplet size spectrum and droplet velocity were measured using Phase 

Doppler Anemometry (PDA).  



Chapter1………………………………………………...…………………General introduction                                

41 
 

The results of this model and field experiments revealed all boom height, wind velocity and 

nozzle types are considered the most important parameters that affecting spray drift. 

1.2.4.5. Wind tunnel Gembloux 

Measuring spray drift protocol in Belgium was conducted by using wind tunnel experimental 

located at Gembloux Agricultural University. In this case the position of the spray 

corresponds to a lateral drift measurement. The internal working section of the wind tunnel is 

2 x 2 x 6 m width, height, and length respectively. During the application, the nozzle is moved 

horizontally and perpendicularly to the wind direction by using a computer controlled with a 

servo-motor at forward velocity of 2 ms-1. The spray drift deposition is collected on the glass 

fibre collectors of 25mm x 25mm using a type of the tracer. Measuring spray deposit on the 

collectors carried out at each 1m from 2m to 6m downwind from nozzle with five sampling 

positions (Stainier et al., 2006) (Fig. 21) 

 

Figure 18: Belgian protocol 

The integer of the spray drift curve was used to calculate of the spray drift with this protocol 
(Stainier et al., 2006) using the (Eq. 4) 

                              (3) 

Where Dp is the spray drift percentage; dim is the spray drift sediment on the collector at 

position i m (ml m-2); v is the nozzle forward velocity (m s-1); D is the distance between two 

collectors (m); and q is the nozzle flowrate (ml s-1) 
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1.2.4.6. French scheme for assessing drift reducing nozzles  

French scheme for assessing the drift reduction capacity of nozzles were set up in 2007 after a 

series of field tests comparing a reference spray situation (FF 02 2.5 bar and 70 cm height) 

with several drift reducing nozzles (pre orifice and air induction) on the same 24 m boom 

sprayer. Forward speed was 8 km/h and average lateral wind speed was 12 km/h.   

Drift reducing rates between nozzles tested with field tests were used to set IRSTEA wind 

tunnel parameters with an appropriate wind speed of 7.5 m/s.   

As it will be explained further on in this document (cf. chapter 3), IRSTEA wind tunnel is 

equipped with a distribution test bench allowing spray deposition measurements staring 1m 

before the boom up to 8m after the boom. Frontal and lateral positions of the boom are tested 

and the drift ratio obtained at 5m downwind is considered to calculate the final drift reduction 

between the candidate and the reference nozzle.  

1.3. Context and objectives 

1.3.1. General problem statement 

At the present time, the direct comparison between field and wind tunnel measurements is not 

really possible. Indeed, wind tunnel protocols (ISO 22856) generally consider only one nozzle 

placed frontally, one (low) wind speed and short sprays of about 5s. The sensitivity of those 

parameters to wind speed, boom height was not really demonstrated  

Conversely, long duration exposure protocol in a wind tunnel, i.e. by using a distribution test 

bench, might avoid the problem of the saturation of collectors according to nozzle flowrate 

and might mitigate the effect of turbulences while smoothing drift deposition data.  

Finally, as field tests are generally based on the evaluation of off target ground deposition as 

wind tunnel protocols are rather oriented to the evaluation of airborne drift. Ideally this study 

aims at combining the evaluation of sedimentation drift and airborne drift through the 

remaining volume fraction still in the air (DR calculation) at a certain distance. 

1.3.2.  Objectives of this study  

Wind tunnels offer the possibility to measure spray drift with reproducible and reliable results 

compared to field tests. Assuming that existing spray drift models are generally not based on 

wind tunnel measurements, is it possible to identify spray drift descriptors from drift curves in 

order to develop a specific and simplified drift model?
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Chapter 2: Literature Review 

The current chapter is a literature review that focused on the most important factors that affect 

on spray drift potential.  This chapter is based on the paper N°1 entitled “Influence of spray 

characteristics on spray drift potential of field crop sprayers: a literature review”. This chapter 

discusses the influence of spray characteristics on spray drift potential that represented all the 

physical factors affecting spray drift in the wind tunnel measurements. 

