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 Determining the terminal velocity as one of the important aerodynamic properties of particles and 

grains is essential for pneumatic separation, grading, and handling. A wind tunnel system was used 

in the present research to measure the aerodynamic terminal velocity of pistachio nuts. Some 

physical properties were measured and calculated. The effects of pistachio mouth status at four 

levels (closed, open, and semi-open mouth, and shell) were investigated on its terminal velocity. 

The volume, mass and density of that were 1.33±0.37 cm
3
, 0.97±0.31 g and 0.72±0.18 g cm

3-1
, 

respectively. The average aerodynamic terminal velocity of pistachio was 9.43±1.38 m s
-1

. The 

aerodynamic terminal velocity of the pistachio had a direct relationship with the studied physical 

characteristics, except for density. The terminal velocity of open-mouth pistachio nuts (9.50±0.61 

m s
-1

) was significantly lower than that of closed (10.12±0.51 m s
-1

) and semi-open mouth 

(10.16±0.62 m s
-1

) nuts, with the terminal velocity of the shells (6.51±0.65 m s
-1

) showing the 

lowest values. The results revealed that terminal velocity can be considered for pneumatic 

separation of shells from pistachio nuts as well as the separation of open-mouth nuts from closed-

mouth ones.    

Introduction 

The terminal velocity is a constant speed that an 

object can reach in a fluid. This character for 

agricultural products is expressed in two forms: 

hydrodynamic and aerodynamic terminal velocity 

(Kheiralipour, 2008). Hydrodynamic terminal velocity 

refers to the case when a fruit or vegetable moves in a 

liquid (Kheiralipour et al., 2008). Aerodynamic 

terminal velocity is used for an object moving in a gas 

or air. In agriculture, the terminal velocity is used for 

small and light particles such as grains, cereals, nuts, 

etc. The aerodynamic terminal velocity of agricultural 

products is the air speed required to suspend or 

balance the product in the air. 

Aerodynamic terminal velocity has been employed for 

separation of agricultural products since 1959 

(Mohsenin, 1986). Also, aerodynamic terminal 

velocity has been utilized in pneumatic transferring of 

material (Kroulik et al. 2016). This is an efficient 

feature for conducting separation process in grain 

combine harvesters (Khoshtaghaza and Mehdizadeh, 

2006). Several studies have been conducted on the 

terminal velocity of agricultural products such as 

barley and pea (Gürsoy and Güzel 2010), tef (Zewdu, 

A.D. 2007), lentils (Basati et al., 2019), cotton seed 

(Tabak and Wolf, 1998), garlic (Masoumi et al., 

2003), sunflower seeds (Gupta et al., 2007; 

Chavoshgoli et al., 2014), and sorghum (Vasundhara 

et al., 2019). Hemmat et al. (2007) determined the 

terminal velocity of the chopped silage corn with 

different levels of moisture content. Nalbandi et al. 
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(2010) determined terminal velocity of Turgenia 

latifolia seeds to separate them from wheat grains. 

They reported that the terminal velocity of Turgenia 

latifolia seeds and wheat grains increased from 6.775 

to 6.877 m s
-1

 and from 9.587 to 9.25 m s
-1

, 

respectively, upon elevating its moisture content from 

7 to 20.8% w.b. Ghamari et al. (2010) conducted a 

study to determine the aerodynamic properties of rice, 

chickpea, and lentil and modeled it by artificial neural 

networks method. Basati et al. (2019) studied the 

effects of moisture of lentil grain on its terminal 

velocity. Masoumi et al. (2020) measured the terminal 

velocity of paddy and observed that its value for 

awned paddy was on average 2.55% higher than that 

of awnless paddy. Kabas et al. (2023) modeled the 

terminal velocity of hazelnut based on the 

mass, density, geometric diameter, surface plus 

projected area, and moisture content of the nut 

samples and achieved highest accuracy (91.5%) using 

artificial neural networks method.  

Pistachio (Pistacia vera L.) is one of the most 

important plant crops that produces commercially 

valuable edible seeds (Eslami et al., 2019; Sharifkhah 

et al., 2020; Hosseini et al., 2022). Previous studies 

have examined the terminal velocity of the pistachio 

nut (Pistacia vera). Polat et al. (2007) measured the 

terminal velocity of pistachio nuts and their kernels at 

7.1% (w.b.) moisture content. Kashaninejad et al. 

