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A stockpile heated and ambient air dryer (SHAD) was developed as an alternative to con-

ventional almond windrow drying. Previous experiments showe that the drying air pro-

duced by SHAD was undesirably distributed through the almond stockpile. Therefore, an

air distributor was developed containing 12 outlets, arranged in 4 rows of 3 outlets each.

This study describes the comprehensive process of the air distributor design,

manufacturing, and its optimization. The optimization process employed both computa-

tional fluid dynamics simulations and in-field airflow validation measurements. Initial 4-

row air distributor in-field validation measurements indicated airflow distribution per-

centages were 4.1%, 30.8%, 44.9%, and 20.2% for the outlets in rows 1 through 4. This

showed that almonds located around row 1 would not receive sufficient air to properly dry.

Thus, an optimized 3-row air distributor configuration was developed and validated to

yield an airflow distribution percentage of 31.3%, 44.4%, and 24.3% for outlets in the second

to fourth rows, respectively. The 3-row air distributor configuration is therefore desirable,

as the middle and tallest section of the stockpile will receive the highest airflow. The air

distributor therefore markedly enhanced the SHAD's air supply distribution.

© 2023 The Authors. Published by Elsevier Ltd on behalf of IAgrE. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
stockpile referred to as a “stockpile heated and ambient air

1. Introduction

Conventional windrow drying of almonds is prone to pest and

human pathogen infestation (Schatzki & Ong, 2001; Martha

et al., 2012). It affects timely irrigation (Goldhamer & Viveros,

2002) and involves harvesting steps, such as picking and

sweeping, which generate significant and undesirable dust

(CARB, 2017; Downey et al., 2008). To address these challenges,

a previous study by Mayanja et al. (2021) developed and eval-

uated the performance of a dryer to dehydrate almonds in a
(I.R. Donis-Gonz�alez).
.10.002
Elsevier Ltd on behalf of IA
dryer (SHAD)”. The purpose of the SHADwas to facilitate timely

irrigation and eliminate the existing harvesting dust-

generating steps such as picking and sweeping. However, the

SHAD did not properly distribute the drying air within the

almond stockpile, consequently leading to uneven drying.

Additionally, the coefficient of performance (COP) of the SHAD

was 1.33, which was above the limits of other commercially

available dryers (Mayanja et al., 2021), suggesting that the

drying air was not efficiently used to dehydrate the almonds

within the stockpile. Hence, it was considered imperative to
grE. This is an open access article under the CC BY license (http://

Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by/4.0/
mailto:irdonisgon@ucdavis.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biosystemseng.2023.10.002&domain=pdf
www.elsevier.com/locate/issn/15375110
www.elsevier.com/locate/issn/15375110
https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Nomenclature

Abbreviations

CFD Computational fluid dynamics

COP Coefficient of performance

SHAD Stockpile heated and ambient air dryer

Symbols

A Area of pipe (m2)

h Specific enthalpy (J kg�1)

m Molar mass (kg mol�1)

n Number of moles

N Number of outlets

ɵ Angle of outlet (�)
P Pressure (Pa)

Pv Velocity pressure (Pa)

Q Airflow (m3 s�1)

R Gas constant (J K�1 mol�1)

RMSE % Root mean square error (%)

SD Standard deviation

SE Energy Source (kg m�1 s3)

SM Momentum source (kg m�2 s�2)

T Air temperature (K)

t Time (s)

U Fluid velocity (m s�1)

V Airspeed at outlet (m s�1)

x Vertical distance from divider (m)

y Longitudinal distance from divider (m)

b Airflow distribution (%)

l Fluid thermal conductivity (W m�1 K�1)

m Fluid dynamic viscosity (mPa s)

r Density of air (kg m�3)
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develop an air distributor to enhance the distribution of the

drying air throughout the almond stockpile.

