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ABSTRACT

The air conditioning system of Takasago Innovation Center is a minimal design that
maintains indoor air quality and processes latent heat load by supplying air from outdoor
air conditioning units. Moreover, it is a latent heat separation air conditioning system that
covers the untreated portion of the sensible heat load with radiant air conditioning.
Furthermore, it is equipped with an individual air conditioner as a response to the feeling
of warmth of the individual. From the start of operation of the facility, the operation
method was optimized by trial and error while grasping the characteristics of the air
conditioning system. Subsequently, the performance of the air conditioning system in
summer and winter was evaluated. Consequently, we obtained new knowledge on the
method of operation and design that best utilizes the characteristics of the air conditioning
system against the changes in the thermal characteristics of the zero energy building
(ZEB) and the heat load from the conventional system.
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ABSTRACT

The purpose of this study was to investigate the performance of a personal comfort
system (PCS) and its influence on thermal comfort of workers and workplace productivity
in different ambient environments. The performance of a displacement ventilation
system installed in an atrium space was evaluated both in summer and winter. The system
included few partitions on the first floor and a personal air conditioner, floor heater, and
counter air conditioner on the second floor. Frequent use of the PCS mitigated decreased
thermal comfort levels and workplace productivity associated with increase in ambient
temperature. Workers who frequently used the PCS reported high levels of thermal
comfort and workplace productivity, especially at an interior operating temperature of
26.6°C. Finally, an actual measurement survey was performed in an energy-independent
sustainable research facility equipped with natural ventilation systems to verify
operational methods that contribute to improved intellectual productivity. Operational
changes related to natural ventilation systems were made during the intermediate period,
and each operation was evaluated. The room was found to be rapidly cooled by natural
ventilation in proportion to the outside temperature, creating an uneven thermal
environment. It was confirmed that natural ventilation needs to be implemented under
appropriate outdoor air conditions.
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ABSTRACT

This building was built with the aim of becoming an energy-independent facility with
100% renewable energy. It uses a compact woody biomass gasification Combined Heat &
Power, solar power generation, and a cascade heat utilization system for groundwater.
Business operation of the facility started in March 2020, and each energy system started
operation. We are continuing to grasp the operational status, identify issues, and take
countermeasures and verify them. In this paper, we reported on operational results of
biomass power generation and solar power generation as the renewable energy, and
operational results of using the groundwater and the waste heat from biomass power
generation as the energy consumption.
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ABSTRACT

The Takasago Innovation Center was completed in January 2020 and began operations
in March 2020 with the aim of becoming an energy-sufficient research facility that achieves
both reduced environmental impact and intellectual productivity. In this report, we first
describe the achievement of the zero energy building (ZEB) status and the effect of
reducing CO:z emissions based on the annual energy supply/consumption of the building
by analyzing operational data gathered through the building energy management system
(BEMS). Next, as there is a restriction on the reverse flow of the surplus power generated
(sale of power) to the distribution network of the electric power company, we report the
design and operation of the expansion of battery storage equipment implemented after
completion for the effective utilization of renewable energy.
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ABSTRACT

In this research, we aim to develop an energy self-sufficient system by applying model predictive control.
The objective of this research is to construct a model which can predict both the amount of energy load
and renewable energy generation in a building. We will aim to verify the validity and effects of both the
models and the predictive control, at the Takasago Innovation Center. In this paper, the yearly power
balance and transition of power generation and battery power in the building is estimated by operational
data. As a result, for self-sufficiency of electricity, it was shown that it’s necessary to suppress the
Photovoltaic output from an early stage by predicting energy balance, and to optimize the operation plan
of combined heat and power system.

1. INTRODUCTION

As the Japanese government declared to aim for a carbon neutral society by 2050, attention for ZEBs
(Net Zero Energy Buildings) is higher than ever. But along with the diffusion of renewable energy sources,
the conventional power grid has become so strained that reverse power flow is being limited in some areas
[1]. Furthermore, due to the rise of natural disasters such as typhoons and earthquakes, the importance of a
grid independent, energy self-sufficient system is increasing.

To achieve an energy self-sufficient system by renewable energy sources, we need enough energy to
satisfy the load and appropriate allocation of power by batteries etc. However, in areas where reverse
power flow is restricted, it is necessary to either suppress the amount of power generation or, convert the
surplus power to other energy sources such as thermal energy, when the battery storage reaches full charge.
Whichever method we choose, it is required to optimally control the system with respect to the ever-
changing energy consumption and the amount of power generated from renewable energy sources,
represented by solar power generation (PV).

Therefore, in this study, we adopt model predictive control (MPC), using models of energy consumption,
renewable energy power generation and the energy system. Furthermore, we aim to implement the MPC in
BBV T ¥ A ) _X— 3 & & — (Takasago Innovation Centers: TICs) energy management
system (EMS) [2] and, verify the validity of both the models and the MPC. In constructing prediction
models, we plan to study the latest method of GCN (Graph Convolutional Network) [3], in addition to the
conventional ANN (Artificial Neural Network) and Bayesian neural network.

Specifically, we plan to carry out our research through the following steps.

0) Step 0 Concept and problem identification (This report)
1) Step 1: Constructing models

We will select model construction methods that predicts energy consumption, power generation such as
PVs for a certain period, and verify its accuracy. At this step, both the target accuracy and period of each
prediction models are set through energy simulations. The next report (Part 2) is included in this step.

This article is an update of a technical paper, submitted to the 2021 annual meeting of the Society of Heating, Air-Conditioning and Sanitary
Engineers of Japan (SHASE), September 8-30, 2021, Online conference”

1 Takasago Thermal Engineering Co., Ltd.

2 The University of Tokyo
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2) Step 2: Verification of MPC

We will verify the validity and effect of MPC, in which the models developed in step 1 is implemented.
3) Step 3: Implementation of MPC into the TIC EMS

We will implement the prediction model and MPC constructed in steps 1 and 2, into the TIC EMS, and
demonstrate their validity and effectiveness.

In this report, the outlines of the following are illustrated: the building of TIC, its power source and
storage equipment, the conventional operation plan. the actual values of energy consumption and supply,
the actual values of received power from the grid (August 2020 to April 2021). In addition, after showing
the calculation results of annual power balance and stored energy, operational issues are described.

In the next report (Part 2), on the construction of the prediction models (step 1), the outline of GCN and
the case study results on the prediction of solar radiation using this method is described.

2. OVERVIEW OF TIC

2.1 Building overview

As previously reported [3], TIC was established in April 2020. It is divided into an office, a laboratory, an
equipment exhibition building, a presentation room, and a planting / R&D area (Fig. 1). In the estimation with
BEST, it is expected to achieve ZEB for the office building, and Nearly ZEB for the entire building.

Fig. 1 Overview if TIC

2.2 System overview of energy sources

TIC has an energy system based on power supply from PV, power and thermal energy supply from biomass
gasification generators (CHP: Combined Heat & Power) and redistributed surplus power by storage batteries
[4] (Fig. 2). By the way, since the building is located where reverse power flow is restricted, batteries were
added in March 2021, where the capacity of Li-ion battery was significantly increased, and Sodium-sulfur
battery (NAS) was additionally installed. Table 1 shows the specifications of related equipment.

Innovation Center

Power grid

3¢ $ $
= J [

PV CHP Li-ion battery Sodium-sulfur battery
200kw 40kWx2& 3,390kWh 1,200kWh

Fig. 2 TIC energy system
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Table 1 Equipment specifics

Name Item Specifics
PV Maximum Output 200.64kW (285Wx704 panels)
Type CHP (Fuel:Wood chips of pellets)
CHP Electricity Output 45 KW x 2
Heat Output 100 kKW x 2
Type Lithium-ion battery
Capacity 430 kWh

Battery (Li-ion)

2,965 KWh (Newly-established)

Maximum Output

+ 429 kWh

Overall Efficiency

89.5%

Battery (NAS)

Auxillary 3kw
Type Sodium-sulfur Battery (NAS)
Capacity 1,277 KWh (Newly-established)

Maximum Output

+200 kWh

Overall Efficiency

80% (Heater excluded)

Heater Input

6 kW

Auxiliary

4 kKW

3. ENERGY OPERATIONAL PLAN

3.1 Operation of CHP
Base operation of CHP is planned with the goal of operating 7,800 hours a year for both units [5].

3.2 Operation of storage batteries
(1) Li-ion battery

At the time of establishment, the rated capacity of the Li-ion battery was 430kWh, but it was expanded in
March 2021 to a total of 3,390kWh. From the viewpoint of preventing deterioration, the lower limit is set to
about 50kWh before expansion, and about 300kWh after expansion, and it is set so that discharge cannot be
performed beyond that. For charging and discharging of the Li-ion battery, constant power reception control is
applied. The controller installed in the product constantly monitors the power receiving point. When the
power in the building is surplus (when reverse power flow occurs), the Li-ion battery is charged. When the
power is insufficient (when power flows from the grid), the Li-ion battery is discharged. This control method
is mainly installed in general power storage systems. Because the current system cannot generate reverse
power flow, the set value of power reception from the grid is set to 10 kW, in anticipation of safety. In other
words, even while aiming for power self-sufficiency, power will be constantly received around 10kW.
(2) NAS battery

NAS battery was newly installed in March 2021 as a subsidiary storage capacity for the Li-ion battery [2].

3.3 Operation of PV

For the concept of power generation, CHPs which can provide stable power supply are used as base power
source, in contrast to the PV which is easily affected by the weather. Therefore, PV is targeted for suppression.
Since surplus power cannot be converted into other energy sources with the current equipment, PV output is
suppressed when the storage capacity approaches full charge. Specifically, the PV suppression rate (control
level) increases when the amount of electricity stored exceeds a certain percentage of the preset maximum
storage capacity. Fig. 3 shows the control diagram, and Table 2 shows the current setting values. In this study,
we will proceed with the PV as the target for suppression for the time being.
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Fig. 3 PV output and suppression control

Table 2 Set values of PV suppression control

Batte_ry charged z?mount (%) Suppression level P\./ Output(%) .
(Maximum capacity SP ratio) (PV maximum output ratio)
79 Level 2 100
84 Level 3 100
89 Level 4 90
94 Level 5 60
99 Level 6 0

4. ACTUAL POWER GENERATION AND POWER CONSUMPTION

To show the validity of inputs for the annual estimation described in chapter 5, this chapter explains the
measured data, such as the power generated from CHPs and PVs, the power received from the grid, and the
amount of power consumption from August 2020 to April 2021.

4.1 Actual power generated from CHPs
When both CHPs operated stably, the actual generated power was approximately 74kWh per hour on
average, against the rated 80kWh (40kWh x 2), confirming that the power generation was almost as rated.

4.2 Actual power generated from PV

During the measurement period (August 2020 to April 2021), the daily average of power generation from
PV was approximately 538kWh, about 94% of the estimated value at the time of design (572kWh/day). The
6% difference can be considered that power generation from PV was suppressed when the Li-ion battery
approached the maximum storage amount, as described in Section 3.3.