(2006) determined the terminal velocity of pistachio 

under the effect of its moisture content from 4.10 to 

38.10% w.b. The researchers reported that when 

moisture content increased, so did the terminal 

velocity of the pistachio nut and kernel. Similarly, 

Razavi et al. (2017) achieved the same trend when 

studying the terminal velocity of five varieties of 

pistachio nuts and their kernels when moisture content 

changed from 37.6 to 4.0% w.b. As the literature 

shows, the effect of moisture content on the terminal 

velocity of pistachio nut has been investigated, but the 

contribution of the present research indicates the 

effects of size and mouth status of pistachio nut on its 

terminal velocity. 

Pistachio is one of the most important agricultural 

products due to its taste and nutritional properties. It is 

also important for human health due to its protein, fat 

and fatty acids as well as energy content and 

containing nutrients, vitamins, minerals, and 

antioxidants which provide some medical properties 

(Abdoshahi et al., 2011; Goldin et al., 2006; Roozban 

et al., 2006). One of the main issues in pistachio nuts 

is size non uniformity. As with other agricultural 

products, pistachio has different varieties and includes 

different sizes in each variety with its size varying 

from small to large. Medium and large pistachio nuts 

have more marketability and are sold in stores while 

small pistachios have low marketability and are 

mostly sent to the food processing plants. Thus, sizing 

is a necessary postharvest step of pistachio nuts. The 

goal of this research is to study the relationship 

between terminal velocity and the size of pistachio 

nut.  

Another issue of pistachio nut is its mouth status 

which includes open-mouth (smiling) and closed-

mouth (non-smiling) types. Open-mouth pistachios 

are sold in the markets while closed-mouth ones have 

few customers and no export value, so they are sent to 

processing factories. In factories, closed-mouth 

pistachios are used in producing different foods or are 

turned into open-mouth nuts using special mechanical 

systems. Such pistachios are usually not completely 

open-mouthed and are semi-smiling or semi-open 

mouths. Also, the relationship between terminal 

velocity and mouth status of pistachio nuts has been 

investigated in the present research. 

As mentioned, the two problems of pistachio nuts are 

variation of size and mouth status which has reduced 

its marketability and price. Thus, the novelty of the 

present research is investigating the relationship 

between the aerodynamic terminal velocity of the 

pistachio nut and its size as well as mouth status to 

evaluate the capability of terminal velocity in 

separating different sizes and mouth statuses.  
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Materials and Methods 

Pistachio samples 

Pistachio specimens of Akbari variety were purchased 

from Ilam markets. In total, 74 samples with different 

mouth statuses and sizes were manually divided by  

 

 

 

the experts. The samples were first classified into four 

groups: closed mouth, open mouth, semi-open mouth, 

and shell. Also in each group, the samples were 

divided into three groups: small, medium, and large 

(Fig. 1). 

 Closed mouth Open mouth Semi open mouth Shell 

Large 

 

Medium 

Small 

Fig. 1. The pistachio nuts with different sizes and mouth statuses.  

Physical characteristics 

The aerodynamic and hydrodynamic property of 

materials is related to the physical characteristics of 

the particles, the environment, and the accelerating 

gravity (Mohsenin, 1986; Jordan and Clark, 2004; 

Kheiralipour et al., 2010a&b; Kheiralipour, 2014). 

Thus, it is necessary to have sufficient information 

about the physical properties of agricultural products 

that are effective on their aerodynamic behavior. 

Some physical characteristics were determined by 

standard methods (González-Montellano et al., 2012). 

The dimensional characteristics including the length, 

width, and height, were determined using a caliper 

(LUTRON DC-515, Lutron Electronic Enterprise Co., 

Taipei, Taiwan) with 0.1 mm accuracy. The mass was 

obtained using a digital scale (Model: GF6100, AND 

Co., Tokyo, Japan) with an accuracy of 0.001 g. The 

area, volume, and density of the pistachio nuts were 

also calculated (Kheiralipour et al., 2015; 

Kheiralipour and Marzbani, 2016). 

 

Aerodynamic terminal velocity 

Experimental measurements   

The system utilized to determine the aerodynamic 

terminal velocity has been displayed in Fig. 2. The 

system includes a blower with 2 kg mass and 

27×27×20 cm dimensions (IRAN-BLOWER-2.5 

INCH, IRAN-BLOWER Co., Tabriz, Iran), an air 

transfer pipe, an air column, a sample location, a 

chassis and electrical connections. A special vertical 

pipe is required to place the sample. A wind meter 

was used to measure the wind speed (Model: 

LUTRON AM 4206, Lutron Electronic Enterprise 

Co., Taipei, Taiwan). Applying this system, the 

terminal velocity of pistachio nuts was determined 

with different sizes and statuses. 