Abstract 

Spray drift is a practical consequence of agricultural spraying operations. Because of the 

agronomical and environmental impacts of this phenomenon, drift has been widely studied 

and extensive information is available. Here we present a literature review on the 

relationships between global physical descriptors of agricultural sprays, air conditions and 

resulting drift, generally studied in wind tunnels. Basic physical factors are droplet size, 

droplet velocity, and the physicochemical characteristics of the sprayed product. When 

possible, data available in the literature are collated to draw trends. Contradictory information 

sometimes appears especially regarding droplet velocity and drift control. The main physical 

factors consist generally of medians such as Volume Median Diameter (VMD or Dv0.5) that 

do not always represent the heterogeneity of a spray and especially the spatial distribution of 

particle size and velocity. Technological parameters such as nozzle height, spray angle, travel 

speed are then related to initial physical factors and their contribution to drift-ability of sprays. 
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Conclusions and perspectives 

Spray drift is an involuntary consequence of spray applications. By using wind tunnels, 

several factors affect spray drift intensity. In this literature review, the influence of some 

physical factors such as droplet size, droplet velocity and physicochemical properties of spray 

liquid are discussed.  Droplet size is one of the most important factors that have been widely 

studied conversely to droplet velocity.  In this study, these two factors were merged in the 

expression of the droplet kinetic energy that involves both droplet size and its velocity and 

show a high correlation with spray drift. Physico-chemical properties of the spray mix may 

affect spray drift through the evolution of the surface tension and the viscosity of the spray 

liquid. However all the physical factors highlighted in this literature review provide only 

partial information on the characterization of macroscopic descriptors of spray drift such as 

the sedimentation rate at a certain distance and its susceptibility to the wind speed and the 

boom height. Many studies in wind tunnels are based on short sprays collected on nylon 

strings of 2 mm diameter. This study will take the occasion to test a long duration exposure 

protocol based on the use of a distribution test bench inside a wind tunnel. 



Chapter 3……………………………………………...………………Materials and Methods                                

56 
 

Chapter 3: Materials and Methods 

1. Introduction 

 

This chapter describes the methodology that was carried out in order to measure the 

sedimentation spray drift from various nozzles and conditions in an IRSTEA Montpellier 

wind tunnel.  The sedimentation spray drift was measured by using a horizontal distribution 

test bench. Compared to other studies conducted in other wind tunnels, the experiments 

developed in this study are specific in terms of measurement method itself and the analysis of 

the results.  

The measurement of the sedimentation spray volume in the wind tunnel is achieved through a 

distribution test bench of 9m long including the direct spray and the drift area. Considering 

the volumetric measurement of the spray deposition at distance up to 9m, the experiments are 

based on a long duration exposure principle. The analytical process is based on the collection 

recovery of the sprayed volume at different distances.  

2. Description of IRSTEA Montpellier wind tunnel  

 

 All experimental measurements in this study were carried out in IRSTEA-Montpellier wind 

tunnel from October 2013 until January 2015. As shown in Fig. 22 the circular wind tunnel 

has an internal working section of 3m x 2m x 9m height, width, and length respectively.  
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Figure 19: IRSTEA-Montpellier wind tunnel 

2.1. Air control 

Air generators are located on the upper floor of the wind tunnel with 6 fans hydraulically 

driven as well as the air conditioning by using a refrigeration unit and thermal resistances. 

The wind speed is controlled and can be adjusted from 0 to 12 m s-1 with a precision of ± 0.2 

m.s-1. The homogeneity of the wind velocity was checked across the working section (Fig. 23) 

with a sampling grid of 0.25 x 0.2m (Cemagref internal report 2006) i.e. 99 sampling points 

on a 2m x 3m cross section for wind velocities 1, 3 and 6ms-1.  