Airflow distribution is characterized by the movement of

air from regions of high to low pressure (RSES, 2008). Airflow is

bound by three fundamental conservation laws of physics

(Cengel & Cimbala, 2017): 1) mass, which states that the mass

of air can neither be created nor destroyed; 2) energy, which

states that the sum of all energy types (kinetic, potential, and

internal) along the air stream is the same at every point; and 3)

momentum, which states that air movement can only be

induced by an external force, such as a fan in the case of the

SHAD. The mass, momentum, and energy conservation laws

are described by the NaviereStokes differential equations as

shown in Eqs. (1)e(3). Additionally, airflow is mainly catego-

rized into laminar or turbulent flows (Riveros& Riveros-Rosas,

2010). Their derivation and boundary condition definitions are

described by Drazin and Riley (2006).

vr

vt
þV: ðrUÞ ¼ 0 (1)

vrU
vt

þV: ðrU�UÞ¼V: f� pdþm
h
VUþðVUÞT

io
þ SM (2)
vrh
vt

þV: ðrUhÞ ¼ V: ðlVTÞ þ SE (3)

where, r is air density (kg m�3) with a value of 1.204 kg m�3, U

is air velocity vector (m s�1), m is dynamic air viscosity (mPa s)

with a value of 0.01825mPa s, SM ismomentum source (kgm�2

s�2), h is specific static enthalpy (J kg�1), l is air thermal con-

ductivity (Wm�1 K�1) with a value of 0.02514Wm�1 K�1 and SE
is energy source (kg m�1 s3).

Air distribution systems play a crucial role in dryer design

to facilitate the uniform distribution of the heated or ambient

drying air, ensuring consistent food drying. Also, the ventila-

tion industry adopts the use of air distributors to optimize

roomheating and cooling (Awbi, 1998; Nielsen, 2015). A typical

air distributor consists of a plenum chamber, which reduces

the turbulence of the inlet air flow, before splitting it into

multiple outlets; and outlets (air ducts, perforations, false

floors), which are the drying air exit points aimed at removing

moisture from the foods (Versteeg & Malalasekera, 2007).

Designing an optimized system to efficiently distribute the

air from the SHAD to almond stockpiles could be a complex,

time-consuming, and costly process. However, these chal-

lenges can be mitigated through the application of computa-

tional fluid dynamics (CFD) techniques. Various experimental

and numerical studies have employed CFD to analyze and

improve air distribution in different applications and designs

such as a three-lateral dividing manifold (Hassan et al., 2015),

a fluidized bed equipment (Depypere&Dewettinck, 2004), and

also a hydrogen reformer furnace (Zhou et al., 2009). To the

best of our knowledge, air distributors have not been devel-

oped as an addition for stockpile drying, including almonds.

Therefore, in this study, an air distributor comprising 12 out-

lets using both vertical and horizontal air distribution was

fabricated from a CFDmodel, as an addition to the SHAD. The

air distributor was placed within the SHAD A-frame, under-

neath the almond stockpile. Hence, the primary objective of

this study was the modeling, designing, fabrication, valida-

tion, and optimization of a multi-outlet SHAD air distributor.

The practical application and effect on energy consumption,

drying, and almond quality are described in part 2 of this study

(Mayanja et al., 2023).
2. Materials and methods

2.1. Air distributor design and CFD modeling

The three-dimensional (3D) CFD model design and simula-

tions of the SHAD air distributor were performed in Solid-

Works 2019 Service Pack (SP) 3.0 and its CFD simulation tool

(Dassault Syst�emes SolidWorks Corp, Waltham, MA, USA).

The air distributor for the SHAD was categorized into two

main components, the plenum chamber and the divider.

2.1.1. Plenum chamber
The plenum chamber was directly connected to the fan, which

was intended to uniformly distribute the drying air through the

outlets to the almond stockpile. Its key role is to produce a

uniform airflow to achieve a similar pressure and temperature

https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002
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(T) along its length before subsequently diffusing the drying air

by the outlets (IRRI, 2021). There are two main designs of

plenum chamber, an extended chamber, which contains a

main large duct with multiple outlets along its cross-section;

and radial plenum, which does not contain a main duct, but

rather has individual outlets connected to the main air supply

or fan. In this study, an extended plenum with a cuboid cross-

sectional shape was used, since this design allows for a higher

airflow rate distribution with reduced airflow resistance

through multiple outlets (Cengel & Cimbala, 2017). Three main

shapes of outlets, including round, square, and rectangular can

be used. Round outlets were used in this study as this type

offers the least resistance along the longitudinal air path,

requiring less fan power, using the least amount of material,

and producing lower frequency noise (IRRI, 2021). Twelve out-

lets in 4 rows with 3 on each side (left, right, and top) were

placed on the plenum, as represented in Fig. 1a.