The pistachio nut specimens were placed on the net in 

the wind column after which the wind speed was 

elevated so that the specimen was suspended in the 

air. In the suspension time, the wind speed was 

measured by the wind meter as the aerodynamic 

terminal velocity of the pistachio nuts. 
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Blower 

Chassis 

Air transfer pipe 

Chassis 

Air column 

Sample location 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 2. The used system to determine the terminal velocity of the different pistachio nuts. Electrical connections 
 

Data analysis 

The present study examined the effects of two 

variables including mouth status and size on 

aerodynamic terminal velocity of pistachio nut. 

Depending on the mouth status of the nut, different 

groups  including four levels of closed mouth, open 

mouth, semi-open mouth, and shell, as well as 

pistachio size including three levels of small, medium, 

and large were investigated.   

The analyzed data included physical characteristics 

and aerodynamic terminal velocity of pistachio nuts. 

Using Excel Worksheet Software, the mean values of 

measured characteristics were obtained and linear 

single-variable regression diagrams were provided to 

display the relationship between physical 

characteristics of pistachio nuts. Using SPSS 

Software, the mean terminal velocities of pistachio 

nuts with same volumes were compared.  

Results  

Physical characteristics 

Four types of pistachios including closed mouth, open 

mouth, semi-open mouth, and shell have been 

considered to be evaluated in the present study. The 

physical characteristics and terminal velocity of 

different pistachio specimens have been listed 

separately based on their mouth status (Table 1). 

Further, the mean values of physical characteristics 

and terminal velocity of the samples have been 

provided in the table. According to Table 1, the mean 

length (a), width (b), and height (c) of pistachio 

samples were 20.13, 11.92, and 10.53 mm, 

respectively. The lengths of the samples were within 

the range of 17.97-21.64 mm and their widths ranged 

from 11.20 to 12.95 mm with the minimum and 

maximum of pistachio height being 10.29 and 10.66 

mm, respectively.  

The mass of pistachio samples varied from 0.26 to 

1.52 g with an average of 0.97 g. The area, volume, 

and density of pistachio samples were calculated as 

1.89 cm, 1.33 cm
3
, and 0.72 g cm

 3-1
, respectively. The 

aerodynamic terminal velocity of pistachio nuts was 

between 5.58 and 11.02 m.s
-1

 with an average of 9.43 

m s
-1

. 

Table 1 does not specify a specific trend between the 

length, width, and height of pistachio samples. The 

length of closed mouth pistachios (20.67 mm) and 

semi-open mouth (20.28 mm) was greater than that of 

open mouth nuts (19.59 mm) and shells (19.48 mm). 

Regarding width, semi-open mouth pistachios (12.42 

mm) were larger than shells (11.88 mm), the shells 
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were larger than open mouth pistachios (11.78 mm), 

and the open mouth pistachios were larger than closed 

mouth nuts (11.52 mm). The height of open mouth 

pistachio samples (11.67 mm) was higher than that of 

other nuts. It was followed by the semi-open mouth 

samples (11.26 mm), closed mouth ones (10.67 mm), 

and the shells (7.02 mm), respectively. 

The calculated projected area for pistachio samples 

was arranged from larger to smaller as semi-open 

mouth (1.98 cm
2
), open mouth and shell (1.82 cm

2
), 

and closed mouth (1.87 cm
2
) pistachio groups . Such 

an arrangement was obtained for the volume of 

pistachio groups as semi-open mouth (1.50 cm
3
), open 

mouth (1.42 cm
3
), and closed mouth (1.34 cm

3
). 

However, the size of the shell specimens had the 

lowest value (0.83 cm
3
) since only one side of the 

pistachio shell had lower height compared to a whole 

pistachio nut. The order of pistachio groups based on 

mass was the same as that of volume. The mass of 

semi-open mouth pistachio samples (1.16 g) was 

higher than that of closed mouth (1.07 g) and they 

were higher than that of open mouth nuts (1.01 g), 

with the mass of shells (0.33 g) being the lowest. 

The order of density of the pistachio samples was not 

similar to that of mass and volume. The density of 

closed mouth samples (0.81 g cm
3-1

) was highest 

followed by semi-open samples (0.79 g cm
3-1

), open 

mouth pistachios (0.72 g.cm
-3

), and shells (0.43  

cm
3-1

). 

Table 1. The physical characteristics and terminal velocity of different pistachio nuts.  

Mean Shell Semi open mouth Open mouth Close mouth Unit Character 

20.13±2.04 
19.48±3.

12 
20.28±2.18 19.59±1.61 20.67±1.48 mm Length 

11.92±1.07 
11.88±0.

99 
12.42±1.20 11.78±0.72 11.52±1.10 mm Width 

10.53±2.21 
7.02±12.