4.3 Actual received power from grid

The hourly average of received power from the grid was approximately 25 kWh, over 1.5 times the assumed
value (10 kWh). This can be considered that received power increased when the power storage reached the
bottom limit, due to lack of storage capacity.

4.4 Actual power consumption

The daily average of power consumption during the measurement period (August 2020 to April 2021) was
approximately 1,720kWh for the whole building, and about 866kWh for the office. For the whole building,
target power consumption at the time of design was about 4,590kWh, so it was quite less than the target.
During the measurement period, it can be considered that the occupancy rate of the laboratory was
significantly lower than the normal operation state. For the office, it was approximately 1.5 times the initial
target (556kWh). For this, 2 causes are considered: 1. Power for special equipment for exhibition is included,
2. Operation rate of rooftop units where higher than expected [2].
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5. CALCULATION OF ANNUAL POWER BALANCE AND TARGET SETTING

In this chapter, the target value for annual suppression amount of PV output is shown, based on annual
power balance calculation for 2021. Annual power balance calculation is based on simple models such as
power consumption model of TIC, power supply models of CHP and PV, which are based on current
operating conditions previously explained. In addition, the issues in PV suppression and CHP operation is
shown, based on calculation results of annual stored electricity and power received from the grid.

5.1 Annual power consumption

The time average was calculated from measured values, divided into four categories: winter (December-
March), summer (June-September), intermediate period (April-May, October-November), and holidays. For
holidays however, data from March to April 2021 was used, when power usage of the laboratory was near
normal operation.

5.2 Annual power generation from PV

Since there is no actual measurement data of both PV output and solar radiation from May to July, and since
some of the actual measurement data includes the result of suppression control, the annual solar radiation
presented by the Meteorological Agency (Observatory: Tateno) and a simple estimation formula [6] were
used to estimate the annual PV output.

5.3 Annual power generation from CHP

CHP is assumed to operate for 7800 hours a year, generating 74 kWh per hour, as shown in 4.1. In addition
to the year-end and New Year holidays, the year-end and New Year holidays, the long holidays in May, and
the “Obon” period, maintenance days were set on weekends between these consecutive holidays, for a total of
960 hours.

5.4 Charged power of storage battery

Storage capacity is set to 4,200kWh, which is the sum of 2,900kWh for the Li-ion battery (about 85% of the
rated capacity), and 1,200kWh for the NAS battery. As for the Li-ion battery, a margin of about 15% is set,
from the viewpoint of preventing deterioration and as a subsidiary capacity.

5.5 Power for auxiliary equipment
For CHP auxiliary equipment such as chip dryer, circulation pump etc., the average value 8.2kWh was used.
For storage battery auxiliary equipment, the specification value (Table 1) was used.

5.6 Annual power balance

Table 3 shows the calculation results of the power balance in 2021. By subtracting total power consumption
from the total power supply (PV, CHP and received power from the grid), the annual surplus power 27,039
kWh is calculated. But if we set the storage capacity to 4100kWh, it can be considered that a maximum of
4100 kwh of surplus power is capable of charge.

Thus, it can be considered that the surplus power minus the charging capacity is necessary to be suppressed
in total (approximately 23,000kWh). Therefore, for 2021, the target of maximum output suppression of PV
was set to 23,000 kWh. By the way, “maximum output suppression” is defined as suppressed PV output,
which would have been generated if it was not suppressed.

5.7 Annual charged power and power received from grid

Annual calculation results of charged power and received power from gird are shown in Fig. 4 and 5,
respectively. Through calculation, it was assumed that the charge / discharge efficiency was 0.8 (charge: 0.89,
discharge: 0.89). On the other hand, PV suppression control was calculated on the premise of the current
control described in 3.3.

As a result, the total suppressed PV output was approximately 36,300kWh, about 1.6 times higher than the
target (23,000kwWh). On the other hand, it was confirmed that the maximum storage capacity of 4,100kWh
was frequently exceeded, especially from April to July. Therefore, it can be considered that while the current
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PV suppression control works excessively, it is insufficient to keep the storage capacity below the set value,
and that the policy of using MPC mentioned at the beginning is expected to be effective.

As for power received from the grid, there were still some periods in which the expected value (10kWh) was
exceeded, although it was significantly reduced after the addition of batteries. Therefore, since the power
supply is insufficient during these periods, to aim power self-sufficiency, the following solutions can be
considered: 1. Reduce the amount of PV output suppression, 2. Either change CHPs maintenance period, or
increase its operating time in some cases.

On the other hand, it should be avoided as much as possible to suppress PV output in the first place and
therefore, it is necessary to consider capacity control of CHPs in the future.

Table 3 Estimated yearly power balance

+ Item Power
+ |PV 224,312 kWh
Power supply + |CHP 577,200 kWh
+ |Grid 87,600 kwh
Week days 558,629 kWh
Power load - |Holidays 125,994 kWh
Auxiliarys 177,450 kwh
Surplus power 27,039 kWh
Battery capacity - |Li—ion/NAS | 4,100 kWh
Suppress target 22,939 kWh (10% of total PV output)
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6. CONCLUSIONS

This report illustrated the outline of TIC's building, power source equipment, and its energy operation states.
In addition, by calculation of annual power balance and storage, it was shown that predictive control of power
generation and power consumption is necessary, and that detailed verification of CHP's annual operation plan
is also necessary. In the next report (Part 2), on the first step in constructing a prediction model, the outline of
GCN (Graph Convolutional Network) and the result of a case study on solar radiation prediction using this
method is described.
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ABSTRACT

The building number of days is compared with the same construction conditions and construction
verification of the aluminum refrigerant plumbing and the copper refrigerant plumbing is conducted.
The purpose is to understand the merits of The Aluminum Refrigerant System quantitatively.

It was concluded that a person working on the aluminum refrigerant plumbing could reduce their
working hours by approximately 20% as compared to the copper refrigerant plumbing.

The aim of this study is to extensively propagate the “efficiency of " site work as the method of
construction which can contribute to the policy proposed by the government as “how to work,
contribution to reform “ for futures development.
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ABSTRACT

We have developed an open-cycle type adsorbent thermal storage system. Based on an
adsorbent of HAS-Clay, this thermal storage system can utilize the low-temperature waste
heat. We carried out a demonstration of the offline heat transportation from the charged
thermal storage in the co-generation system to the air handling unit (AHU) of painting
process by the tractor. The energy consumption of the cold and hot water used in the AHU
was decreased by dehumidifying the air that flowed into AHU from the thermal storage
tank. The results confirmed a 57% CO2 reduction effect.
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PERFORMANCE VERIFICATION OF A SUB-COOLING
SYSTEM FOR A REFRIGERATION SHOWCASE

Daisuke BABA !, Yoshiaki KAWAKAMI ¢, Shuichi ISHII?, Katsuhiko SHIBATA?
Toshikazu SABURI 1, Kazunari. NISHIKATA 2, Junichi. SHIMOIE 3
Tsutomu. WATANABE 3, Takuya. ABE 3, Masao. TAKEKURA.2

ABSTRACT

Owing to the concerns regarding global warming and ozone depletion, the development of high-
performance energy-saving technologies and equipment for refrigeration systems has become increasingly
crucial in international communities. In 2009, we developed a sub-cooling apparatus called the Eva-chilled
unit for application in multi-type building air conditioners (PAC) and module chillers [1], [2], [3]. This
unit resembles a small-scale cooling tower, and the sprinkling water cools the liquid refrigerant along the
refrigerant pipes using the latent heat of vaporization of the water, thereby reducing the peak power
consumption and overall energy consumption. Furthermore, it reduces the heat island effect. This energy-
saving technology does not depend on the capacity of the air-cooled PAC and is effective only when
installing PAC. In this study, with a focus on the refrigerant system of the grocery supermarket, we
verified the cycle performance of the refrigerant systems in grocery supermarkets in Japan by adding
experimental equipment to the developed unit and presented the results. The experiment was conducted
using refrigerant R410A at a thermal load rate from 0.25-1.0 °C and outside air temperature ranging from
4.1-34 °C. We investigated the hourly electric power consumption and peak value. As a result, we
confirmed that the system COP rate improved by 21% on adding the developed unit at an outside air
temperature of 34 °C. Furthermore, we found that the pressure of the high-pressure side during the
operation of the Eva-chilled unit was lower than that when the operation of the Eva-chilled unit had
stopped, considering the refrigeration effect per unit flow rate improved due to the supercooling of the
Eva-chilled unit.

1. INTRODUCTION

In 2019, as a measure to prevent global warming, the regular report of the revised energy saving law,
Japan, suggested the food supermarket industries to prepare performance reports indicating whether the
target benchmark indicator, obtained by dividing the amount of energy used in supermarkets by the
specified value of an item (calculated from the total floor area, annual business hours, and the size of the
cold equipment), was met. Refrigeration equipment consume in supermarkets account for approximately
56% of the total annual electric power consumption of the entire supermarket facility. Therefore, energy
saving is an urgent problem that needs to be addressed. In 2005, we developed a sub-cooling system for
multi-type building air conditioners using HCFC refrigerants as an energy-saving technology with a heat
exchange function between the refrigerant and the cooling water from outside. In 2009, we developed an
Eva-chilled unit comprising a small cooling unit in the outdoor unit for installation in small-scale
properties. In this study, we conduct a performance verification test to evaluate the energy-saving
performance of the Eva-chilled unit with a refrigerated showcase and report the results.

This article is update of “2™ Asian Conference on Thermal sciences (2" ACTS), October 3-7, 2021, Online conference”
1 R&D center, TTE Co., Ltd.

2 Design Division of Tokyo Main Branch, TTE Co., Ltd.

3 TMES Corporation
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2.2. OUTLINE OF THE EVA-CHILLED UNIT

The Eva-chilled unit integrated heat exchanger and cooling tower were incorporated in the cold system of
the vapor compression refrigeration cycle of HCFC refrigerants of the sub-cooling system, which further
subcooled the refrigerant at the outlet condenser. Because the refrigerant temperature was higher than the
outside air temperature, it would be possible to contribute to energy saving, reduce electricity charges, and
improve the refrigeration capacity if tap water or well water were used as a water supply source. Figures 1
and 2 show the actual photograph and schematic representation of the Eva-chilled unit, respectively. Table
1 shows the specifications of the unit. This system connects to only one unit in the applicable range of 5—
50 HP when applied to a multiple-air conditioner. The unit can be carried through a single door and easily
transported by an elevator. Furthermore, it is easy to install owing to the small refrigerant (®22.2mm) and
water supply (15 A) pipes. It also comprises a refrigerant pipe coil inside the unit, flowing in the liquid
refrigerant condensed in the existing outdoor unit. The control operation of the Eva-chilled unit
automatically sprinkles and ventilates when the pressure in the refrigerant pipe exceeds a predetermined
level.