2.1.2. Divider
When air is forced through a uniform cuboid cross-section

plenum chamber, as seen in Fig. 1b, air velocity pressure in-

creases along the longitudinal path, therefore forcing the ma-

jority of the air through the outlets furthest to the air inlet, or

fan (IRRI, 2021). This results in insufficient airflow distribution

to the outlets closer to the air inlet (Jones, 2019). To rectify this

issue, a tapered plenum chamber was added, as shown in

Fig. 1c (Hassan et al., 2014), since this could yield a more uni-

form air distribution across multiple outlets by creating an
Fig. 1 e (a) 3D design of the air distributor showing the outlets n

the divider inside the plenum. Colour reference (Green for outlet

Schematic representation of: (b) plenum with uniform longitudi

cross-section. (For interpretation of the references to colour in th

this article.)
inverse relationship between the exerted velocity pressure and

the area within the plenum chamber (Cengel & Cimbala, 2017).

Therefore, a three-sided tapered divider was placed inside the

air distributor plenum chamber to gradually increase the

pressure of the air through its longitudinal path, as shown in

Fig. 2, thus improving the air distribution through the outlets.

2.1.3. CFD simulation
CFD simulations are typically categorized into internal and

external analyses. The internal analysis includes airflowwithin

the air distributor model or the path of the drying air from the

fan to the outlets. Conversely, external analysis pertains to the

airflow surrounding the CFD model (Matsson, 2012). In this

study, external analysis was not considered as the air distrib-

utor is engulfed by the almond stockpile. The inlet airflow of

1.2 m3 s�1, equivalent to the airflow provided by the fan, and a

static atmospheric pressure of 101,325 Pa were considered to

simulate an open environment model (Matsson, 2012). Then,

the CFD simulationwas conducted and the volumeflow rate for

each of the 12 outlets was output and recorded.

The estimation of the air distributor dimensions was based

on fixed and variable parameters. Fixed parameters were

selected based on space constraints, applicability, and design

feasibility. Fixed parameters included: 1) The overall air

distributor length of 3m long (including outlets) to dry typically

sized stockpiles with a width of 0.5 m based on the available

space within the SHAD A-frame; 2) Outlet dimensions, which

were 0.1m diameter, 0.1m length, and 0.6m spacing from each
umbered from 1 to 12 (grouped in 4 rows), and placement of

s and inlet, grey for the plenum, and yellow for the divider),

nal cross-section, and (c) plenum with tapered longitudinal

is figure legend, the reader is referred to the Web version of

https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002


Fig. 2 e Schematic representation of the divider showing the: (a) top, and (b) side views. Picture showing: (c) plenum, (d)

divider, (e) air distributor ‘assembly’ (plenum chamber and divider) placed within the SHAD A-frame, (f) in-field airflow

measurement set-up, and (g) air distributor showing the outlet pitot tube.

Table 1 e Air distributor variable parameters. 7 indicates
a rejected parameter ✓ shows an accepted parameter.
Accepted parameters were considered to create the initial
4-row configuration design.

Outlet angle of inclination (q �) 30 45 60 70 90

7 ✓ 7 7 7

Divider Height (x m) 0.17 0.18 0.19 0.2 0.21 0.22

7 7 7 ✓ 7 7

Divider Length (y m) 2.5 2.6 2.7 2.8 2.9 3.0

7 7 7 7 7 ✓
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other, sufficient to cover the length of the plenum chamber.

Variable parameters were optimized to provide the lowest de-

viation between the outlets’ airflow, including: 1) Outlet angle

of inclination (q); 2) longitudinal distance from both ends of the

divider (y) (Fig. 2a); and 3) vertical distance from the front end of

the divider (x) (Fig. 2b). The air distributor with q ¼ 45�, y ¼ 3 m,

and x ¼ 0.2 m showed the lowest standard deviation of airflow

between outlets, as seen in Table 1.

2.2. Air distributor fabrication

The air distributor (Fig. 2c, d, and e), comprising the plenum

and divider, wasmanufactured at the University of California,

Davis, Biological and Agricultural Engineering (BAE)

manufacturing shop, from 18 GA carbon steel metal sheets.