91 
11.26±1.24 11.67±1.28 10.67±0.70 mm Height 

1.89±0.27 
1.82±0.3

6 
1.98±0.28 1.82±0.23 1.87±0.24 cm

2
 Projected area 

1.33± 0.37 
0.83±0.3

1 
1.50±0.35 1.42±0.30 1.34±0.23 cm

3
 Volume 

0.97±0.31 
0.33±0.0

7 
1.16±0.16 1.01±0.17 1.07±0.14 g Mass 

0.72±0.18 
0.43±0.1

1 
0.79±0.14 0.72±0.06 0.81±0.14 g cm

-3
 Density 

9.43±1.38 
6.51±0.6

5 
10.16±0.62 9.50±0.61 10.12±0.51 m s

-1
 

Terminal 

velocity 

 

The order of the pistachio groups based on the 

aerodynamic terminal velocity was exactly the same 

as that of mass and volume. This means that the 

terminal velocity of semi-open pistachios (10.16  

m s
-1

) had the highest value, and that of closed mouth 

nuts (10.12 m s
-1

) was higher than that of open mouth 

nuts (9.50 m s
-1

) and the terminal velocity of the shells 

(6.51 m s
-1

) showing the lowest value.  

The values of terminal velocity of pistachio nuts and 

their kernels at 7.1% (w.b.) were reported as 5.81 and 

6.26 m s
-1

, respectively by Polat et al. (2007). 

Kashaninejad et al. (2006) calculated the terminal 

velocity of pistachio and its kernel in the ranges of 

7.19-7.93 and 6.45-7.32 m/s, respectively, while 

Razavi et al. (2017) reported these values as 9.8-12.44 

and 8.30-11.10 m/s, respectively.  

Discussion 

The relationship between terminal velocity and 

physical properties of pistachio nut  

A single variable linear regression was used to 

indicate the relationship between aerodynamic 

terminal velocity of pistachio nuts and their physical 

characteristics as well as variation trend of terminal 

velocity of pistachio with the change of its physical 

characteristics.  
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The results of linear regression have been displayed  

in Fig. 3. In the figure, the determination coefficient 

for closed mouth, open mouth, semi-open mouth 

pistachio nut groups and shell have been provided 

separately. Although the determination coefficients of 

the models were low (less than 0.7), they show direct 

relationships between terminal velocity of pistachio 

nut and its length, width, height, projected area, and 

volume while revealing an indirect relationship with 

its density (Fig. 3-g).  

 

 a b 

 c 

  
d 

  
e 

  
f 

  
g 

Fig. 3. The relationship between physical characteristics and terminal velocity of pistachio, a) length, b) width, c) height, d) projected area, e) volume, 

f) mass, and g) density. CM, OM, SOM, and S represent the closed mouth, open mouth, semi open mouth pistachio nuts and shell, respectively, and 

VT represents terminal velocity.  

  

The coefficient of determinations of the developed 

linear models in the present research were low. To 

improve the results, multivariate modeling using 

statistical and intelligent methods can be done in 

future research. Nevertheless, the models indicated 

that the aerodynamic terminal velocity of the pistachio 
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increased with all its physical characteristics except 

for density. The linear models in Fig. 3-g reveal that 

the terminal velocity of all closed, open, semi-open 

mouth position nuts and shell decreased with increase 

in density, indicating an inverse relationship between 

terminal velocity of pistachio and its density. These 

results are consistent with the results of the research 

conducted by Kheiralipour et al. (2010a). The 

researcher reported that the lower the density, the 

higher the hydraulic terminal velocity of apple. 

Mean compression  

To investigate the differences between terminal 

velocity of different mouth statuses of pistachios, the 

terminal velocity of nuts with same volumes was 

compared. For this purpose, pistachios with similar 

volumes were selected. The volume and terminal 

velocity of open and closed/semi-open mouth 

pistachio samples are reported in Table 2. 

Table 2. The comparison of terminal velocity of open and closed/semi open mouth pistachio nuts. 

Volume (g cm
3-1

) Terminal velocity (m s
-1

) 
No. 

OM CM/SOM OM CM/SOM* 

1.08 1.07 9.30 9.60 1 

1.09 1.11 9.20 9.87 2 

1.09 1.12 8.45 9.44 3 

1.10 1.10 8.90 8.13 4 

1.15 1.14 8.55 10.36 5 

1.17 1.03 9.20 8.95 6 

1.27 1.27 9.23 10.00 7 

1.45 1.45 10.22 9.27 8 

1.45 1.46 10.22 10.95 9 

1.51 1.50 9.98 9.84 10 

1.54 1.57 9.30 11.02 11 

1.59 1.57 10.20 10.08 12 

1.61 1.61 9.23 10.23 13 

1.64 1.64 9.63 10.33 14 

1.65 1.65 9.90 10.25 15 

1.68 1.68 10.62 10.00 16 

1.77 1.75 9.98 10.80 17 

1.40
A
 1.39

A
 9.54

b
 9.95

a**
 Mean 

*CM, OM, and SOM represent closed mouth, open mouth, semi open mouth nuts, respectively. **The different letters show significant difference at 

5% probability level. 