Table 1 Specifications of the Eva-chilled unit.

Outside dimension S00W % 650D % 1100H
vial About 90 kg
) Weight (includes water and m#igmm]
Eagipment Air volume 2,400 CMH
water sprinkling volume 24 L/min

CUP(C1220) ®9.53

Heat exchanger 22 row X 3 stage x 480L

Voltage 30 200V
Power supply -
Power consumption 250/ 295W (50 /60Hz)
Amount of water Maximum continuous water
consumption consumption (.25 L/min
Water supply Pressure 0.01 ~ 0.5 MPa
X Follow guideline of water quality for
Quality refrigeration and air conditioning
equipment(JSA-GL 02)
Refrigerant liquid pipe CUP ®22.22 x 2 places
conn:ai;ion Water supply pipe 15A female screw (brass)
Drain pipe VP15A single pipe

Fig. 1 Eva-chilled unit when installed in the
PAC’s outdoor unit.

\ TT f Humid air
to operate fan and pump when -

fri t is high \ ressure [: 3
retrigerant pressure Is nig ZWimh Fan
. - O ikl i
Refrigerant liquid * | Sprinkling pipe
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(from outdoor unit) Heat exchanger

. o AN to cool refrigerant by latent
Refrigerant liquid » heat of vaporization
-
(to showcase) Cato valse I
—> P<1 . .
Water supply ‘ Outside air
Y-type strainer

Pump ——@ — Drain

Electromagnetic valve
to blow water of tank at regular intervals

Fig. 2 Schematic of the Eva-chilled unit.
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Fig. 3 Schematic of the experimental apparatus.

Table 2 Specifications of the Eva-chilled unit. Table 3 Measurement item and measurement equipment

Experimental period May 2019 to February 2020 Symbol Measurement item Measuring equipment Point
Refrigerant R410A ® Power consumption Watt hour meter 3
Showease, 4 unis 0 Outside air temperature Weather measurement 1
Bxisting In%/esr]{le(:/\éé%pfezso: San it Outside air relative humidity device 1
Equipment Oﬁ;ié?uﬁ{'aploﬁiiton temp. sets {0 -10°C) Water supply temperature Pipe insertion type RTD 1
Additional | Eva-chilled unit, 1 unit Refrigerant temperature Film-type RTD 8
unit Temperature in showcase Film-type RTD 2
Condition of operation {:‘:ﬂ;‘?mml start/stop of compressor and outdoor air Refrigerant flow rate Coriolis flow meter 1
Thermal load factor | 25, 50, 75, 100% Water supply / Drain flow rate | Electromagnetic flow meter | 2
Interval of measurement | Measurement time : 1 sec. @ Refrigerant pressure Pressure gage 4

and calculation Calculation : average of 1 hour
Water supply Without temperature control
Blow one time 5 hours

3. EXPERIMENTAL EQUIPMENT AND PERFORMANCE VERIFICATION

Figure 3 shows a schematic of the experimental apparatus, a vapor compression-type refrigeration cycle
comprising four refrigerated showcases, a compressor unit, an outdoor unit, and the Eva-chilled unit. The
refrigerated showcases and compressor units were installed indoors, whereas the outdoor and Eva-chilled
units were installed outdoors. Owing to the workability of the piping connection of the Eva-chilled unit and
the actual condition of the customer store, we installed a refrigeration system separately from the compressor
and outdoor units. The refrigerant was discharged by the compressor at high temperature and pressure, and
condensed by the outdoor unit. The refrigerant then enters the Eva-chilled unit and is further supercooled.
Subsequently, it passes through the Coriolis flow meter and is decompressed by the expansion valve in the
returns to the compressor. To prevent heat exchange with the indoor air, the thermal load of the
refrigerated showcase was covered with heat-insulating material. Furthermore, a variable-simulated load
heater was installed in the showcase. The temperature of the refrigeration showcase was set to 2 °C,
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whereas the evaporation temperature of the compressor unit was set to -10 °C. The refrigerant pressure
control, compressor frequency control, and expansion valve opening control conform to the manufacturer's
standards. As described in the previous section, the operation of the Eva-chilled unit was controlled in a
way that it operated automatically when the refrigerant pressure exceeded a predetermined level.

Tables 2 and 3 show the experiment duration and conditions and the measurement items and equipment,
respectively. We conducted a performance verification test from May 2019 to February 2020 and
measured parameters such as the power consumption of the compressor, outdoor unit, and Eva-chilled unit
during operation, the outside air temperature and air relative humidity, the temperature of the water supply,
refrigerant, and in the showcase, the refrigerant flow rate, amount of water supply/drain, and the
refrigerant pressure. The performance verification was performed using the data that was obtained by
averaging the data measured for 1 h at 1 s intervals. Based on the experimental conditions, the thermal
load rates of the variable heater in the refrigerated showcase were changed to 25, 50, 75, and 100%. The
thermal load rate is the value obtained by dividing the refrigeration capacity by the rated capacity of the
compressor under experimental conditions, which is a product of the refrigerant flow rate and difference in
enthalpy from the inlet of the compressor to the outlet of the expansion valve. The outside air temperature,
outside air relative humidity, and the water supply temperature to the Eva-chilled were not controlled.
Furthermore, the cycle COP and system COP were stopped were examined during the operation of the
Eva-chilled unit to verify the performance. The cycle COP is the value obtained by dividing the
calculatedrefrigeration capacity by the compressor power consumption, whereas the system COP is the
value obtained by dividing the refrigeration capacity by the total power consumption of the compressor,
outdoor unit, and Eva-chilled unit. The refrigerant enthalpy was calculated using the REFPROP Ver. 10

[4].

4. RESULT AND DISCUSSION

4.1 Operation trend of each measurement value

Fig. 4 shows the time change of each measured value (inlet pressure of compressor Pin, the outlet pressure of
compressor Pout, outside air temperature Ta, the representative temperature in showcase Tc, refrigerant flow
rate Wr) on August 28, 2019, when the thermal load rate was 88% and during the operation of the Eva-chilled
unit. The measurement time was 1 h, starting from 11:00. The representative temperature in the showcase was
between 3 — -1 °C, and the refrigerant flow rate increased as the representative temperature increased.
Moreover, due to an increase in the refrigerant flow rate, the inlet and outlet pressures of the compressor
decreased and increased, respectively. In contrast, when the representative temperature approached the
minimum value (-1°C), the refrigerant flow rate decreased. Therefore, we can conclude that the refrigerant
flow rate was adjusted by the expansion valve opening control against the showcase temperature. At a low
thermal load rate, the start and stop frequency increased owing to the rapid temperature change in the
representative showcase. The changes in the flow rate with time were attributed to the capacity control of the
inverter compressor based on the superheat at the compressor inlet. Moreover, by comparing the changes
during and after operation of the Eva-chilled unit with time, it was confirmed that it had no influence on the
operation control on the showcase side (evaporator side) during the operation of the Eva-chilled unit.

4.2 Comparison of the P-h cycle diagrams

Figures 5 (a), (b), and (c) compare the P-h cycle diagram during and after the operation of the Eva-chilled unit,
respectively, at outside air temperatures of approximately 9.5, 23.5, and 33.5 °C and high thermal load rates
ranging from 80-93%. P is the refrigerant pressure, and h is the enthalpy in the figures. Each section
represents the operation of each piece of equipment, where the compressor is between a and b (A and B), the
outdoor unit is between b and ¢ (B and C), the Eva-chilled unit is between ¢ and c', the expansion valve is
between ¢’-d (C-D), the refrigerated showcase is between d and a (D and A) . Note that the lower-case and
upper-case letters show each equipment section during and after the operation of the Eva-chilled unit,
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respectively. It can be confirmed that the supercooling effect (between c and c') was greater during the Eva-
chilled unit operation compared to after the operation, at any outside air temperature. Furthermore, the
3 .

45
28/8/2019 Thermal load rate 88% { 40
25 D i iy e®S pmmN oy ——— - _ B PP 35
s b C ‘H‘"“‘a Pout - - - - 4 30
o ——. e . TP
E L5 r \ Ta 1 20 %)
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_{ Pin ) 10
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11:00 11:30 12:00
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100 F w— JIt : Ref. flow rate
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Fig. 4 System operation results during operation of the Eva-chilled unit.
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Fig. 5 Comparison of the P-h cycle diagrams during and after the operation of the Eva-chilled unit..
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pressure on the high-pressure side was lower during the operation of the Eva-chilled unit compared to after
operation. The drop in the high-pressure side pressure can be attributed to the fact that the refrigerating effect
per unit flow rate (between d and a) is improved by supercooling the Eva-chilled unit, and the heat load can be
processed even at a low flow rate. Note that the pressure on the low-pressure side was almost the same during
and after the operation, considering the showcase internal temperature was 2 °C and the compressor unit
evaporation temperature was -10 °C, which enabled constant control over the low-pressure side of the cycle.

4.3 Energy saving effect by the Eva-chilled unit

Table 4 shows the effect of energy saving when the Eva-chilled unit operates and stops at almost the same
outside air temperature and thermal load rate. All results showed that both the cycle COP and system COP
were higher during the operation of the Eva-chilled unit than after operation. Furthermore, it can be seen that
the energy-saving effect of some data at intermediate temperatures is lower than that of the other data,
considering the energy-saving effect is low in the intermediate temperature range when comparing the
performance curves of cycle COP and outside temperature of the Eva-chilled unit when it operates and stops.
In the high-temperature range, the energy saving effect of the data increased as the outside air temperature
increased. In this experiment, the cycle COP and system COP rates improved by 25% and 21%, respectively,
when the Eva-chilled unit operated at an outside air temperature of 34 °C and a load rate of 89%. Generally, in
a refrigeration cycle, as the thermal load rate and outside air temperature increase, the refrigerant flow rate is
increased to increase the difference between the refrigerant temperature and outside air temperature to
increase the amount of heat radiation in the outdoor unit. As a result, the pressure on the high-pressure side
increases, thereby increasing the power consumption. In this experiment, the refrigeration effect was
improved owing to the operation of the Eva-chilled unit and the equivalent load could be processed even at
reduced refrigerant flow rates. Therefore, it is considered that the COP can be improved by reducing the
power consumption owing to the decrease in the compressor frequency.

Table 4 Energy saving effect by the Eva-chilled unit.