The temperature was maintained at 20 °C and relative humidity up to 90 %. The temperature 

and relative humidity were measured using VAISALA, HMT337 (Fig.24B). The wind speed 

is controlled with an anemometer located at the boom height (Fig.24C). 
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Figure 20: 2D Wind profiles in IRSTEA wind tunnel for expected wind speeds of 1, 3 

and 6 m s-1. 

 

2.2. Pressure liquid control 

 

The water injected to the boom is controlled in terms of flowrate by using an electromagnetic 

flowmeter (4000 pulses/L) (SIKA, N° VMZ081, Germany) with a precision ± 0.1 l min-1. The 

operating pressure is controlled during the measurements by using a pressure gauge Keller 

(Type, PR-33/80794-30, Germany) with a precision ± 0.1 bar) (Fig.24A).  
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Figure 21: Main measuring devices found in the wind tunnel 

(A) Magnetic Inductive flow sensor SIKA Type VMZ081. (B) Temperature and relative 

humidity sensors (C) VAISALA, HMT337Ultrasonic sensor with RS-232.  

3. Boom setup 

 

Wind tunnel is supplied with a short boom of 4 nozzles, with 50cm nozzle spacing, placed in 

the central axis of the wind tunnel. The position of the boom towards the wind direction is 

adjustable from a frontal position (perpendicular to the wind direction) to a lateral position 

(parallel to the wind direction). Any intermediate angle between frontal and lateral position 

can be set (Fig. 25) for example to 15°, 30°, 45°, 60°, and 75° depending on the objective of 

each test with an accuracy ±1°. 

A

C
B
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Figure 22: Different boom positions in the wind tunnel (A): Frontal position; (B): 

Lateral position; (C): Boom with an angle of 45° 

 

In addition, the boom height can be set from 0.1 to 1.2m. Boom height was adjusted for the 

measurements at 40, 60, and 80cm with an accuracy ±2cm.   

4. Distribution test bench 

IRSTEA-Montpellier wind tunnel has a horizontal patternator which consists of 180 grooves 

of 0.05m width (Fig. 26). The total length of the distribution test bench is 9 m.  

The grooves are rinsed with water before measurements in order to allow an immediate flow 

of sediments. 

A

CB
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Figure 23: Collecting plan with grooves 

A mobile device including 60 tubes (Fig. 27) is connected to the grooves in order to collect 

the deposition volume. A portion of 3m length (60 grooves) in the wind tunnel is then 

measured at the same time with increments of 1m.  7 positions are necessary to cover the total 

distance of 9m.  

 

Figure 24: A mobile device wind tunnel 

Each measuring tube is placed on a weight cell (Fig. 28) 

 

 

 

Distribution test bench 9m

0.05m

0.1m

3m3m
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Figure 25: Weight cells 

The maximum tube capacity is 500ml but can be adjusted as necessary through the setting of 

the filling rate. A typical filling rate of 80% is used to stop the measurement in the direct 

spray area where flowrate is high. In the drift area up to 9m, measurements are stopped on the 

basis of a maximum acquisition time (ex. 1500s). The duration of a complete measurement is 

about 2 to 3 hours depending on the number of nozzles, the nozzle size and the injection 

pressure.  

5. Nozzle characteristics 

 

Three nozzle types were tested according to Table 5. These nozzle types are considered as 

common in agriculture applications with boom sprayers. The flat fan nozzle corresponds to 

the reference drift situation 50% drift reduction). The air injection monojet represents a 66% 

drift reduction and the air injection twin jet did not achieve the 66% drift reduction. All 

nozzles were 110° that is recommended by the manufacturer with 50cm nozzle spacing and 

50cm boom height. The nozzle size of 02 means 0.2 US gallons per min at a pressure of 43.5 

PSI (ISO 10625). The conversion to usual units gives 0.8 l min-1 at 3 bar.  

All these nozzles at the same size and angles and tested at the same operating pressure of 

2.5bar that corresponds to an application rate of 110 l ha-1 at 8 km h-1.  