2.3. In-field airflow measurements

The air distributor was connected to the SHAD in an open

outdoor space to measure the airflow in each outlet. The SHAD

consisted of a 1.49 kW propane-heated vane axial fan with a

457.2 mm diameter outlet (Sukup Manufacturing Co, Sheffield,

IA, USA). The fan was powered by a 12-kW generator (Model
100297, Champion Global Power Equipment, Santa Fe Springs,

CA, USA). Two straight 304 stainless steel ducts of 152.4 mm

diameter, 1.5 m length, and one 152.4 mm diameter 304 stain-

less steel hose were used to connect the outlet of the SHAD's
fan to the inlet of the air distributor, as shown in Fig. 2f.

One Pitot tube (DS 300 flow sensors, Dwyer Instrument Inc,

Michigan City, IN, USA) was inserted in a 0.15 m pipe con-

necting the outlet of the fan to the air distributor, 2.2 m away

from the fan to measure inlet airflow under approximate

laminar flow (Cengel & Cimbala, 2017). A second pitot tube

https://doi.org/10.1016/j.biosystemseng.2023.10.002
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(PAFS-1010 flow sensors, Dwyer Instrument Inc, Michigan

City, IN, USA) was inserted into a 0.1 m pipe connected to the

air distributor outlets, 2.4 m away from the output of each

outlet to measure the airflow per outlet, as shown in Fig. 2g. A

pressure sensor (Series MS Magnesense, Dwyer Instruments

Inc, Michigan City, IN, USA) was connected to each of the pitot

tubes to record the static and total pressure at 5 s intervals.

The difference between total and static pressures yields the

velocity pressure (Pv). Airflow (Q) was calculated in m3 s�1

using Eqs. (4) and (5) (Cengel & Cimbala, 2017).

V¼
ffiffiffiffiffiffiffiffi
2Pv

r

s
(4)

Q ¼AV (5)

where V is airspeed (m s�1), and A the area (0.008 m2) for the

inlet pipe and each of the outlets, respectively.

An average heated drying T of 55.4 �C and ambient drying T

of 16.7 �Cmeasured by an embedded T sensor (HX94C, Omega

Engineering Inc, Norwalk, CT, USA) were used to calculate the

density of air (r), as stated in Eq. (6) (Dickerson et al., 1979).

r¼ P m
n R T

(6)

where P is atmospheric pressure (101,325 Pa), m is air molar

mass (0.02896 kg mol�1), n is number of moles (taken as 1 to

match units of molar mass) and R gas constant

(8.3145 J K�1 mol�1).

The percentage airflow distribution (b) was calculated

using Eq. (7) (Hassan et al., 2014), reflecting the airflow per

outlet, or group of outlets, in relation to the inlet airflow.

b¼Qi

Q
100 (7)

where i is outlet number, b is flow ratio for the ith outlet, Qi is air

flow rate of the ith outlet (m3 s�1) and Q is inlet airflow (m3 s�1).
2.4. Air distribution optimization

The air distributor was optimized by determining the ideal air

distributor configuration to match the natural shape of an

almond stockpile. The essence of an optimized air distributor

lies in its capacity to efficiently distribute air across outlets,

aligning with a predefined airflow requirement per outlet.

Optimization was performed by evaluating the changes in air

distribution through subsequent sealing of outlets in Rows 1

through 4 with 152.4 mm diameter wingnut expansion plugs

(McMaster-Carr Supply co, Santa Fe Springs, CA). Outlets in a

sealed row that generated the lowest airflow standard devia-

tion (SD) were calculated using Eq. (8), in relationship to un-

sealed outlets considered in the optimized design (Leys et al.,

2013; Wan et al., 2014).

SD¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
Q2

i � ðPQiÞ2
N

N� 1

vuut
(8)

where n is the total number of open outlets (N ¼ 9).

Most air distribution systems, such as building ventilation

units (Lin et al., 2005), parallel flow heat exchangers (Camilleri
et al., 2015; Wang et al., 2011), tray dryers (Colak & Hepbasli,

2007), and bin dryers (T�orrez et al., 1998), focus on delivering

equal airflow quantities through each outlet. However, opti-

mising the air distributor for the SHAD must consider the

natural conical shape of the almond stockpile, which results

from how the conveyor cart deposits the almonds to form a

stockpile. This means that an optimized design has to deliver

the most air to the outlets in the middle region (rows 2 and 3)

of the stockpile, as this is where most of the almonds in the

stockpile are located.