. . . Effect of enegry saving Effect of enegry saving
Outside air temp. Thermal heat rate Operating state COP. COP.peiem of COPores of COPoyuen
°c % - - - % %
St d 3.86 3.69
48 63 orpe 1 2
Operating 427 3.75
St d 3.04 293
15 61 orpe 16 6
Operating 3.54 i
2.45 2.32
25 54 Stopped 245 232 14 6
Operating 28 247
S d 2.08 1.95
34 4 toppe > 2 14
Operating 2.56 222
51 77 Stoppe.d 3.73 3.59 18 9
Operating 442 39
St d 2.99 2.88
15 93 orpe 16 10
Operating 348 3.16
2.62 2
24 86 Stopped .62 243 i 8
Operating 29 2.62
St d 1.74 1.66
34 89 orpe 25 21
Operating 2.18 2.01

4. CONCLUSIONS

In this study, we connected an Eva-chilled unit to a refrigerated showcase and conducted a performance
verification experiment from May 2019 to February 2020 (outside air temperature 4.8-34 °C). The
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following results were obtained:

(1) Based on the cycle diagrams at outside air temperatures of 9.5, 23.5, and 33.5 °C during and after the
operation of the Eva-chilled unit, the pressure on the high-pressure side was found to be lower during the
operation of the Eva-chilled unit, which was attributed to the supercooling of the Eva-chilled unit.

(2) We confirmed that the energy-saving effect was higher when at high outside air temperature values .
At an outside air temperature of 34 °C and thermal load rate of 89%, we observed 25% and 21%
improvement in cycle COP and system COP. Furthermore, the energy-saving effect of some data at
intermediate temperatures was lower than the other data, considering the energy-saving effect was found
to be low in the intermediate temperature range on comparing the performance curves of cycle COP and
the outside temperatures during and after the Eva-chilled operation.
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Q = haS(Ta - TS) ........... (10)

2o 10)DOBRER b 12X, FieoX(11)E X)) ENDO D E28H Lz,

o= 13 (0 (B (2 wEersiE a
Mu= 092 (SO (S (S ws7sit @

INHORXANEXU)THESND Nu 8LV h ZEDT-, o, VA 2% 1 L LT, WEBIMREK
I BIRIBRIZED T2,

SER T K D L. REEORLT - WIER OREYEBIRECEBEIREIL, &E EoRY) 72
BEE S, < OMERR S THBERBIBES N TV D2, MBS REEICL > TRAR->TEY,
FHEA Dl FHREFR I AR S O A MBI NS, BENIEZ < OmBfEIcB3 2 EREOHEEE & mER
OB R D, FREBEORL T - WA OB BB E-CAB B OFBIX & AR ZHEH L7 27,

PLED X5 72 (2) & K@) DZF DS (FRAFH]) & K(6) & () D EFH DU (FRAFHN) 12D X
2(9) & K0 DOAERL TR O | WAEM O F KR LRI QR T 71O /34 ORI & FHR L WA % @i
L7228 R P OKFRRIRE (BE) LEEOEG RO EitHT5 LN TE S,

2B, B1 EX)~K12)OHBXDOERTLEDOER L, T 1ITHED TR, WA O B FE O 2@k
EIXRR T 5, IS E & Bic, MAZROBIRE & REIT 551 TH 5.

£ 1 THRBOEE O

o | BB ) OREMOREME  [mem] ZK%E  [kgkg]

C | W\ Jkg'K] e : LA JNVZE (=dup/i) [-]
D | JEBURIK [m?s!] BE  [K]
Ha | WA [Jkeg'] R [s]

h | BMRERE [Wm2K!

| EBEMRI ke m?s!]

L | e¥&S [m]

M | BRIV OWEBEIR [kgm3s!]
m | BEWR [kgm?s!]
Nu | o)LL (Ehd/2) [

0 | BRSO BBEIE [Wm?)

ZEPEHEE [ms]
KRELZEENE [
BVRAEE [Wm!K!]
FEEE [uPa S]
ZERRER [

I [kgm?]

S ole (ol |2~ ]Nx]<

AT ar 22K, s AR -2 00, vi KRR
3. WEFRIREBER

AR D X 9 ICAEAERENTET BT, BEELVEBEEE M %2 8 5 (9) TORMEDKEKE &5y
Rw, B HT DI, WEMOKSORELRERENLETHD, —FEREICRBITS, REEOREB LW
JET) & A B D BIfR A W AE SRR & FEOY, WAEM OWBEMEREZ R T 2 ECHETH D, WAEFIRRIT
A 2 o L oz, TAL AL, &L, VAL VAL BXOVIELO, SNEEICEIND 32,

B 3 |ZfE 2 OWREM OWAEFRMRZ R T 82D, —ICREFRBOBREKRFET NS <, T2 TIEER -
RKREDFHET T, "AZ LA U BTN @ TIEAL BEOEL T A MZOWT, FExHRE & %A
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BEOBBEHPREINTWS, B2 B3 DLHIC, BT A NI I ROREERBRETHD, VI D
TV O ESRBR TH D, 7o, ITE, KIEFERT O v b — X O OICHERBRE SN TE -,
B TUERIENAT LAIE, B 8 OX 5 ITHEHBEDORME & &Il BITHEFNCHMT 5720, JL#H
PR FE R TR LG MT O D B2 H T 2WAEM TH D Z LN bh D,

R2ICVATA NENRT LA DOEFEEC, B, BV EOBWME 2 77 2V, AEMEfRITET L0
WEBL, BKRRIELT—EL Lz,

iy T F B =8

o L= " "-.'-'|_, MR ED T ARRE

RER

% &0
= o
=
30
.
;|
"
= 10
I i . 0
BESLUVES BESLUVER o e o 60 L 100
R m%s)
2 REFRROSEE S 3 BAOWBEMOREF R Y
=2 WEER
A7 Ak INAG LA
W A5 2L Hy 3,340 kl/kg 3,000 kJ/kg
B p, 1,043 kg/m3 833 kg/m3
L C, 1.05 kJ/kg K 1.05 kJ/kg K

4. BIERETET L OETHEB

T2 TR ABEIEATE T L DR EA TR T DT DI NR T LA EBF T A O FEEOWEM D
BIZONWT, EENE VDA 2 DOIESR T O R RS T2 EBrAE R & elied 5, EBRiT 10kg OWEM A FEE T
X LEEMER LTSN D . IVHIORERIERE  (10kg ) TFPITITo 7208, BRI IS A B IR S -

29,1
VY 29 5)0

41 NRILA DEHEF] 2919

B 4 T3 A7 LA ERIERE FAWTZGE O, FEREGEROFHERE R 2 ERAER & ik U-ORT, HRUE
D FEHEE S 1% 300mm TH Y, B2 EIE 250 NL/min  (Z285 % 13K 048 m/s) Th 5,

40 (a) OFEBGEEETIZ, EMO X 9 ITHEZER O A DR T 135 110°C—E DM E . fhFa2e5
DB AEM DK DILFEDFISENE L TN =728, EIEBGREE ) S5 0.7 FEE OB, 2250 H
IR Tow DEBRE & HREMEIL 44°C—ETHoTz, £/2. FRIDO K I, 22RO H OIRE How O EBRfE &
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FHRAE AT 60 %RH LA E O @ ME THERF ST o, 2 OEEEBRAAE % B 0.7 REE oIz, iRl
Ko THEEM DK OBENER L, FEEHNO AL SIBEICHEASK T LT, ERO X ) Ic N
BE GHEME) XZEKOANDNSIRICE EF L, TRO X S ICRERNRE GHEE) 122K A 0/l
BIAIZ AR T L7z, 59 1 BEEIR 1T, 2 TOWBEM OKRDBERE T LT, EXD X 51T Tow D ERE L 5
FES BR U T lZ#E Lz, F72, FIRFC How O EBRAE & FHEMEN IR T L, #E22R 0 A DR Hiy
VT U7z,

B4 (b) OEGELTIE, EXOX I TudS 30°CT—E Hin 25 73 %RH T—1E) DZeR M Hin
S, EERBRAAE 0 S WEM DKW O SOSEN A EE) L CREBNOREN EF L, £ 0.14
ER 2 21 Tow D F2BRAE & FHEE IR S E DK 68°CITEE LT, £7-. FRID X 512, Hou D EBRIE & FHEE
LB AR E IR I N OEZ R LT, D%k, AN SKRGWEN R IZETL T, EXO X 5 IcFE
JEPIRE GEHRAE) 2SI HIEICIR T LT, Tou DFEBRIE & FHEMEOHRAIIK T L, £72, TRIO X
INZ, TEEEBHAREAZ T N OE A 7R L7z How O FEBRAE & FHREIIR 2 TN LT, ZOFRO X 9 IZthkx
(ZHEINT 5 K 5 72 FEHEPNIRE & How ORRBEEALN S, ZEWE IR DK Sy OV B EERBRAAE 12 e K
L7 ERLABRIIRA D L TN 2 E AR TE 5, BEEIIKY OWEEIZHHIT D720, WE
BEOWTIE U TERO X I Tou ODFEBRE L FHRMOIRT LT, 4.0 BFEZIZITN 32°Clcle o7, 72,
Lo X mEENEE GHRM) ORFEEIOTR D, HEGEERR DK 5 O IXZE RO i1
T, S S IO AFE CHER T 5 Z L3R TE 5,

PLED X 12 AT LA IERL IR Z T2 35E O BRI O FEBRES R 13, ABUEMATET LI X > T h
L—A4 52 ENTET,

42 A5+ D EH

B5.2i%, B4 74 MEREE AW 6G O, EENEROFERE R 2 ERREE R L ik UCORT, EEVE
DOFEIEE 1% 300mm TH Y HEAGZE5 £&IE 250 NL/min  (ZEE553# 1349 0.48 m/s) Th 5,

B5D (a) OFHEETIE, EXO X 5 ITHEZER DA QIR Ti (38 130°C— B2 s, e ER
DFRBE DWW AEM DKy OLAEDKIEEE L TEDNZ 728, EIRBMGE %2> 5 0.4 FE O, ZEK 0
R Tow D EBRE & FHEMEIT 40°C—ETH o7z, £z, TRO L Y2, ZEXOH DB How D EHRAE &
FHEAEITAY 60 %RH LA EDO@EWME CTHERF ST, Z OEERBAGRE %2> 5 0.4 R ORIIC, a2
Ko THEEM ORI OBENERE L, FEHEENO AL SIBICHEEAK T LT, EXO X 5 I FEEEN
IR GHEM) XX A olEica BES L, TRO K S ICHREBNIRE GHEM) 1X225 0 A nil):
BIEIZ MR T L7z, #9 0.5 Rl £ TlTid, 2 TOWEM OKGBAEDKE T LT, XD X 512 Tou DERE
ERPREAEN ER U T lZHRE L7z, F72, [FIRFC How O EBRE & SHRMEAEMMICIK T L, XKoo AN
JE Hin Wi Uz,

B 5 OMEGEIRTIL, EXO X 912 Tu ¥ 30°CT—E (Hun 2358 65 %RH T—1E) DZERNMERE S,
TEERBA AR B 14 0> D WS DKW AE DO SISERFE A (Y L CHRBEENOREN ES L, 5 0.7 FEfiE £
TOD Touw DEBRAE & FHHEMITA 80°CE/R LTz, o, TRIOD L 51T, Houw D FEBRE & FHHEME X IEER B 4018 1%
IR NDEZ R Lz, T D%, AL S KSEENR R ICHEIT LT, ERO X ICHEEBNIEE GHR
fE) MATNABET LT, T DEREELHBEMBIET Lz, £72, TRIO X S 12, HEERBALAEZ IR/
DA 77 LTz How D FEBRE & FHEMITIEM LT, ZO FRO X S R FIEEIREE & How ORI I, B/
IWOBSE D (b) DNAZ LA DIFEGERRD How OFFRFEACIZH A TRIMICEINT 5 2 L6, kR, &
AW AEBEORIE T T, ERXO XL 912 4.0 BEEZITIE Touw DFEBRIE & FHHREME LK T LT Tin & RO
30°CIZ 72 > 7=,

Pl X oz, iy T OWEERBEEGT 5. WHOEA T A MERiEE 23586 OZ e
DO EBFEFIL, ABUEITET ML > TR —RAT 5 ENTEXT,

7k, ARRBRIEE LIRS E OBIEREEE R G | HEERR O #AE T ORIR T B EE O How O EBREIZIX
PRy, RERBEENEGENTND Z END, Hou DFEBRE & HRMOMEICITREE SNV,

EYENE A ) _R— g vk Z— No.35 2021.