 

Xplexing

An. Dig. Conv

60 weight cells

60 signal conditioners

Wheatstone bridges
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Table 5: Albuz nozzles characteristics 

nozzle Nozzle type 
Nozzle 
angle/size 

VMD 
µm 

Nozzle 
flowrate 
Lmin-1 

Operating 
pressure 
(bar) 

AXI Flat Fan 110/02 164.9 0.73 2.5 
CVI Flat Fan-air induction 110/02 434.6 0.73 2.5 

CVITwin Flat Fan- air induction twin jet 110/02 380.0 0.73 2.5 
Note : VMD was measured with a Malvern Spraytec  

6. Sedimentation flowrate measurements 

During spray drift measurements in the wind tunnel, the sedimentation drift is collected in the 

grooves and connected to the filling tubes. At the end of the measurement, a data file is 

obtained indicating the groove position, the local collected volume, the working pressure and 

the duration of the measurement. Depending on the sampling strategy, the same groove can be 

measured by up to 3 different tubes. A cross table is drawn considering the average 

sedimentation volume in each groove. First, all data are converted to relative flowrate 

considering the emission flowrate by the entire boom.   

Second, the relative flowrate data for each distance are cumulated according to the distance. 

Finally, the opposite of the accumulated value, called drift ratio (DR) is calculated along the 

sedimentation distance as presented in the equation 4 (Douzals and Alheidary, 2014). 

                                     (4) 

Where Dri is the spray drift ratio % at a position i, qi is the relative flowrate (total collected  

flowrate normalized by the injected flowrate) at the position i in %. 

7. Droplet size measurements 

Droplet size spectra were characterized by the volume median diameter (VMD or Dv0.5) by 

using a Malvern Spraytec 2680 (Spraytec instrument Ltd., Spring Lane South, Malvern. 

Worcestershire.UK). Static measurements were conduced to determined the droplet size given 

in Table 6. Dynamic measurements were also achieved in the wind tunnel considering 

different measuring distances from the nozzle depending on the wind velocity.   
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Figure 26: Set-up of the Malvern Spraytec in the wind tunnel (A) Testing Malvern (B) 

Measuring droplet size in frontal position (C) Measuring droplet size in lateral position 

 

Spraytec device is fitted with 750 mm lens corresponding to a range of droplet size from 1 to 

2500 µm. The acquisition frequency is 1 Hz including a time of 100 ms for exposure. 30 

photoreceptors intercept the diffracted light produced by a laser beam (632.8 nm). Results are 

expressed considering 60 droplet size classes distributed on a log scale. A number of at least 

20 measurements were averaged to calculate the droplet size distribution data.  

 

The nozzle sprays vertically downwards and is positioned approximately at 50cm from the 

laser beam. The distance between the emission and reception lenses was 100cm and the actual 

measuring the distance through the spray was 75cm due to use of polythene tubes to prevent 

the deposition of droplets on both emitter and receiver optics.  

As the droplet diameter is known to be variable across the spray. 30 cm underneath the orifice 

of nozzle, perpendicular to the main nozzle axis for the elliptical spray of nozzle tested. The 

measurements of spray droplet size distributions are analyzed in order to calculate the volume 

median diameter (VMD), DV0.1, and Dv0.9 (Table 6).  

A

CB
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Table 6: Summary of some technical definitions used for describing droplet size 

 µm or micrometer = 1/1000mm or 10-6m 

 ** dimensionless 

Droplet size measurements were repeated at least three times on a separate occasion to check 

for consistency and are presented in the final results of the paper part 3 as means.  

8. Modalities setup 

99 different modalities were tested in IRSTEA-Montpellier wind tunnel as introduced in 

Table7. Different combinations of parameters were selected corresponding to series identified 

as A, B and C for frontal, lateral and angular measurements respectively. Each series 

comprises sub modalities for each nozzle type (ex A1: FF nozzle, A2, AI nozzle, etc.). Each 

sub series corresponds to 3 wind speeds and 3 boom heights. Finally the C series were 

operated at 60cm only but with different angular positions of the boom as 15°, 30°, 45°, 60°, 

75° for the 3 different nozzles.  

