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Background and Project Summary (2024-29) UNSW
Primary Goal:
« To design, construct, and validate a post-harvest drying system optimized for
hazelnuts.
Feature

« Scalable, low-cost, energy-efficient, real-time monitoring drying system tailored
to Australian conditions.

Specific Objectives:

« Achieve uniform moisture reduction without quality degradation.

« Enable real-time monitoring of drying conditions via loT integration.
 Investigate drying kinetics and nutritional changes.

 Low cost.
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Heat transfer

What happens during drying
hazelnuts?

Moisture

transfer




Hot drying air
(l,/RH)

Shell
(Pericarp)

Kernel
(Hazelnut
meat)

Evaporation /

Moist air / water vapor
(T "RHL) vapor diffusion

Heat convection Heat conduction —— Moisture diffusion

(in air) (in solid) (in solid)

HEAT TRANSFER

=3 Heat is convected from the hot
drying air to the shell surface.

====9 Heat conducts through the shell
and into the kernel.

r )
MASS AND HEAT TRANSFER
DURING HAZELNUT DRYING

Heat moves inward while
moisture diffuses outward.
\_ J

MOISTURE TRANSFER

-=== Moisture diffuses from the kernel
interior to the shell.

=g Moisture continues through the shell
and evaporates into the drying air
as water vapor.

S =
Vapor transport *.°.*.  Water vapor in
(in air) 85\ drying air
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What Happens - .
Inside a Hazelnut Dryer? &8

Insights from Australlan On-Farm Drying Study / / ?
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- Current Setup: The Problem

Hot air enters from the bottom, creating non-uniform conditions through the hazelnut bulk. AIR OUTLET

r T

CURRENT DRYER - PHOTOS
s &

FRONT PLANE TOP PLANE BOTTOM PLANE TOP ZONE

o= ® Cooler air
¢ Highest humidity
* Lowest velocity

\ J
RESULT: [ PRl ew=
NON-UNIFORM
DRYING
THROUGH THE
HAZELNUT
BULK p =
BOTTOM ZONE
e ¢ Hottestair
¢ Lowest humidity
¢ Highest velocity
L 3

(00 0, O L [

[ HOT AIR INLET |

Hot air is introduced at the bottom of the dryer
and flows upward through the hazelnut bulk.

Hot air enters at the bottom and moves upward,
becoming cooler and more humid as it rises.
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Farm Trials — The Setup

i [ 2
Air being extracted Sensor Rail
through top exhaust fan UNSW

Air Outlet SYDNEY

Programming
board

Air flows through
perforated cavity

\ A Fan connected from

bottom to this pipe
pushing airin.

Unmodified Modified

Dryer 1 and 2 Dryer3 &4 @ AgriFutUI’eS
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Current Dryer Setup
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Construction
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Construction
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Sensors & loT System

o

Exhaust air

UNSW

Temperature + Humidity + Air Velocity Sensors
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How Remote Data Logging System Works
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Sensor Placement
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Integration Process - Fourjay Farms, Orange
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Real Time Data Logging
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Real Time Data Logging Temperature (°C)  Relative Humidity (%)
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Real Time Data Logging
i

UNSW

SYDNEY
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Hot Air Trend
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Hot Air Trend
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Hot Air Trend

Current
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Modified
Dryers
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Data Reporting Criteria

Raw Sensor Data

278728 + 278920 + 278872 + 278952 =

(1-minute logging from 8 sensors) x 4 Dryer 1+2+3+4 1,115,472 Data Points

Hourly Aggregation

Calculation of hourly mean * standard deviation for temperature and relative humidity for each sensor

\ 4

Hourly means combined into weekly hourly profiles 3458 Data Points

Data Visualisation

Heat maps
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Sensors (1-Top to 8 - Bottom)