89



HE)

/ Tout(
\

\

\

A\
W
W\
'
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(b)K
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[Do] Lzm:

[HY9%] HET B

H8)

e
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Tout(EER)

Hout(3288)

HE)

Hout(

]
I
I
]
1

15

8 [hour]
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(a) BEEER

4 NRILATOERRELDOREEDEREL (RERE
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Hin
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5. FREHIREV—ILEERA

7RG R — LV ZRT 5 Z L2 A E L B OAREEfTE T V2= 7 B L _R— A TREHY
—ELTZD T, TOBEEZHAT 5,

51 &Et-IREY—IL
T BNAR—ZAORGE - H2E2Y —/E, B 6 O X D ICEIC AT & )i O — TR S A, 225y
FHEIT= 27 &L ® VBA (Visual Basic for Applications) T=2— R{b L7z, ADHEHIZIBWT, EEM OO
SHiE, BEWF OFEE, GEIRIERT . IR E A L, FEWE O AN NSRBI Lt (OFRFMZA L) &5 %
5 Z LT, HMAEKIREEORMZE L ERFETE S, HAEEIL, HAEKEREO T2y b3k
WH#%.’? ﬁ%@@%ﬁtﬁ@ﬂmzﬁﬁ%ﬂj A2 5IRIRE ORIGE(L T T 7 I ERFREN D,
DOFFHY =V TIER T DX O ICEEERIC L > TNAT LA LB TA FOFEWGITNRARETH D |
ﬂﬁ@@%HT LERTE 2 Lo, ZNENOWEFRAOZHE2LLXPHEHE L TND

[ TOLV B ATHR | = f

| mim

AP |

INPUT: L . =
EHEOAOZESERE S REOKHEZEIL M . s
OUTPUT

HAZEROREEDIFEIZE(L

6 THOELEE-IREY—IL

120 130 140 300°C
/ 4

(‘ NAILA (‘

IERETIIZILTABE (HAS : Hydroxyl FUSPEORHEIDA (BA) 2BKLTHD, HRIE

Aluminum Silicate) tAEfERMERL (Clay) H'5 TIZOTABEDEHIR, SREASA ML - BIKELE
RBEEHOMMERIRMUEAS, 20084 [CEEHTTNE EOBKM . AHERACL T, AT EASA MIKUE, B
F TN NO-HIER. RAELTHAINTLS,

=NEDOO> 1V T EMRZRF. = EfiENTO SR SEE

7T NRILAEEFSA OB REE
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F =TV A INEROREMER AT KL, NAT LA 70 EOWFEM IR FE S 7= B2V
BB A, X7 NI E TR S, T OEEN - EGREIZ =T N RY v 2=y N ERBRICT 7 v
KBTI LI O s D, BB - ma RIEOMLEEE LB KR 7 7 VB Ic b vk 5, &
Bl C oD E K 1kPa LU T & BAEIC LT, WEMERARORE, ik, RE&SS2ZRESND, F
k\%ﬁ%W?@w%M%ﬁW®EEﬁ%k&%_\w%MLM%Ew@w%Eé%%%ﬁéﬁékw@
YJ—1@ R R R FHZ L 0 . /M KL ONKAEEVE 2 R U C, FHEVE T 500 kI/L LA E % i 2GR CRRe
T3, &<IT, FEERE 500 KI/L DL EITRFN2ER S AT A E L TCOEMET H7-DIC0E 2 H
EETH D,

WEA D 2 B a—X OMRRR LI XY BEGFAICKHT 2 KT ET NV ERHA L T SRR Y — L%,
SRTETNMCHEET S Z &%%z%hé UL, BEiRo X 91z, WAEMIERKORIER, Hiik, ﬁﬁmé
BRET D L9 BB O IR S . WEISER T MO —ReEE AT 70, BUFEIX ZRTET
JVASOPEBRIEHE 2 TV, [FERIS, KB 72 BEEEE% 0 43 B O TR L il B A KB Bl 2 Xt L ¢, kot
&7 /L' CFD(Computational Fluid Dynamics) & {i& H] L 72 AF7E03 B A TR ST X 723, KEBHEN
DF 4 AN Ea—HZDOEIERRICI ZKOE)—5E O FEREF ., KBTI —RITHED R IRE
O30 & BERE N R R THDOTHY . Ry —L & L T=W%It CFD OIEMIZMATIIRWE E X 5,

5.2 7754 > 2k

KL AT NI L WAORRN /R v v 7 92 5 EEM e &bz, B 8I1TRT X 9 AedEg
L BEEDZERRX v v 7B EMO LT T4 VAL IR TH D, A TEITHEIEAY A FTh
D, B8 DODLEIICTIHOYTERM 2 (FE) I8¢5, A L TOERETHR, 7—Lua—/L
BHEOER N T v 712L->T, B 8 OQD X 5 ITHE L= F 8 2B ORI M £ CiElT 5, B THITE
FEYA R THY, B8 DOD L I ICHEEMITAKAER A WS ST TRERLRE EFIH) s¢5, B L
BTOBRM (B 52T7%. FERFT v 2712k -T, B 8 D@D L 5 ITAKRKEWAE LT-EEW 24k
YA NETHEWT D, 60O ~@OTREZMVIRT LT, A7 74 v OEMRELE KB TEX 5,
AR DFXEF « 2R Y — /I L o T 1 R OF R & BRI 2 ED 5 Z N TE, KV A b TOHFEEE
OEHGTRER, s, B X OIS | 1 HOEKEEER EOBEE S AT AEFHET 52 LR T
x5,

(BEBRFELEY A ) BETEIM M)

AT BT

@ARFER WA LI &M &
BERAREAEY A b E TiER

(# 0 i LFI)

I QLB DBEMT

HER
(&)

@Rzl U7 B 2 B
DRI E Tl
(H7 74 Viik)

b omd| @FBMITKER
WG S I
(FAFIH)

K 8 #7512 sl AT LIZEITHEFAAA— (THME)
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6. BEHYIZ

T TR WMEMEES R T AOEE R R — AR T AR AN E L, FOLEEW N O
HE M IR OBAERATE T N OME B U, ARG - 328y — W ITREMER S AT A O BEFEE O
TIGHIM T OVEREMERFRBR DGR & ILERGE L C 2, ABPEEO N H 1 T TOEBR OWEM L A
T AR HFHBEOPA TSP T AL 2 T =N TOL T T4 BEGER OWEMERS 2T 1%
THBGERR D EIET — Z 1T & > THMEE L T & 72 25260

WEMEAS 2T MITHRa—P 2 X b —3 g U EORAET DR AUREREN L | SHEOR TR
LI - BBEORAER EOABR~FESEDL ZLNAETH S, L AEBEORMNRX Yy v %
WO HEBME LCREASHETED L L B0, A7 T4 VBEES 2T AL LTHUT HIRKDTER - &
TrBERNSRFE RN T FEEN 2 & O IIREFI I o A7 A OHESER & L COTRREBENEETE 5, 4% LA
R BBV —VEIER LT, ARBEMERS AT LAOFBE BT 72, BEOB~ R —V AL Manta
FEhti L TWL TETH D,

# 3%

AR BEO—HE, (EHF) Hro kL 5 — - BT GBI RHH (NEDO) OBk #H ¥ 180°CLL L IKIREE
B D BTSRRI R OV AT ADOBI% ] & EREFEAFHZ B E Li- R 7 LA ZBGE N O 5
JEEBS AT LD ORRF LN bOTH D, BEURKAICEILE L EFET,

[({E1] ~AZ LA (HAS-Clay) ;

M7 TERFERNOERSIND, HEMET VI =0 AT A (HAS : Hydroxyl Aluminum Silicate) & K& s MRS
1 (Clay) 7572 2 E KO B RR IR Td 2 3439, #0 K LOMATERS S < 72 XHEE 40%RH LL 12
THOEEM LV WEBENRZNZ LBRETH D,

(2] FERERZ ;

2015 4F 7 A ~2016 4 3 A2, NEDO HRBSHIE =k V¥ —HINEH T 1 7T b/ A X aX— a VISR 7 = —
R TEFE RN & A2 KIS EAR » h T —2 (AT A by 7)) ORI OBRE¥X%1T>7-, NEDO M H D
B EEITmm B TN & KEE T X v 7 A/, EREBFFELIE (EF) EEEITR AT ch o7, BI&FEx. 2016
4 A~2018 4% 3 A2, NEDO HEBEH)E = R X —HAN 8 7' 2 77 4 AL 7 = — X 180°CLL L OKIRBEEL
T WD BB ROV AT LD DOBINFEEEIT o7, NEDO 26 OBIRSEIL @ BT LMW, Hin 13
M. BREEEMN. KFEET I vz A0, FHERFFELIT DB A& & (EF) EEEITREIEfi ch - 1=,

[¥E3] FEFERRFE ;

2018 4F 7 H~2020 4 2 AT, NEDO BEIEHIE =RV X —HMi 7' a 75 b F5ERR 7 = — X HKERESFIH % B
HIE LIen AT LA EBWM R OEEEERS X7 LD OB E¥E%1T 72, NEDO 76 OBSE I mibEvy T3¢
M, AFEXE, FTEH= T V— = Mr—, LRIFZEIE A B BB EER, RN T, (B EEHMTR A
FIChotz, BFFEEN AT L CEEMER COMEET ot AT 2 FEER & B I B EOPN THER T
I 7 T A BRI TOEIERREIT T,