 

 

Parameters Definition Units Comments 

VMD or Dv0.5 

50% of the total volume of the 
liquid sprayed is made up of 
droplets with diameters larger than 
the stated value and 50% is made up 
of droplets with diameters smaller 
than the stated value. 

µm 
Most commonly used value for 
describing droplet size 
distribution 

Dv0.1 
10% of the total volume is 
contained in droplets of a smaller 
diameter 

µm 
Useful indication for fine 
droplets which are more prone 
to drift. 

Dv0.9 
10% of the total volume is 
contained in droplets of a greater 
diameter 

µm 
Useful indication for coarse 
droplets to avoid the waste of 
chemical. 

Relative span factor 
Relative distribution span 

 
** 

The lower the span, the more 
uniform the droplet spectrum 
is. For monosize droplets, 
span=0 

%V<100 µm 
Volume fraction of droplets below 
100 µm 

% 
Useful indication for small 
droplets which are more prone 
to drift. 
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Table 7: Modalities settings 

Modalities Nozzle type 
Boom height 
(cm) 

Boom angle  
(°) 

Operating 
pressure 
(bar) 

Wind 
velocity 
(ms-1) 

A1 series FF 40/60/80 0 (Frontal) 2.5 2/4/7.5 

A2 series AI 40/60/80 0 (Frontal) 2.5 2/4/7.5 

A3 series AI Tw 40/60/80 0 (Frontal) 2.5 2/4/7.5 

B1 series FF 40/60/80 90 (Lateral) 2.5 2/4/7.5 

B2 series AI 40/60/80 90 (Lateral) 2.5 2/4/7.5 

B3 series AI Tw 40/60/80 90 (Lateral) 2.5 2/4/7.5 

C1 series FF 60 15/30/45/60/75° 2.5 2/4/7.5 

C2 series AI 60 15/30/45/60/75° 2.5 2/4/7.5 

C3 series AI Tw 60 15/30/45/60/75° 2.5 2/4/7.5 

 

Some parameters were not considered in this study as the effect of: i) the operating pressure, 

ii) the nozzle size or iii) other types of nozzles (ex. deflector, pre-orifice or rotary nozzles) 

mainly because of a lack of time.  
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Chapter 4: Results 

 

The main objective of this chapter was to present the results that were obtained from wind 

tunnel experimental in accordance with different parameters as nozzles type, boom heights, 

boom positions, and wind velocities that would define key- elements for spray drift modeling. 

In this chapter, all these results are introduced in four articles. The paper N°2 is entitled “How 

spray characteristics and orientation may influence spray drift in a wind tunnel” 

Abstract 

Different experimental setups are conducted in IRSTEA-Montpellier wind tunnel to study the 

effect of wind velocity from 2 to 7.5ms-1, the number of nozzles from 1 to 4 nozzles mounted 

on the boom, and the position of spray nozzles towards the wind direction (frontally and 

laterally position) that related to boom position. One boom height of 60cm is tested in this 

study. All these experimental carried out at operating pressure of 2.5bar. The results showed 

that in frontal position, all spray nozzles at the same position thereby gave the equally of 

sedimentation flowrate. On the same position, no significant effect on spray drift ratio was 

observed when using 1, 2, or 4 nozzles were mounted on the boom. Conversely, in the lateral 

position the effect of the number of nozzles on spray drift was demonstrated especially with 

the first or second spray close to wind source with a higher protective impact compared to the 

other sprays behind. Also, the results showed increasing the number of nozzles led to decrease 

in spray drift ratio at the reference point. As well as, the effect of wind velocity was visible 

for both frontal and lateral positions.   
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Chapter 5: General conclusions and perspectives 

 

This chapter reports the main conclusions of this thesis and proposes future work related to 

the modeling of spray drift in a wind tunnel. The initial objective of this work was to define 

macroscopic spray drift descriptors from drift curves obtained in IRSTEA wind tunnel. The 

study of such descriptors gave the opportunity to evaluate drift behavior in a tunnel with a 

large set of variables and to find innovative ways enabling to decrease the number of 

necessary experiments to evaluate nozzle drift behavior. 