2.5. CFD air distributor model validation

The CFD model validation for the 4-row and 3-row optimized

air distributor configurations was performed by determining

the variation between the in-field and CFD outlet airflow data,

expressed as the percentage root mean square error (RMSE %),

as shown in Eq. (9) (Royapoor & Roskilly, 2015; Lee et al., 2020)

RMSE%¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPN

i¼1
ðMi�SiÞ2

Ni

q
1
N

PN
i¼1Mi

� 100 (9)

where i is outlet number, N is total number of outlets (12), Si is

predicted CFD airflow for the ith outlet,Mi is measured in-field

airflow for the ith outlet.
3. Results and discussion

3.1. Divider design based on the CFD model

Figures 3a and b include the surface plots showing the velocity

pressure distribution within the plenumwith and without the

divider, respectively. The novelty of this design is its imple-

mentation of a three-sided divider to establish a three-

directional tapered plenum in relationship to its twelve out-

lets. Consequently, the velocity pressure inversely changes

along the path of plenum chamber (Cengel & Cimbala, 2017)

producing dissimilar airflows at the outlets (Daly, 2002). A

similar principle was applied by Hassan et (2014) to design a

five-outlet tapered water distribution manifold.

3.2. In-field airflow measurements and CFD air
distributor model validation for the initial 4-row
configuration

Figure 4a shows the in-field airflowmeasurement results (black

line) and corresponding b-values (grey bars) when all the out-

lets are open in the initial 4-row air distributor configuration.

Row 1 (outlets 1e3) yielded the lowest b-value of 4.1%. A low

average b-value for outlets in Row 1 corresponds to lower ve-

locity pressure within the plenum, due to the largest distance

between the divider and the outlets (Delele et al., 2013). A

decrease in the lateral distance between the divider and outlets

leads to an increase in b-value. Thus, the b-value for outlets in

row 2 (outlets 4e6), row 3 (Outlets 7e9), and row 4 (outlets

10e12) were 30.8, 44.9, and 20.2%, where the middle section of

the air distributor (rows 2 and 3) outputs most of the air.

The comparison between the airflow data obtained from

the in-field airflow measurements and the CFD airflow data,

https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002


Fig. 3 e Surface plots showing pressure changes within the air distributor: (a) without divider, and (b) with divider.

Fig. 4 e (a) Percentage airflow distribution (grey bars) and rate (black line); (b) airflow for CFD and in-fieldmeasurements; and

(c) a schematic representation of an almond stockpile receiving air from an air distributor, with its corresponding b-values

in the initial 4-row configuration, or when all the outlets are open. Error bars indicate standard deviation.
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when all the outlets are open is shown in Fig. 4b. The mean

RMSE%was equal to 31.2%. Even though high, the incongruity

between the CFD model outputs and the in-field measure-

ments can be attributed to iteration and grid convergence,

discrepancies between the physical properties of the fabri-

cated air distributor in comparison to the CFDmodel, and high

variability of in-field measurements. Other CFD modelling
studies have yielded a wide range of RMSE% rates, partly

based on model complexity and environmental conditions

that cannot be entirely included in the CFD design and

simulation (Celik et al., 2007). On the low end (<10 RMSE%);

Sonthikun et al. (2016) reported RMSE% between 2.3 and 5.9%

when simulating the temperature and airflow distribution of a

solar biomass dryer; Fohimi et al. (2020) predicted the air

https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002


Fig. 5 e Percentage airflow distribution (gray bars) and airflow rate (black line) when sealing outlets in rows (a) 1; (b) 2; (c) 3;

and (d) 4. (e) Airflow for CFD and in-field measurements; and (f) a schematic representation of an almond stockpile receiving

air from an optimized 3-row air distributor design, with sealed outlets in row 1, with its corresponding b-values. Error bars

indicate standard deviation.
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ventilation and thermal comfort of an Atrium space with a

RMSE% of less than 3%; Antony and Shyamkumar (2016)

simulated the air velocity of a fluidized bed dryer with a

RMSE% of between 4.7 and 8.23%; and Zhang et al. (2016)

predicted the air temperature and velocities for aeration of

an indoor plant factor system with RMSE% of 8.9% and 7.5%,

respectively. Conversely, studies that reported high errors

rates include; Ali et al.(2012) who predicted the velocity and

temperature of a ship cabin air distributor with a RMSE% of

20.3% and 5.7%, respectively; Ameer et al.(2016) predicted air

velocity distribution and ventilation effectiveness of wind

towers with RMSE% of 1.58e24.3%; and Lawrence and Maier

(2011) obtained RMSE% of 4.4% and 23.1% at the center and

periphery, respectively for airflow distribution in a maize silo

with different grain mass configurations.