A significant difference can be seen between the value 

of the terminal velocity of open mouth pistachio nuts 

and that of closed mouth ones with same volumes. So 

that the average terminal velocity of open mouth 

pistachios (9.54 m.s
-1

) was significantly lower than 

that of closed/semi open mouth pistachios (9.95 m.s
-

1
). The volume and terminal velocity of open and 

closed mouth pistachios are listed in Table 3. In Table 

3, the comparison of the terminal velocity of open and 

closed mouth pistachios confirms the results of the 

previous table. This result suggests that by applying 

the aerodynamic terminal velocity, open and closed 

mouth pistachios with the same volumes can be 

separated. The volume and terminal velocity of open 

and semi-open mouth are provided in Table 4. Based 

on the table, open and semi-open mouth pistachios 

cannot be separated by terminal velocity because of 

non-significant difference between the terminal 

velocities of the pistachio groups.  
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Table 3. The comparison of terminal velocity of open and closed mouth pistachio nuts. 

Volume (g cm
3-1

) Terminal velocity (m s
-1

) 
No. 

OM CM OM CM* 

1.08 1.07 9.30 9.60 1 

1.09 1.12 8.45 9.44 2 

1.17 1.03 9.20 8.95 3 

1.15 1.14 8.55 10.36 4 

1.27 1.27 9.23 10.00 5 

1.45 1.46 10.22 10.95 6 

1.51 1.50 9.98 9.84 7 

1.59 1.57 10.20 10.08 8 

1.61 1.61 9.23 10.23 9 

1.77 1.75 9.98 10.80 10 

1.37
A
 1.35

A
 9.43

b
 10.03

a**
 Mean 

*CM and OM represent closed mouth and open mouth pistachio nuts, respectively. **The different letters show significant difference at 5% 

probability level. 

 

Table 4. The comparison of terminal velocity of open and semi open mouth pistachio nuts. 

Volume (g cm
3-1

) Terminal velocity (m s
-1

) 
No. 

OM SOM OM SOM* 

1.09 1.11 9.20 9.87 1 

1.10 1.10 8.90 8.13 2 

1.45 1.45 10.22 9.27 3 

1.54 1.57 9.30 11.02 4 

1.64 1.64 9.63 10.33 5 

1.65 1.65 9.90 10.25 6 

1.68 1.68 10.62 10.00 7 

1.45
A
 1.45

A
 9.68

a
 9.84

a**
 Mean 

*CM, OM, and SOM represent closed mouth, open mouth, and semi open mouth pistachios, respectively. **The different letters show significant 

difference at 5% probability level. 

The volume and terminal velocity of closed and 

semi-open mouth are presented in Table 5. The results 

of Table 5 show that there is no significant difference 

between the terminal velocity of closed and semi open 

pistachio nuts. Therefore, the result of this table and 

the results of Table 4 suggest that the closed and semi 

open pistachio nuts cannot be separated by means of 

terminal velocity.  

Table 5. The comparison of terminal velocity of closed and semi open mouth pistachio nuts. 

Volume (g cm
3-1

) Terminal velocity (m s
-1

) 
No. 

CM SOM CM SOM* 

1.07 1.10 9.60 8.13 1 

1.12 1.11 9.44 9.87 2 

1.37 1.36 10.17 9.70 3 

1.46 1.44 10.95 10.11 4 

1.57 1.57 10.26 11.02 5 

1.61 1.60 10.23 9.91 6 

1.75 1.72 10.80 10.60 7 

1.42
A
 1.41

A
 10.21

a
 9.91

a**
 Mean 

*CM, OM, and SOM represent closed mouth, open mouth, and semi open mouth pistachios, respectively. **The different letters show significant 

difference at 5% probability level. 
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As observed in Table 2-5, the non-significant 

difference between the volumes of different pistachio 

groups confirms the correct choice of the samples 

with the same volume. 

One of the pistachio processes is the separation of 

open and closed mouth pistachio nuts. The results of 

this research demonstrate that terminal velocity is a 

reliable tool for separating the pistachios with low 

marketability from high quality nuts before sending 

them to the markets.  

Conclusions 

Aerodynamic terminal velocity is an important feature 

with many capabilities in transferring, separating, 

cleaning and pneumatic grading of small and light 

weight products such as cereals, seeds, nuts, etc.  