 

Main results 

 

The first novelty of this work lies on the use of a long duration exposure protocol using a 

distribution test bench compared to traditional wind tunnels methods, based on short sprays. 

Such protocol enables to increase significantly test repeatability and to define macroscopic 

drift indicators with a good reliability. 

 

Five macroscopic indicators were identified: drift ratio at 5m, weighted distance method, 

recovery rate, deposition peak value and deposition peak position. They were tested on 99 

combinations of type and number of nozzles, boom height, boom position and wind velocity. 

Drift ratio and recovery rate were shown to be the most interesting values because they are 

usable for any orientation of the boom (frontal or lateral) and they take into account both 

quantitative (deposition value) and qualitative information (spatial distribution). Finally drift 

ratio at 5m (DR5) was selected as the macroscopic indicator for drift behavior in the tunnel. 

The robustness of this indicator was used to analyze spray drift in the wind tunnel, for each 

nozzle type, varying wind speed, boom position toward the wind direction and the number of 

nozzles mounted on the boom. One of the main results of this work was that the position of 

the boom relatively to the air flow has a great influence on spray drift ratio. The wind speed 

has a visible effect on spray drift for both frontal and lateral position especially in the peak 

amplitude and the shift in the peak position. But statistically, in the frontal position no 

significant difference was observed on the spray drift ratio measured with 1, 2 and 4 nozzles 
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mounted on the boom. On the other hand, in the lateral boom position the results showed that 

the patterns of the first or the second nozzle mounted on the boom near to the wind are highly 

modified by the wind comparing to other sprays behind that are more protected. Then, in the 

lateral position increasing the number of nozzles lead to reduce the spray drift ratio. It 

appeared that the frontal position generally gave the highest drift values and the lateral 

position the lowest drift values. Application of this is that forward speed has more importance 

on drift than lateral wind during spraying. Both drift tests and regulations should take this 

point into account. 

 

Results observed in the wind tunnel showed that it was possible to predict wind velocity 

effect through the concept of Time of Flight (ToF). ToF was obtained by dividing the distance 

(in wind direction) by wind velocity. When expressing drift ratio curves with this variable 

(instead of the distance), the curves corresponding to varying wind velocities (all other 

variable remaining the same) have a good superposition. In a same way it was possible to 

describe the effect of boom height with a simple homothetic transformation of the curves. 

These results showed that droplets behave as if they were alone in a constant velocity field 

and that no other factor than wind velocity modify their trajectory. Few comparisons with a 

spray drift model based on trajectory computation (Driftsim) demonstrated the relevance of 

such result. This concept was never used until now for experimental purposes: the expression 

of the drift curves according to the ToF allows the comparison of experimental conditions that 

were not comparable before. It makes possible to simulate several settings from only one 

initial condition with an acceptable accuracy. 

 

Finally the relationship between the time of flight and the median volumetric droplet size 

(DV50) for a given nozzle type was investigated. For this the DV50 was measured in situ at 

several distances and with several wind velocities. As a result, a good correspondence was 

found between the DV50 and the ToF in frontal and lateral position of the boom: the DV50 of 

a droplet population acts more or less as a single droplet of equivalent diameter. However, 

significant differences appeared between flat fan nozzles and air induction nozzles in the ToF 

representation: the method is not applicable for air injection nozzles for the moment 

 

Globally, the method used in this study induced a new approach for assessing spray drift in 

measurements carried out in a wind tunnel through repeatable measurements based on a long 

duration exposure protocol. One of the most important interest of this method is its great 
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potential for the evaluation of spray drift at different setting conditions as nozzle type, wind 

speed, boom position, boom angle or boom height, from a reduce number of tests. Coupling 

this method with the Time-of-Flight concept provides a good way to evaluate the drift 

potential of a nozzle – or a series of nozzles – in a large set of conditions with an optimal 

number of tests. 