(4] "R VA 7p L OIBRHATEHE DL TR K

LB D FE S4B 22 AP[KPa]iE FRE D (13)ZhD Ergun DR 3NTRT X 912, FIEEBOLER ¢, WEM ORI ds & Tk
1R¥ W, BEORE o LI u D HER SRS,

4P _ g5 (oo ampuw
— =150 3 ERT + 1.75 T d (13)
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EEEDNR 7 LA REMIMER THDH, T2 TR E L THRBEMHYKZR 4 & PE25 272, &S LA 300mm
DEBR 2 S L= BB T @A D E BRI TS W=, BIRRORE 3)D & 912, 22K OEWMEE I E K
A Z 2720,

[FE5] /INLORBREEE 2919 ;

NI OPERERBREE O A B 9 12, HEONMEAE 10 IR T, ABEB IR, RS, B L OB o
RENTNWD, EHMEILER 100mm, &S 500mm, FRE4COAFE TH L, KITRT IO, ZONEICEEM O
SR (FRMEE - K9S mme) ZFES S LAY 300 mm CHIE L7z, 7235, TAMpBarotfie £ 31, L, i\
B, MEORE T —DRIEHELR 4 E LD TRT,

O b e

Py

|

8438

&

XL o T

{38idsts

i3

50, 80 60,60 60, 60 , 80 50

I in

R T {— T AIVH
W wRE—5 |:|
REE R i

ar7 Ly

o
=

9 HREREEDWA ¥

&3 TUHEAHEE D &4 RBEH, REH, REHORERE
AR = bk fi% Toh— HERSEE TR REDH
EN AN 1 670 L/min, 0.8 MPa 2RI LS RIS TREE. +0.1K 30°C~
ZERL 1 120 L, Max 1.4MPa 0.140.1/50 X (i —30°C) | 80°C~
TANH 3 T T 4 EXD, TR T +1.3 %RH 30°C~50°C
TR —4 6 1kW, 0.2 kW RURHE +1.8%RH 50°C~170°C
P 2 SMF 1 200Ax 414 mmH | 1 BOLRFE +2.8 %RH 70°C~
AR 2 100¢ X 500 mmH 1 BORXR REG! +0.5K -40°C~125°C
iy +3 %RD
X W

1) $aRSERE, KILZFE, SREZEE, )| R AFFESE, RER, SKER, AR, WN—IE, SEEk, )k
AT  {RIRBEENE R FH P RE 2R S M B A T L O EBRIT L DRI 1 ), (LR T2 49 [MI#kZE RS, DALOL,
(2017. 9. 20).

2) KIUFEE, ARER, SfHEE, I EHESE, A¥IESE, RER, $AE =, ARES, Az, BAKH, =F
HePg - ARIRBERA A FI I FTRE R B MBS A 7 N OEERENTIC X 2356 2 3, [{bFLFSE 19 FERFERS,
DA102, (2017.9.20).

3) EAESk, FZAfth, pTHEME, KEE—, BEEME, SEHISE, IFIEST, S8 ESE : EEW A7 LA OH%RE
FEAM, b Lt 49 [EIRKFE RS, EB114, (2017.9.20).

4) HEER, gaRE =, A, TR, REFIESE  FEWOR T BB OREEER, (bF LR 49 BIKERS,
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EB115, (2017.9.20).

5) 4fifEz, MHEER, $ARE=, JFFIER, I RS #ERRC T 2 WEMIRL T RN O XS, & 23 [EIT
Bk - ey IRV YL ML, (2017.12.7-8).

6) AEFIESE, Il BERsE, SREEE, KRILFB, SRR - BN, JIFIEST, A, [WWN—IE, $ARIES, 2
HIR, AFFEE : 100°CLL T OIRIRFERA FI A I RE 22 WS M BB A7 A, @BV TR SEAT |, 31, 25—
30(2017).

7)) KILEE, SARSERE, SfMZEE, I BESE, AEIESE, REER, $AES, SORERR, AfEZ, BARH, LN
—1E, BRI, JIRIEST  RIRERA R AT 2 WEM S X T A OB — RAEM EBWE ORAERENTET L —,
DBV TR SR PR, 31, 31-38(2017).

8) Il BBizm, BIRIERE, JIFIEST, AEBIR, ILA—IE, SAER, @R, S¥ESE  (RREALFIRT 2WEME
B AT AORBE—H 1 H— AT 2O a7 N BB OBRE, Rk 30 FEEZELKHEE TEAEKRES,
(2018.9. 12-14)..

9) SEMEL, I LB, AL, AR, $SAES, RBEE  KEREAEFIHTIWEM BT AT LD —
5 2 0 — WA B O NV & BUEMRETE TV, SRR 30 AR LR IR AR T ks, (2018.9. 12-14)
10) $aARSERE, KILFEE, Aflds, FESFIEME, FBARH, I B, JF BEE A ES  REFEAZF AT %A
MEBRS AT L OB —5H 3 M— FEEROTY - BIF CEBEFMEOHEERER, P 30 TR ZE Il E T e K

%2, (2018.9.12-14).

11) 4Fnidz, NI EESE, SRR, JIFIEST, IWAN—IE, $RIES, AR, 100°CLLT OKIRFEEZF Al 487 5
MER 2T A0S, BT RO T L, BT E5ES, (2018, 12.3-4).

12) g ARRFEAE, I B¥RsE, SRESEE, RBFIESE, RIUZFEE, wREME, 4fEe, JIRIET, IWN—IE, $REsk, 2
B ARIRFEEEZ R AT 2 WEMHE S AT LD~ LIH O LRI T 2 F BRI ORGEABR~, mibEs
TREICATH, 32, 15-24(2018).

13) AT, $ARE =, SARERE, SkMEE, ) REE, AW ERE, AMEZ  KEFEAZFIAT 2 REMERS AT
LD~ WA OWMPERE, (LF TS 84 4Fx, F302, (2019).

14) Il EBEZE, SRMERE, $RERE, PHHE, SBEE, KLUZEE, @R, UWN—E, Affiz, ks, &
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ABSTRACT

We developed an open-cycle type adsorbent thermal storage system that can utilize low-
temperature waste heat. We investigated experimentally the charging and discharging
characteristics of the packed bed of adsorbent in a thermal storage tank. We also conducted
demonstration tests of a stationary heat storage system and an off-line heat transport
system. Furthermore, the results of the charging and discharging operation in the small-
sized test equipment were used to develop a calculation model for an adsorption thermal
storage tank, and the design tool was completed based on verification of data from the
charging and discharging operation at the demonstration facilities. In this paper, the
numerical analysis model, adsorption isotherms and heat of adsorption for various
adsorbents, calculation examples of the numerical analysis model, and design tools are
described. We hope to contribute to the reduction of carbon dioxide emissions, which is an
urgent issue, by promoting the use of waste and unused heat through thermal
management using these design tools for adsorption thermal storage systems.
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Thermal Mining of Water on Lunar Regolith

Part 1 - Thermal Aalysis of Regolith and Examination of Lunar
Water Mining Method
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GERVIREE) B LZEROBRER 26.2x103 W/m/K (@300 K, 0.1 MPa) 20 1/4 FLE S IZIZMEACH D, Z D=,
IEWEPHO At L3 ) A BYRETTCIEVT 2 Z L i3 LW e B 2 bbb, 22 CTHEL I 228038 X N
50 LT, LY ANITKRAERRER, BV IT A E CKEMRIC L AEARERKECMER EDOT A EALT
PEBR S, RTEBMEESCKARR OERGE - BEEOWEUC L W BT 2 FikE2E 2=, AEmL IV A%, BELIY 20
NS BDL Y A NVOIE NG ZEREN 04 REOLILBEREEZ ONDToDH, VA NV OZERICKRARE im S
HLZENTEDZLETFHLTNS, LaL, AL ITY ZDONREHITEBNTS VA VLS DZERITEZETH L1, K
REFEALTHILH - AT D E TRIEND, LI ANEICKEZ il - RS E 57201003, [EEZHELIAD S
BRI EVIY AN T DLER DD, LI Y ANICREZHCIAD LB E LT, LFO LS 2 ETKD
Bz LY ZANIMERT 222 2B TV D,

42 KOEDER S

B9 ICAmEL T U ANIIOKDBEZERN T 5 FiEERT, LA U AMKREO HLRERWVAEE TRNY L TRE
BT, BlZIFERE —% — 2 ROPO L I Y RBEERIH LA EMEEIC L VI 5, b — X —(CHEfihd 250 &
FUICUTHRWEIFAD L =) AR OKIIIIBAS LA LKA D LB bIVD, FAELTKERIT, kAT
PMEVEIRAL, T72bbe—% =20l Fricmd»r-> TEBEIT 5139 Th b, b —F—0 o frEoL 3
AHBERRN 2D, AREKITKIED Y A VEEIZHER L, VA VR OZERN THOEHE - BET 552015,
ZOTRERUBAEITar T MEURFZOERTAHALNIZ Y, ZOEBRFBRICIIUT, MR vingshsr =
U AR B 1~1.5 cm OFPHOKITHIE L Tl L7z @R8insd, ZOEEO TIIoKL X (ice lense) & FEIEiL
LZHHOKEFEERLY BEVKY v T RBTHY, MRBOKALKNPBE L TR - BEL-E:E2x5h5, anF
REEILRFEOFERR L REIZ, LIV ANHEER e — ¥ — 2+ TNET 52 LT, ERe—FFEmnr b LEE
ALK Y » FRERERTE D EEZX TS, B, ZOEOPIEKRZAROUEIT X 2 EafE « HEE X il
BIEEIZEVINBT 22 L TKY v FRBOXEMEZ D, WHICKEEZEOE S 2 L BARAOKDORBEZFRTE 5 &
THELTND,

. KES
. E—4%-twh A ) (ﬁﬁ) . - ﬁﬂiE
®e° ': : .‘ Z. .- : °
LA @Y i ey T
© RIS @ b—AH-EByNEA @ b—45—-Eyhonz

9 AELITIYRNEBDKER A EDBH
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43 MY —TIRAZUTEBDOHE

ALY ARNEROKERELZAT 9 R —~ b~ A =2 JEBEOMEA B 10 (ORI, BB O FETHER L L 2V
AN DKEED FLERICHEIR TR Z LV IATEA ) AV L ERRRZ RS D ) A vE 2% LA THERT 5,

Hili L T Y ARNIKOBEIZH E 7222/ ERTITZ2Wns LLRWAS, 2 2 TIIOKEREMESR) B TEIUL, K
BRINT & oK ERMER O ELZS{RIR D Z2 M0 H YT 0 B L CKBRIUNEZIZ TE A DO TIIE PR LTS, KERNH D Y A v
MOZERE (A MK LTS LI W) RIEHREIE T2 T2 & ¢ VB EDHZOBILEIC X 6T, sHtEMvs
BICLDBEENATREL 720 ( XV EHPFHO L Y AERGITIMEATE 5 B2 T D, BB IR T 28k E LTI,
KRIERRER, HWITHHEKER TELSIZATARRRKBLCBRR EDOTEREEZEZTVDIN, WTILOT A HXES] -
BEEOHAIFEZARTH Y, BUREOMENMET 570, TEDIRETRE - BEETHIRREEMIAL L
W, VA LSRR Dp = 30 mm Td D1 TRt g O L FUE R A fafi k&K lim 2356, 263K (-10°C) LA ko
FAFIAKIE CTHIUL Y X—E - HuF 11000 LLFTH Y | #fiik & L TEMEN iR ThH L EX LD X, 263K I
BT DEFIKARLEIL 290 Pa TH VD | EZEDKEROIE & NEEBE T 2 KBEX Z ONEIZ L > THENRWMER H
Do KDOBDIREEN B 2T 290 Pa DEIFIKZAKULIZiT 2 5 KEEDE X135 mm FRE R ME L E 2 T 5,