Considering the importance of the pistachio crop and 

its problems in terms of size and different statuses as 

well as the importance and applications of 

aerodynamic properties of agricultural products, the 

purpose of this study was to determine and compare 

the aerodynamic terminal velocity of pistachios with 

different sizes and statuses. The terminal velocity of 

closed mouth, open mouth, semi-open mouth and 

pistachio nuts and pistachio shell had mean values of 

10.12, 9.50, 10.16 and 6.51 ms
-1

, respectively, while 

their average of volume was 1.34, 1.42, 1.50 and 0.83 

cm
3
 their mass was equal to 1.07, 1.01, 1.16 and 0.32 

g and their mean density was 0.81, 0.72, 0.79 and 0.43 

g.cm
-3

.  

The results of single linear regression revealed that 

the aerodynamic terminal velocity of pistachio nuts is 

directly related to its physical characteristics, except 

for density. There was a weak correlation between the 

terminal velocity of pistachio nuts and its physical 

characteristics; however, some determination 

coefficients of some physical characteristics such as 

mass, volume and density were higher than other 

characteristics. According to the results of this study, 

this method can be used to separate shells and foreign 

materials from different types of pistachio nuts. The 

results of the mean comparisons of the terminal 

velocity of different pistachio nuts indicated that the 

terminal velocity can be used to separate open-mouth 

nuts from closed-mouth ones, but using this method, 

closed-mouth pistachios cannot be separated from 

semi open nuts.  

Acknowledgements 

The authors thank Mechanical Engineering of 

Biosystems Department, Ilam University, Ilam, Iran, 

for supporting the present study. 

Conflict of interests 

The authors have declared no conflict of interest. 

References 

Abdoshahi A, Mortazavi SA, Shabani AA, Elhamirad 

AH, Taheri M (2011) Evaluation of protein, 

fat and fatty acids content of the pistachio 

(Pistacia vera l.) cultivars of Damghan, Iran. 

International Journal of Nuts and Related 

Sciences. 2(4), 15-24. 

Basati Z, Askari Asli-Ardeh E, Rasooli-Sharabiani V 

(20190 Effect of moisture content on 

terminal velocity of lentil grain. Research in 

Agricultural Engineering. 65(1), 7-12. 

Chavoshgoli E, Abdollahpour S, Abdi R, Babaie A 

(2014) Aerodynamic and some physical 

properties of sunflower seeds as affected by 

moisture content. Agric Eng Int: CIGR 

Journal. 16(2), 136-142. 

Eslami M, Nasibi F, Manouchehri Kalantari K, Khezri 

M, Oloumi H (2019) Effect of exogenous 

application of l-arginine and sodium 

nitroprusside on fruit abscission and 

physiological disorders of pistachio 

(Pistacia Vera L.) scions. International 

Journal of Horticultural Science and 

Technology. 6(1), 51-62. 

Ghamari S, Borghei AM, Rabbani H, Khazaei J, 

Basati F (2010) Modeling the terminal 

velocity of agricultural seeds with artificial 

neural networks. African Journal of 

203 



K. Heidarbeigi & S. Samadi                                                                                              Journal of Nuts 15(0) (2024) 000-000 

 

2 
 

Agricultural Research. 5(5), 389-398. 

Goldin A, Beckman JA, Schmidt AM, Creager MA 

(2006) Advanced glycation end products: 

sparking the development of diabetic 

vascular injury. Circulation. 114(6), 597-

605. 

Gonzalez-Montellano C, Fuentes JM, Ayuga-Tellez 

E, Ayuga F (2012) Determination of the 

mechanical properties of maize grains and 

olives required for use in DEM simulations. 

Journal of Food Engineering. 111(4), 553-

562. 

Gupta RK, Gopika A, Sharma R (2007), Aerodynamic 

properties of sunflower seed. Journal of 

Food Engineering. 79, 899-904. 

Gürsoy S, Guzel E (2010) Determination of Physical 

Properties of some agricultural Grains. 

Journal of Applied Sciences, Engineering 

and Technology. 2, 492-498. 

Hemmat A, Emamy M, Razavi SJ, Masoumi AA 

(2007) Terminal velocity of chopped corn 

silage and its separate fractions as affected 

by moisture content. Journal of Agricultural 

Sciences and Technology. 9, 15-23. 

Hosseini N, Rezanejad F, ZamaniBahramabadi E 

(2022) Effects of soil texture, irrigation 

intervals, and cultivar on some nut qualities 

and different types of fruit blankness in 

pistachio (Pistacia vera L.). International 

Journal of Horticultural Science and 

Technology. 9(1), 41-53. 

Jordan RB, Clark CJ (2004) Sorting of kiwifruit for 

quality using drop velocity in water. ASAE 

47(6), 1991–1998. 