 

 

Perspectives 

 

This preliminary work would lead to several follow-ups in terms of experimental research, 

modeling and practical applications. Perspectives can be drawn to i) better understand drift 

behavior in the wind tunnel, ii) apply the method for field measurements and iii) coupling 

with modelling approaches. 

 

The behaviour in the wind tunnel relies first on the air velocity field in the tunnel. Some air 

velocity measurements were made upon transversal sections, showing that the measurement 

area could be considered as homogeneous, but this work has to be done for all the velocities 

used during measurements. In the transversal sections, homogeneity of the wind speed profile 

in wind tunnel should be checked at different wind speed from 0 m s-1 to 12 m s -1 at different 

distances from the boom position. The homogeneity of the longitudinal air  profile has also to 

be check as sedimentation flowrate figures observed with laser facilities could be due to 

artificial turbulent frequencies. The influence of the patternator, at the bottom of the tunnel, 

should be also checked by comparing the longitudinal wind profile with a smooth bottom 

surface.  

 

The relation of DV50 with ToF for air injection nozzles is based on fewer points and have 

significantly different slopes than for flat fan nozzles. Some hypotheses were formulated: 

worse droplet sampling due to fewer droplets, measurement difficulties, significant difference 

in droplet liquid density, difference in droplet ejection velocities. These hypotheses must be 

deeply investigated to conclude and validate the relation for such nozzles. 

 

The atomization process, converting any liquid into spray droplets, is dependent on several 

factors such as working pressure. Several studies investigated the effects of liquid spray 

pressure on droplets. These studies showed that the range of droplet sizes tended to narrow 
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and that relatively smaller droplets were formed with higher operating pressure thereby 

increasing the amount of spray prone to drift especially with undesirable weather conditions 

at the time of applications. In the present study, operating pressure was not considered as a 

priority, considering the already large number of variables. To be exhaustive, this variable 

should be investigated too so as to find a way to get a superposition of curves: it is expected 

than homothetic transformations with the square root of pressure ratio would ensure this 

result. 

 

The potential extension of the experimental domain to larger boom heights-wind velocities– 

operating pressures is to be validated. For example, the simulation of boom heights of 0.30m 

or 1.2m shall be verified in link with wind field velocity homogeneity controls in the tunnel. 

From a global perspective these results provide stand points on the harmonization of potential 

spray drift in the wind tunnel (revision of the ISO22856), in particular for comparison with 

long and short exposure protocols. 

 

Additional factors affecting spray drift are the physic-chemical properties of spray liquid 

(surface tension, viscosity, evaporation rate and density): controlling their effect is an 

excellent way to minimize spray drift and spray additives are commercially available to 

increase spray droplet size. Both tunnel and field experiments report that drift control 

additives can reduce downwind drift deposits. Nevertheless, many of these products are very 

rate sensitive. Increased rates may further reduce spray drift, but can also cause nozzle 

distribution patterns to become non-uniform. The relationship between physicochemical 

properties of liquid and the atomization characteristics of liquids are far from simple and 

could not be predicted from simple measurements of surface tension or viscosity. Few studies 

have been done on the influence of physicochemical parameters on spray drift. Most 

researchers who have examined the drift-reducing effects of adjuvants have used solutions of 

adjuvant in water, even though it is accepted that not the physico-chemical properties of the 

adjuvant itself but the physico-chemical characteristics of the complete spray mixture 

(pesticide formulation and adjuvant) are drift determining. A large field of studies must be 

investigated to understand the effects of the physico-chemical properties of pesticide 

complexes but the use of pesticides in wind tunnels involve safety precautions that are not 

easy to ensure and in most cases, are not feasible.  
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Another perspective of this work is to take advantage of the opportunity suggested by the use 

of Time-of-Flight (ToF) representation, to decrease the number of necessary tests in field 

conditions. The difficulty arises from the variability of atmospheric stability, wind velocity 

and wind direction in natural conditions. The first step could be to check the superposition of 

drift ratio curves (expressed relatively to ToF) with uniform wind and atmospheric stable 

conditions, e.g. at the night and in the predawn hours. Then, it could be interesting to compare 

the results with more variable conditions and evaluate at which point this variability is 

allowable to predict drift potential. Influence of soil cover must be investigated also. 