LY ANICRE LTOKEENTERLC & otk IKERNEROKERIZAT 5 A, IKERPIICKZER Tl e < BB AR (8
FHARKBMTERTE DMHBLRELE) 2BREED L E2EX TS, B 10 OKMAIMEG CTHIRR A Z N
B CHRIARRRE L EO %, A AEN L TL Y ANOKERNERICEY AT, FLMRARITOKERPES % 155
L., KEROWEOKEREZRR T D EEZOND, ZOWE LZEEEDORAEEIE 7 XL &0 U TR EERiRZ
DiAte, KOEMEERONHCIKIE 27 ML D [RIKFOKRS BRI SN D Z & T, LI U ANOKEERBNICE
DAL ATH D,

IR X HIKERNED L Y A5+ IR EIR D AL L 3 ANFE LR C, KEkz k& LTLra
U AP CAKEERATRE R &I 2 k45 L o flild %, ZoFiEE LTIE, KERNOKRK ZafRES LINBWL 72K
BEERT D BHEmEHHE PRI EZRVAZR) 2 & TOKERONMZMET 5, KEROPII S EREIZ L
T OKERD B RN FIRT Do KERDESM R A OWRE D FHER L Al 2 7R C, RN OKITKZER L 72 0 Ml
(2> CREY, LU ZHIALN CHEBME L. fERKERY A XOIERPATREL B X T\ D (FIHI OKEEE K & [k
AHZRLR), Z DL HNOKERNBIDO KB Y IAR EOKER A ROPEREHEVIRT Z & THE FOILWEFHO LT Y 2
DKRFERMFREL BEX TS, ZOFETHEL T Y ZAHFOKERAFRTHEL, LTV ZFOKEHE 4 wt%
L LA, B 1m OKERONERD 1% 35~40 kg FEE DK DIRBMNFHETH D L FRIL TV S,

a 3 h

st | T Tt | s
—
/L | ( N E:{ p ) "
. ‘ Sk — ) 7
AR nnghs o s
( )
f D<]I —
. 4 - BAES
=\ 1 =
5 ek HA(E=E
HELIUZ K

X 10 Y —< I/ T HBOIBE
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5. AELIYRANDIERGE

AIEOH LN —~/b~ A = 7 HiEE, BEZEL ) ZEZBRBEO I LD MAT 20 TidZ <, SiBVREK
AR DEEE « BEE OB LY RIS L5 2 L E2/BET D, 22T FHY—~ A~ A = T HEDHRD
R LEHD D, ETIREZEL Y ANOGEEENT 247\, VTR L L CAYEE ORI X O B L2354 &%
BMRE, KOVKZAEK O - BEE OWBEBEHIC L 0 INEA L7256 0 AR e A bk L7,

51 5H&EAHE
AL I ARDGEEGEEZITOICHIZ>TL Y ZARNOREZE 11 DX 5 ITHE LT, LI Y RIRERD Y A

IWVRLF-DFEIENE & B 2 DNSHER L Zle Ui, BMEEOHZDEAGHHIZIB N TIZ Y A VR OZERITEZE L E 2 72,
F TR BMR R /K TR R D EEHE - BEEE A FHR T D 5813 Y A L D 22 & KR OKZRED 3B 2 L RGE L7z,

Bz, XA Y1) (Soil)

N

X1 LIFYRDOHEETIL

() FELIYRANORGEE

LA ANOBMREIC L2 BEBEOF L, UTORNORFE L, LAY ANOZERR LB BE, 2
{RIER EOBWINEITHANC & 59— LARE L7,

0Tspi Ty, 02Ty
Preg(1—&)CPreg astm = Kpeg(1 - 5)( axszol + ayszm) +Q e

T, TeoilZ VA NVOIREK] pregld b T U AD S [kg/M3]. Cpreg (T ELE[IKG/K]. Kreg ITEMAEEWIM/K] T
Do preg X kieg IZFER Y A NVOEE L BYREFRTIIRL, BIRY ANV E YV ANMOEREES LI LT AO0NEHE
ELBMRERTHDL, R2IHEL I AOBMMEMOEIL FEE R, LIV AIHEOENC LD EI FHFMITH
SEENKREL 785 B, KGHEIZBOTEEIZOSmAHE DRSS DL I Y ZEHETE L preg= 1,800 kg/m® (const.) & L 7=,
L 3 AW, RERICHE L CIRREKRFEOMEZ A=,

Fiz, KL)D QL TV ANDZERITIEL B DIHEITY A N ERERTRZTHHETHY . L FOX»H3HE
L7,

Q = h'a'(TSOi - T) . (2)

Z ZThidiitk & Y A N ORBMRIEREIWIMAK], a i3tk & Y A Lot ATm?], TITEIEREK]TH
%o BMoERECOEMIANIT L 2 ) X 2R e & AOE L7220 ERA T LW E R LT, Y A VRO ZERR
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DEZEOZEITR L DBORLY D 1372029 Q=0 & L7,

%2 ZRFETRAWN-AELT RO EHEE

Y4fE i) BAfi] & 5Z
i Preg kg/m? 1,800 Deep layer density 2329
i) Cpreg J/kg/K Co+CiT+CoT2+C3T3+T4T* Sk 34D
Co Jkg/K -23.173 "
[E——— C Jkg/K? 2.127 "
"““‘*y Tl | Jkg/K? 0.01501 "
= Cs | Jkgik® -7.3699x10° p
Cs | Jkg/K® 9.6552x10° "
B reg WIM/K | ks+(Ka-Ks)Dreg(1+X(T/350)3)/(0a-ps) SR 240
Mg ks W/m/K 0.0006 loose surfical soil %
kd W/m/K 0.007 dense soil %
| P Ka/m3 1,300 loose surfical soil 2529
HnERETE g i123,25
N pd kg/m?3 1,800 dense soil 2% 25)
(CEEFUIE X 27 Radiative conductivity parameter 23 25)

(b) LOVRHNDFREMEZEDE

L =Y ZANDOZERICHR Z il S H 758 OXRAMRIER RIC 1T 2 “RotiiiuI AL T o i L §H5E Lz 2

30)
o

Bu_l_ dv 0

dx  dy - (3)
6u+6u2+6uv_F 6p+ 1 62u+62u

at  dx Ay % 9x Re\dx? ay? - 4
6v+6uv+6v2_F 6p+ 1 azu+azu

at " 9x Ay 7 dy Re\dx? ' ay? - )

Z 2T, U vikximy FrRoRsEO KT bR, p 1EN oKL, RelXL A S AV AETH D, Fx. Fyldx
fihds L Oy ®hFm O BATE &4 72 0 Il < R O |USTALETH D, LT ) ANOFN ISR T T EE O 2 LB RN
O EAE LG, IRICEI< 71 Fx, Fy 3 BN ERNDIENBEEEBZ N5, ZHLEERNTAOEIE
e AP IZLLF D Ergun DA HEFE L7230,

po 150uLue (1 — €)? N 1.75Lp(ue)? (1 — &)
Dy’ &3 D, &3 - ®)

Z 2 C, Dp i Y A VOB IR E R [M] LRI IR ORGSR S [Pa s]. L XTI OB BIEEEIM]. u (XA [m/s] (U
W) Thod, @) EXG)D Fx, Fy 362 LY X,y FIAIOFEE u, v 2> 5 FE IR K % 3R b Mk T O IRFE S 1 Ha R
L7,

TR LY A V& DBDRZ 2 BB L UL TR LV ERE L,

or, or. or _ 1 (9T 0T
at T %%x " "3y T RePr\ax? ' 9y? Q -
BEAE A ) = g v 4 —3 No.35 2021.
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ZITPrEIT T MV QIFR@IC L YRR LT Y A L L IRIKR OXHRBMRIEIC K 2 I5BETH D,
(c) LI AR DEEHE - BE RIGEF IR EHE

LAY ZARND Y A VR & FAFKZR RS i D 56 OREE « BEE SR 20 O 3 iAVRZOFRIZE L Tid, KX
DT RLF—E BIAEDFF O RLF—TH KKK OFIUS L > THEITND LB X, U TFOHRAE RN,

dE oF 0E

§+ua+v@=03x

- (8)

LAY AE Y A NI EREZFFOZAERTH Y . BFIKEKNERZERT 2 LRE L, ffTfERo A0 of
FIKARSUL 100% KA TH W | BEFERL (2,442 kilkg) & BEEEL (334 kIlkg) DAEFE 2,776 kilkg DIEBAE A Fi> L UE L
2o LAY ANDOZERNZ @B T D06V, VA L EKRFRKE TR BRI THhIKRKRIRO BT XL X —E 8
WA L, ERE R & 7220 e R TRZERUT T TR - BEE LKICR D & B AT, RV ANDKERINOZIT DT
FNF—Qex (TETY A NVOWEE FFITHEEIND LRE LTz, KELZNS Y ANVREIEENT 5 E QulILL FOX
MHFER L,

Qex = Q1 +Q; - 9)

I T QIIKEROBERBH R, QIIKELINKERIEOEBABHZETH D, Qi QIIUTORNLFHEALE

32)
o

Q= afA(Tvapor — Tice) -+ (10)

Q= W(Evapor - Eice) (1)
(xf&iV%llfiéﬁ@?Mﬁé%[W/m/m/K]\ A L:t74/vi%ﬁ$§[m2]\ Tvapor 5i7k?.i:/§\{n?1fg[l(]\ Tice li7k@?‘%ﬁ(ﬂ?1f§[l(]\ W

VEHNZRERRT KRS (BEME - BERE) %[kg/s]\ Evapor. Eice IEENENKRER L %k@@ﬁi*ﬂ/ﬂ?*[ﬂkg]f“&b %, BATLIRFRH
DIKFEREIFLL T ORNSFE LTz 9,

w = kA(Xvu'pm - Xice) e (12)

K (X E R EE[m/S]. Xvapors Xice IZE N ENKFRKIREE IR 1T D ffI/k R R Bilkg/m®] & ¥ 1 VRS IZ R 1T 5 Aafn
KRR EKGM] T D, WEBIHE KITEEHOMAKAROBEZCL2MEBH TH Y | T O e
JENEB LB Z HND DD 0 CREEOFIAKAKOEE (410 mis) &R iz, EREAGFHEICENTUL, YAV
RHE~FOMNBIC L BZEMEOLE L, KT LD YA NOBBERDOILITER L THE LT,

(d) LOVRREESHEETIL

EROFEIECEY . ALY 2% YA VOBMBEOHR TN LIS E. Y A VRO ZERITKAK 2 @i S
FHRBMREIC K VI L 76 BIDKRAK OB « BEEIC K DS L VAL 72 HE6 0 L3 U ANOIRHGHE 2

EYENE A ) _R— g vk Z— No.35 2021.