Kabas O, Kayakus M, Moiceanu G (2023) 

Nondestructive estimation of hazelnut 

(Corylus avellana L.) terminal velocity and 

drag coefficient based on some fruit physical 

properties using machine learning 

algorithms. Foods. 12(15),  1-16. 

Kashaninejad M, Mortazavi A, Safekordi A, Tabil LG 

(2006) Some physical properties of Pistachio 

(Pistacia vera L.) nut and its kernel. Journal 

of Food Engineering. 72(1), 30-38. 

Kheiralipour K (2008) Determination of terminal 

velocities of two apple varieties (cv; Redspar 

and Delbarstival) using water column. MSc 

Thesis. University of Tehran, Tehran, Iran. 

Kheiralipour K (2014) Theoretical modeling of fruit 

settling depth in water. International Journal 

of Food Properties. 17, 2361-2366.  

Kheiralipour K, Kakaee M, Nouri B (2015) 

Experimental modeling of orange settling 

depth in water. CIGR Journal. 17(2), 221-

227. 

Kheiralipour K, Marzbani F (2016) Multivariate 

modeling of settling depth of apple fruit 

(Red Delicious variety) in water. Food 

Science & Nutrition. 4(2), 138-142. 

Kheiralipour K, Tabatabaeefar A, Mobli H, Mohtasebi 

SS, Rafiee S, Rajabipour A, Jafari A (2010a) 

Terminal velocity and its relationship to 

physical characteristics of apple (Malus 

domestica borkg L.). International Journal of 

Food Properties. 13, 261-271.  

Kheiralipour K, Tabatabaeefar A,
 
Mobli H, Rafiee S, 

Rajabipour A, Jafari A, Mirzaee E (2010b) 

Modeling of dropping time of Kiwi fruit in 

water. International Journal of Food 

Properties. 13, 1315-1322.  

Kheiralipour K, Tabatabaeefar A, Mobli H, Rafiee S, 

Sharifi M, Jafari A, Rajabipour A (2008) 

Some physical and hydrodynamic properties 

of two varieties of apple (Malus domestica 

Borkh L.). International Agrophysics. 22, 

225-229.  

Kroulik M, Hula J, Rybka A, Honzik I (2016) 

Pneumatic conveying characteristics of 

seeds in a vertical ascending airstream. 

Research Agricultural Engineering. 62(2), 

56-63. 

Masoumi AA, Rajabipour A, Tabil L, Akram AA 

(2003) Terminal velocity and frictional 

properties of garlic (Allium sativum L). 

204 

https://www.researchgate.net/profile/Georgiana-Moiceanu?_sg%5B0%5D=An3PljexaWVSCzXIO7oMy4Fzr7eZvKf02mPY4_5_WDKUzjOnYlcdZYbSU0OMARDeOpX_y8I.pTadQCxBO4qmNdgRZNi3y5b5sdYDF18hz60zimrt--CjUHj0FVqnesVD6igiTkJ2zWw-8AtcTtulvhUpfspt6w&_sg%5B1%5D=NZgC1uiAnMENq1Pvs_-q_pdB2RzAp1wGz47jQE0vF_DxhsNXmOMEvN9DSedEu_DqGoHCwrQ.Ye299zd-6gYX06KfK7pcPhMq-0_ZMLVKkmGiXoVAOfamx8BU3aIchBqEwBqBNbrHAb2-b0y2m3qMU6_j9-HXYA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Foods-2304-8158?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.sciencedirect.com/journal/journal-of-food-engineering
https://www.sciencedirect.com/journal/journal-of-food-engineering
https://www.sciencedirect.com/journal/journal-of-food-engineering/vol/72/issue/1
https://scholar.google.com/scholar?cluster=2003304065674221560&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=2003304065674221560&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=2003304065674221560&hl=en&oi=scholarr


K. Heidarbeigi & S. Samadi                                                                                              Journal of Nuts 15(0) (2024) 000-000 

 

3 
 

Engineering in agricultural, Food and 

Biological Systems. 03-330. 

Mohsenin NN (1986) Physical properties of plant and 

animal material. Goraon beach pollution. 

Routledge.pp. 758. 

Razavi SMA, Rafe A, Akbari R (2017) Terminal 

velocity of pistachio nut and its kernel as 

affected by moisture content and variety. 

Advances in Agriculture and Agricultural 

Sciences. 3 (3), 1-4. 

Masoumi M, Mahmoudi A, Alizadeh MR, 

Abdollahpour S (2020) Effect of awn on 

aerodynamic properties of paddy grains 

(Oryza Sativa L.). Agricultural Engineering 

International: CIGR Journal 22(2), 208-216. 

