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Development of Microclimate Control Room using IoT
System for Atmospheric Water Harvesting Research

Ronnachart Munsin!”*, Autanan Wannachai', Nopphadon Chongbun!, Satit Karnpian®,
Nachapon Sumankant', Kanthanat Sanwong', Settawut Pinta', Jirasak Panya!, Pracha Yeunyongkul®,
Nawee Nuntapap', Taweesak Mahawan!, Arpirak Hokpanna? and Nattaporn Chaiyat®

! Drepartment of Mechanical Engineering, Rajamangala University of Technology T.anna,
Huay Kaew Road, Muang, Chiang Mai 50300, Thailand
2 Department of Mechanical Englneering, Faculty of Engineering, Chiang Mai University, Chiang Mai 50200, Thailand
3 Thermal Design and Technology Laboratory (TDeT Lab), School of Renewable Energy,
Maejo University, Nonghan, Sansai, Chiang Mai, 50290, Thailand

rotnachact@emutl.ac.th* (corresponding author)

Abstract. For festing the entire system of atmospheric
water harvesting (AWH), large microclimate control room
was required to provide the stable climate conditions. The
objective of this work was to develop an innovative
microclimate contro! room using IoT system to provide the
realistic and stable situation for AWH research. 4 room
with dimensions of 2.5 x 4.5 x 3 m (W x L x H) was
selected. Main controller wnils were used to collect data
from a group of temperature and relative humidity sensors
and to contrel microclimate through the operating devices,
i.e. air conditioner, heaters, humidifier and dehumidifier.
Modes of the control can be selected us offline control by
the control panel or online control by the IoT platform.
Flow and temperature distribution were assessed by
computational fluid dynamics. The desired conditions at
temperature and relative humidily between 20-45 °C and
40-80%, respectively, can be magintained by the control
system with high stability. The alignment of the operating
devices aliowed homageneous lemperafure distribution.
Flow distribution can be adjusted by the air guide vane of
the air conditioner fo provide proper conditions for
differens AHW types.

Recelved by 7 June 2022
Reviged by 13 August 2022
Accepted by 1 Oclobor 2022
Keywords:

microclimate control room, [oT' system, atmospheric water
harvesting, computational fluid dynamics

1. Introduction

The atmospheric water harvesting (AWH) is one of
the reliable and susiainable sources of fresh water, The
moisture In the air iz available everywhere even in
iendlocked areas where the water sources are far and not
available to access [1], The estimated water amount in the
air is around 12,800 trillion liters [2]. The AWH by direct
cooling is now practical and commercial products with a

criterion of climate, i.e. relative humidity (RH) > 30% [3]
and RH > 40 % [4], while the desiccant AWH with high
capability is intensively developed [5]-[9] even in the arid
and desert areas where the RH is less than 20%. Beyond
water production, the desiccant AWH can be served as the
electricity generation [10)-{12}. However, the desiccant
AWH technology are still in the demonstration and proof
of concept.

Most of previous studies for both AWH by direct
cooling and desiccants were performed under the actual
climates [4], [13}[20], which is uncontrollable air
temperature and RH. For example, a group of works tested
the portable AWH system based on the thermoelectric
cooler under ambient temperature and RH in the range of
18-30 °C and 60-82 %, respectively [17], The results
showed that water production rate was varied in 2 wide
range of 2.7-40.3 mL/h. Kim et al [4] reported that the
metal-organic framework {MOF)-801 can capture the water
from air over 0,25 Likg of MOF for a single daily cycle in
the desert of Arizona, USA, where RH is 5% at 35 °C te 40
°C during the day and 40% at 10 °C to 15 °C during the
night, MOF-801 also reported that it produced 100 g of
water/kg of MOF-801 in the same desert, but MQOF-303
delivered over 2 times of water capture [16].

From the literatures, AWHs by direct cooling or
desiccants were claimed by the promising results under
actual climate. However, those resulis are difficult to
compare direclly because of the difference of test
conditions. This is & vuinerable spot of AWH research that
tests under actual conditions. Only few works have studied
AWH with the conirolled climate conditions before going
into the system inlet. Gong et al [12] have tested small
amount of nature-based desiccant I a very small
controllable microclimate chamber. RH can be varied from
20% to 80%, but details of the microclimate chamber were
not revealed. With the simulated microclimate, the extreme
conditions revealed more information of AWH at 20% to
80% RH. Hand and Peuker [21] used the ulirasenic
hwmidifier to simulate a condition of moist air near 100%
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