In this study, the highest RMSE% was observed in the

airflow outputs for row 1 (outlets 1e3). In addition, row 1

outlets also produced the least amount of airflow, as seen in

Fig. 4c. Therefore, there was a need to optimize the design and
explore the effect on air distribution with a 3-row, instead of a

4-row air configuration.

3.3. Air distributor optimization and corresponding CFD
air distributor model validation

Figure 5 shows the air distributor in-field airflowmeasurement

results (black line) and corresponding b-values (gray bars) when

outlets in rows 1 (a), 2 (b), 3 (c), and 4 (d) were subsequently

sealed. Sealing outlets in row 1 yielded the lowest airflow SD on

the open outlets (0.03 m3 s�1), in comparison to sealing outlets

in rows 2 (0.06 m3 s�1), 3 (0.04 m3 s), and 4 (0.06 m3 s�1).

Comparison between the in-field measured airflows and

the CFD-generated airflow data based on the optimized air

distributor design with a 3-row configuration is shown in

Fig. 5e. The mean RMSE% of the 3-row optimized design was

equal to 14.72%, which is within an acceptable range in rela-

tion to other studies and lower than the 4-row design. In

addition, the 3-row optimized air distributor delivers air

https://doi.org/10.1016/j.biosystemseng.2023.10.002
https://doi.org/10.1016/j.biosystemseng.2023.10.002
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matching the natural shape of the stockpile, where most of

the air is delivered to the middle section, or where the highest

volume of almonds is located. The final implementation of the

optimized 3-row air distributor can be performed in twoways:

1) Selectively sealing specific outlets; and 2) Strategic adjust-

ments to the placement of the air distributor within the A-

frame of the SHAD or placing the air distributor towards the

entrance of the A-frame. Modifying the placement of the air

distributor can easily ensure that the outlets in row 3, which

deliver the highest airflow are positioned beneath the tallest

section of the stockpile, and therefore outlets in rows 2 and 4

are positioned beneath the sections in the stockpile that

contain less almonds, thus enhancing the effectiveness of air

distribution. Ultimately, a 3-row configuration air distributor

yielded b-values of 31.3, 44.4, and 24.3%, as seen in Fig. 5f.
4. Conclusions

This study focused on developing an air distribution system to

enhance the performance of a previously developed SHAD. The

addition of the air distributor aimed to optimize the efficiency

of air distribution during the dehydration process of stockpiled

almonds. In-field airflow measurements from the 12-outlet air

distributor yielded b-values of 4.1, 30.8, 44.9, and 20.2% across

outlets in rows 1, 2, 3, and 4, respectively. This uneven air dis-

tribution would likely affect the performance of the SHAD and

therefore compromise the dehydration of almonds around the

first row. As such, a 3-row air distributor was optimized

through selective sealing of outlets in row 1, which yielded

improved b-values of 31.3%, 44.4%, and 24.3% for rows 2, 3, and

4, respectively. The optimized 3-row air distributor configura-

tion is desired, since the middle and tallest section of the

stockpile, which contains the highest volume of almonds, will

receive most of the airflow. Validation of the air distributor

between the in-field airflow measurements and CFD airflow

data showed that the RMSE% was 31.21% and 14.72% for the

initial 4-row air distributor configuration, and the optimized 3-

row configuration (i.e. sealed outlets in row 1), respectively.

Comparison with similar studies revealed that the RMSE% of

the 4-configurationmodel is beyond limits, but the optimized 3-

configuration model is within acceptable limits.

The optimized 3-row air distributor configuration that

emerged from this study appears to be a promising addition to

increase air distribution capability of the SHAD and increase

its drying performance. Future work will explore an air

distributor design with an increased overall length for larger

stockpiles, but based on the observation here, the overall

concept and design should not significantly change. Part 2 of

this study explores the air distributor applicability in combi-

nation with the SHAD with the purpose of effectively dehy-

drating almonds, while maintaining their quality, in different

stockpile sizes (Mayanja et al., 2023).
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