 

Finally, modelling spray drift is an important issue because models are used to analyse the 

abilities of some practices or techniques to decrease spray exposure of water courses, 

bystanders, or sensible crops. A large number of models have been developed in order to 

predict downwind spray movement from droplet size as potential spray drift. Nevertheless 

most of them are not validated in field conditions or only for very specific conditions. 

Relationships shown in this work could be investigated in a modelling perspective. This 

approach might be particularly appropriate once relationships will be adapted to field.  
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Abstract  

Spray drift might be measured either infield or in a wind tunnel through specific sampling 
strategies. Paradoxically field tests are subjected to a high variability due to the atmospheric 
conditions but can be more easily conducted in the absence of a wind tunnel. The result is that 
most of spray drift models are based on infield measurements. Conversely very few models 
were developed on the basis of wind tunnel measurements. The objective of this work was to 
define spray drift descriptors from the analysis of drift curves in IRSTEA wind tunnel. 
Compared to the majority of existing wind tunnels, a long duration exposure protocol was 
applied with a high sampling density. A large experimental plan of 99 modalities were 
conducted including nozzle types (FF, AI, AI Twin jet), boom heights from 40 to 80cm, boom 
positions (frontal, lateral, and intermediate angles) and wind velocities from 2 to 7.5ms-1. 
Results showed that the drift ratio at 5m (DR5) was the most robust drift indicator considering 
the wide range of parameters and operations conditions (wind velocity, boom height). First 
order models were drawn for the expression of the effect of the wind velocity and the boom 
height according to the droplet time of flight (ToF). As a result it was possible to compare 
data from different experimental conditions and to simulate the effect of the wind velocity and 
the boom height for a given type of nozzle. In situ droplet size measurements confirmed the 
relevance of the time of flight expression.  

Key words: Spray drift, nozzles, wind tunnel, time of flight 

 Résumé 

La dérive de pulvérisation peut être mesurée au champ ou en soufflerie. Paradoxalement, les 
tests au champ sont sujets à de grandes variations dues aux conditions atmosphériques mais 
peuvent être plus facilement réalisés contrairement aux tests en soufflerie. Ainsi les 
principaux modèles de dérive sont basés sur des mesures au champ alors que peu de modèles 
s’inspirent de mesures en soufflerie. L’objectif de ce travail a été de définir un ou des 

descripteurs de la dérive sur la base de l’analyse de courbes de dépôts obtenues dans la 

soufflerie d’IRSTEA Montpellier. Par rapport aux souffleries existantes, un protocole 

d’exposition de longue durée a été utilisé avec une forte densité d’échantillonnage. Un plan 

expérimental comprenant 99 modalités a été réalisé en prenant compte 3 différents types de 
buses (FF, AI, AI Twin jet), 3 différentes hauteurs de rampe de 40 à 80cm, différentes 
positions de rampe (frontale, latérale et angles intermédiaires) et 3 différentes vitesses de vent 
entre 2 et 7.5m s-1. Les résultats ont montré que le taux de dérive à 5m sous le vent (DR5) 
correspond au descripteur le plus robuste si l’on tient compte du large spectre de paramètres et 

de réglages. Des modèles de premier ordre ont été définis pour l’expression de l’effet de la 

vitesse du vent ainsi que de la hauteur de rampe selon le temps de vol des gouttes (ToF). Ainsi 
il est possible de comparer des résultats issus de conditions expérimentales différentes et de 
simuler l’effet de la vitesse du vent et la hauteur de la rampe pour un type donné de buse. Des 
mesures in situ de taille de gouttes ont confirmé la pertinence du temps de vol comme base de 
l’expression des résultats. 

Mots clés : Dérive de pulvérisation, buses, soufflerie, temps de vol  