Ambient Air Trend - Temperature
UNSW

SYDNEY
Dryer 1 (3 Week Ambient Air) Dryer 2 (3 Week - Ambient Air) Dryer 3 (3 Week - Ambient Air) Dryer 4 (3 Week - Ambient Air)
17°C 17°C 17°C 17°C
12.28 13.11 13.64 14.64- 12.51 13.41 13.98 15.09- 11.35 11.80 12.27 13.05 13.80 14.25 11.76 12.61 13.45 14.61-
16°C 16°C 16°C 16°C
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B T E
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@ a ®
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a 2 a
L e L
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11°C § 11°C g 11°C § 11°C
10.55 10.84 11.36 12.00 11.91 12.04 K:E 10.03 10.80 11.54 12.41 12.83 13.04 KR 11.59 11.38 11.15 11.34 11.56 11.78 KR 10.73 11.28 11.81 12.73 13.47 13.95
10°C 10°C 10°C 10°C
10.87 11.65 12.16 12.84 12.62 13.05 10.32 11.37 12.03 12.90 13.12 13.46 10.85 11.17 11.13 11.38 11.62 11.84 10.59 11.34 11.94 12.89 13.61 14.09
9°C 9°C 9°C 9°C
10.99 11.96 12.75 13.42 13.86 14.38 10.90 11.77 12.58 13.33 13.81 14.34 10.84 11.57 12.22 13.00 13.46 13.80 10.85 11.65 12.42 13.34 13.88 14.25
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Control Dryer 1 &2 Modified Dryer 3 & 4
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Sensors (1-Top to 8 - Bottom)

Ambient Air Trend - Relative Humidity

Dryer 1 - (Ambient Air - RH)
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Dryer 3 - (Ambient Air - RH) Dryer 4 - (Ambient Air - RH)
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@ AgriFutures

Australia

90%

85%

80%

75%

70%

65%

60%

55%



Sensors (1-Top to 8 - Bottom)

Hot Air Trend - Temperature

Dryer 1 (3 Week Hot Air)
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ot Air Trend - Relative Humidity

SYDNEY
Dryer 1 - (Hot Air - RH) Dryer 2 - (Hot Air - RH) Dryer 3 - (Hot Air - RH) Dryer 4 - (Hot Air - RH)
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Moisture & Water Activity — Ambient Air Drying

SYDNEY
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Moisture Dry Basis (%)

Moisture & Water Activity — Hot Air Drying

Hot Air - Moisture (%)

Dryer 1 (Top)

Dryer 2 (Top)
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Moisture Dry Basis (%)

Results — Harvest 2026 (Block 4)

Harvest 2026 - Moisture (%)
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Preliminary
Outcomes

4 R
Qg Real-time monitoring
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= Current and modified
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© © 0 06 6 ©0 ©

[ ] [ ) e
Research Pipeline (2025 - 29) UNSW
4 A
CFD Validation Use f:o‘mputatlonal fluid dynam!cs to validate and gxplam the airflow, temperature and
humidity patterns observed during on-farm dryer trials.
\_ J
~N
. . Assess how drying conditions influence hazelnut quality by measuring key chemical
Chemical Testing Ass ying condr 1 nut quatity by g ey
indicators such as antioxidant activity, peroxide value and free fatty acids, etc
J
N

Moisture Sensing

Develop reliable moisture sensing techniques based on the dielectric properties of hazelnuts
to support faster and more accurate moisture assessment.

J
~N
. Investigate how drying affects the internal structure of hazelnut using
Microstructure StUdy CT - whole nut structure, SEM - pore level changes and, MRI — understand water distribution
J
~N
. Evaluate how different storage conditions, including modified atmosphere packaging/storage,
Storage/Shelf Life affect hazelnut quality, oxidagtive stability and shelfigife. i i one ©
J
N
Quality Over Time Monitor how hazelnut quality changes across seasons and over longer storage periods to
(On Farm) understand month to month variation and long term stability in real time on farm.
\ J
( )
Real Time Dryer Dashboard Develop a simple farmer-friendly dashboard to visualize dryer performance in real time and
Trial - Beta Version support better drying decisions on farm.
\_ J

@ AgriFutures

Australia
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= Special shoutout

8/ to Jean’s hazelnut cookies
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HOMEMADE HAZELNUT TREATS
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Questions

Thank you for your time.

For further questions or discussion, please feel free
to contact:

Dr Yong Wang
Primary Supervisor, UNSW
yong.wang2@unsw.edu.au

Pavittar Singh Sandhu

PhD Candidate,

Food Science and Technology, UNSW
Pavittar.singh@unsw.edu.au
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