Nalbandi H, Seiiedlou S,  Ghassemzadeh HR (2010) 

Aerodynamic properties of Turgenia latifolia 

seeds and wheat kernels. International 

Agrophysics. 24(1), 57-61. 

Polat R, Aydin C, Bekir Erol AK (2007) Some 

physical and mechanical properties of 

pistachio nut. Bulgarian Journal of 

Agricultural Science. 13, 237-246. 

Rajabipour A, Tabatabaeefar A, Farahani M (20060 

Effect of moisture on terminal velocity of 

wheat varieties. International Journal of 

Agricultural Engineering. 8, 10-13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Roozban MR, Mohamadi N and Vahdati K (2006) Fat 

content and fatty acid composition of four 

Iranian pistachio varieties grown in Iran. 

Acta Horticulturae. 726, 573-577. 

Sharifkhah M, Bakhshi D, Pourghayoumi M, Abdi S, 

Hokmabadi H (2020) Effect of pollination 

time on yield and antioxidant properties of 

some pistachio cultivars. International 

Journal of Horticultural Science and 

Technology. 7(1), 51-58. 

Vasundhara CH, Rajender G, Teja R, Mamatha P, 

Sunil K (20190 Development and evaluation 

of terminal velocity apparatus for sorghum 

grains. Journal of Pharmacognosy and 

Phytochemistry. 8(3), 1962-1968. 

Zewdu AD (2007) Aerodynamic properties of tef 

grain and straw material. Biosystems 

Engineering. 98(3), 304-309. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

205 

https://www.researchgate.net/profile/Habibeh-Nalbandi?_sg%5B0%5D=yOdWyvwBsEe8bp3yKwucCnAFZ15h2pC6xhBzIiJPZ1BVniox9YFDrgXOXm06_r9Wy0ns8cs.B4rzJDraJ6fJp8YZ_q7WrZLatQUuj4Nh3UbN5pSOm0gh-cdS-dUdsaPmSJrJaMFZSwuOD92qQA6lwPrhByR3Hg&_sg%5B1%5D=MBQgIWTN5QhMCgW2BnW5tPvVHwMSRw8V5-BU5MkB_T3MjyPjDWVrpu9jB9VU6cTcFR5EfRs.LF8_ayDKwqdCG7jGreFwtqMkIAVx0Cs05KP-IKABkS70mav62Nz-1LDDfkc51m7ji_qUA3V-rgpNI-asLGxU2A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/profile/Sadegh-Seiiedlou?_sg%5B0%5D=yOdWyvwBsEe8bp3yKwucCnAFZ15h2pC6xhBzIiJPZ1BVniox9YFDrgXOXm06_r9Wy0ns8cs.B4rzJDraJ6fJp8YZ_q7WrZLatQUuj4Nh3UbN5pSOm0gh-cdS-dUdsaPmSJrJaMFZSwuOD92qQA6lwPrhByR3Hg&_sg%5B1%5D=MBQgIWTN5QhMCgW2BnW5tPvVHwMSRw8V5-BU5MkB_T3MjyPjDWVrpu9jB9VU6cTcFR5EfRs.LF8_ayDKwqdCG7jGreFwtqMkIAVx0Cs05KP-IKABkS70mav62Nz-1LDDfkc51m7ji_qUA3V-rgpNI-asLGxU2A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/profile/Hamid-Ghassemzadeh?_sg%5B0%5D=yOdWyvwBsEe8bp3yKwucCnAFZ15h2pC6xhBzIiJPZ1BVniox9YFDrgXOXm06_r9Wy0ns8cs.B4rzJDraJ6fJp8YZ_q7WrZLatQUuj4Nh3UbN5pSOm0gh-cdS-dUdsaPmSJrJaMFZSwuOD92qQA6lwPrhByR3Hg&_sg%5B1%5D=MBQgIWTN5QhMCgW2BnW5tPvVHwMSRw8V5-BU5MkB_T3MjyPjDWVrpu9jB9VU6cTcFR5EfRs.LF8_ayDKwqdCG7jGreFwtqMkIAVx0Cs05KP-IKABkS70mav62Nz-1LDDfkc51m7ji_qUA3V-rgpNI-asLGxU2A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/journal/International-Agrophysics-0236-8722?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/journal/International-Agrophysics-0236-8722?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.sciencedirect.com/journal/biosystems-engineering
https://www.sciencedirect.com/journal/biosystems-engineering
https://www.sciencedirect.com/journal/biosystems-engineering/vol/98/issue/3


K. Heidarbeigi & S. Samadi                                                                                              Journal of Nuts 15(0) (2024) 000-000 

 

4 
 

 

 

 