109



1To7z, B2 I285EMBASFROFHFET NV ERT, SHRRMEE (KFT@) L EEfE - BEEE ((PO) 12X LIS
BLTIE, VIV REZZHBEREREL, YA NVHOZERICE AR L L OKKREZRESE - iS5 LTIy R
EMATAZ L E2EZT, HEHLVIY ANIZEZETHH7-0, HOACKITEM & UTHEAEET, IREIMEWSGA L
B CK) & LT, BENEWESITEAER @FIKKRR) ELTHFETDIEEZLND, MRIARKEKOERLE RS
REEAERETHY ., 170~200K LB X LI TWD D, FLMAKEKJTHLH5E D FHEREISEWVKIEOSGA 1X
BIE - BEEORELRAETHY . HFREHTHIBT R X —ZHETE RN EEZLND, —fRANCRIE Z HEHA
LLTHYI ZENTEFEZ A F—7 ZFEBRADBKY SEODIT T X—F 851 L0+ WKERH BT 26
FAFIARFRRDIRE L7 X —F 2 $<0.001 TH 5 263K (-10°C) FHT & RE LTz,

HIERE

HNZEATE
Th IK] 400mm kES i
T, [K] IKER
Th [K]
@ BMsEBOH @ MTREMZE Q) HHiE - R EEERE
H 12 LIYRARDEREHEETIL
52 SHEER

BEMAF KDL Y 2O FRIRIER LLEE - FHT 27200 E LT, FRBERENLTTY/ (TeT)ZHH L, 22
T, ThlZMBRORE TH W BVYEE O TIMBE QRS  * & B - BB OFE TIIAKRKOMARE, Tk
VAU ZAOWERE, TIEd2RBFMEZO L ITY 20RE GHEMBER) Tho, (T-Ty/ (ThT)DfED LITEWIEE
INEEIEEE I KBS HREETH D . 01T WVEAITIZE A EMAAES NARVIREETH 5,

FMBGRIZE DL TV ZOFIRRIER i 5720, B OKEKEAR) 25 O D=10, 20, 50 mm (233
175 150 sec IO FIRIREEZ R 13 (@)~ 7 m v Lz, LI U RZEYZEO L TIENL 72856, INER 2> H UL
D=10 mm [ZEBWTiE, B & iz v 3 U ARFIET 2 03 IZAE 2> D=50 mm & BN 720 IS BV TIEFER L7y,
RRBIRE DL A IIKATMAE DD OMEIC L ST, FMEOL ) AXFE - EOMEE THIR Lz, BEfE - B
BB LTS EICE L CiE, D=10~50 mm OWFHDOALEIZB VT, L= U A OMREEITIEF (28 R Tk A&
KOFNBE L IFFEMEIT2 0 . SHEBVRESLEVEE L X 2 MEJTEIC N TERRTL Y ARFR Lz, Bl
DH-DMEDEE . 150 sec i & FIFHTIZ 20 mm LIN DU BERE T HAVUIMNEA T E 523, 50 mm Ll & ghEfE A EE
NIALEIINATE RN EEZ BN D, REVREIZE L Tid, 50 mm DINOHEFA THIUTIZIEH —IcL TV 2 &0
ENCx D, FEENE - BEELUS 2 E D BMBEEEICB W T, VA ~O KRR O LR - BRE O K X 72 EE (2,776
kilkg) 12XV IEEITHEOEER (Lsec LAIN) THRHIBTE 32 L¥bhotz,

L3 U R EEMRE OB TIENL 72356 OINEAT > ©H O BRRE & FERIC XA FIRREZ 5 72 INZEGR4AA> & 60 min
MOF R RBIT 2 FBRED T n 7 7 A L ERI14 1271 v b Uiz, KiRGE & 3TinBms & 120~130 mm LI
OHFHFATHILL TV AFFIE L T A3, 60 min £l LT % D=100 mm OALE D L = U 2RO FIRRAEIT 0.1 K<
HY | FIREEITEV, EER S O MEE D=130 mm LI EOAE T 60 min R L THIFEAEHIRE LRV
Nbhhole, ThOOHEMENS, AL TV AORWFEIFEZEMREOL TNET 5 Z L i38# L < shiEYRESe
B - BEERUG 2 R O MBI X AN KIE L EX DD,
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(T-T)) / (T-T))

1
0.8 o Bmis 08 o EEE 08t o Bl
06 ARAEE | B e | ﬁ SHREMTE
' * e 51 e’ K- 5EE e ~ B 51
0.4 0.4 =04
oo ® ¢ & &

0.2 Lo 02 0.2
o Loattte oo | o leessssasieseest - o0

0 50 100 150 0 50 100 150 0 50 100 150

Time [s] Time [s] Time [s]
(@) D=10 mm (b) D=20 mm (c) D=50mm

13 BMEICHETHMBFEICFHREELDLEE

. ~Omin —~10min
08 f 20min - 30min
I I ~40min ~50min
50'6 A ~60min
Q04I_;
£ IR
02 F 11N
g N
0 Leteaidoiinii reesbeseiessivosbrosiessboseiessbosedoned
0 100 200 300 400
D [mm]

H 14 BEEMBICESEMBEOLITVARERREOHERER

VA VR R O 28R 2 faFI /K RGN I L, Y A VR CRIRE DG « BEE L7250 L 23U 2A0FEOMT &
PR L7z, VA VRIOZEREN 0.4, VA VRN 10~30 mm OFEOFFERZE 15 1277,

AHFIZB T EZE L T Y ANOKERDTRAUIKERORIEZEIC X5 ffAEKIEEIC L > TET DL EE X T,
B2, ERA O KZERIRIED 273 K (0°C) . (RIRMHI O KZAEKIREAD 173 K (-100°C) DA, KAEK O FALITAFIK
HKEATEZE61LPa TH Y, KERKIBIZIZDOENEZCL > TET S, ZOENEICL ST, KELAN VA NVHEIOLILEE
T AL, BRI 0.4, VA VRIER 10~30 mm DA, £ 32~85mis (ZEESHEEE) Th O, AKREKITIEFICHE
VMRERE] (0.3 sec RiT%) TZLALEW 1m OB @R T 5, —F . RREPNRKEWFREBICB W UIEJRINE W
OHEIIREL 0D, ZZCTREATIE, LI U ZAOMHTET/AOAD & H OITKREKIREIZFE Y 3 2 fafzA 5T 2 5%
ELTTPOLITY ANOKERFGEE KD, ZOKEBEKIRHFEICIIT 5 LY ANOERE « BEE %t 5 G R 21T -
77

B 15 077 7 TEWTHOREY A XIZBWTH, KEKAN NS OFEHED 2% 80~300 mm LA OFiFE CiE#fE D
WXL C L U ZAFIRIRENERPICIER T 28R R o7, Z O (EREEHE & FES) 1 ZKFRRS L TY AN
TR Z BIAT 2 MBIV T A L7oKZER N T CHEff - B LK LT 25 THY . YA LVOIR
ERRAT DKERORE L LE L RDET, KERKOEATRALX—IL /A VOFRITEDNS, VA VRIENK
TVEEEBRFANIA AR BEHR E LT, YA VEOZERE BB T A KEROEE N RN ENRFETF L5, KEX
DRI NS WIFE . Y A VB OZERICKIERNE £ DR SR 20, BeVOHPE TR - BENETT5E525
N5, EBEFETY A LOBENKEROTNRE LS LL 72D L AARKOEBAT X LX T TRICHEBBS S,
BRI O FRICE W T Y A MIKRBER OB RV X —12 L > TMEVE L, Y A VDB FIET 2 HBHIL FRticm-
TIKRTDHEEZOND, ARIOFHEKERTIZ, WO Y A VKIZIZEWT S D=800 mm ONLE OIRE I 0.3 sec
TAREKOWANRE LIZIEFRIRE THIBE L TR Y | KEKOEE - BEBEEEIC L 0 INEVT 2 2 & TL Y AWEiHo L
Y A EIEFIE ORI TR TE 5 Z L Bhbho Tz,

EYENE A ) _R— g vk Z— No.35 2021.

111



0.02sec —0.04sec —0.06sec — 0.08sec —0.10sec 0.02sec —0.04sec —0.06sec — 0.08sec —0.10sec 0.02sec —0.04sec —0.06sec — 0.08sec —0.10sec

0.12sec —0.14sec —0.16sec —0.18sec —0.20sec 0.12sec —0.14sec —0.16sec —0.18sec —0.20sec 0.12sec —0.14sec —0.16sec —0.18sec —0.20sec
—0.22sec —0.2dsec — 0.26sec — 0.28sec ~ 0.30sec —0.22sec —0.24sec - 0.26sec — 0.28sec ~ 0.30sec —0.22sec —0.24sec — 0.26sec — 0.28sec ~ 0.30sec
1 < 1 1 =
\ \\ \ —
08 \ ISR _08 _08
£ \ RERE E £
£06 \ \ ‘\".‘ e £06 £06
=04 \ L g4 04
& VAL £ &
0.2 \ \\ \ k 0.2 0.2
\ \
~ - -
0 SSANANNNN 0 ANS \ 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
D [mm] D [mm] D [mm]
(a) VAILHIAZ 10 mm (ZEIEEEE 32 mis) (b) YA JLAUE 20 mm (ZEIEEEE 63 m's) (c) YAILAIHE 30 mm (Z=IEEE 85 m/s)

15 KFEKDFHE- REBEREMKLI-HEICKSLITYRARERE

AEIOFFEICBNTIE, VA NVRESFEOMNEIT L D ZERBOZEALRLKIE L2 Y A NFiEOBYREDZAIT L
L CEHRZIT o7, EERIC Y A VENCEFIK AR E il S TG EG. VA AVREIKERIDIKS - EF/TLH2LTY
A NFRE~OPMREIIOKE 2 LA L 720 | BT OBMRIEREN R LY A VOFRITRSCNTR D LEZ LN
Do ETZYANVEKEIKA « EFRT DKORIINFHE & HITIEINST 2D T, VA VR DOZERH D b THEHEGLAE
ML, R TEENAESIKELDTN R 2D L bBAbND, 5%, THLOOBHZLMK LR L Y A
NORBGH R IEEZ G LTS,

6. F&H

WVVER, AROKEREZRET 52 &2 BMIC, AR TOKDOIREEZ FET S E L bictoh TRt shTn
2 A HAKEFOFRITEIZ DN THEE LTz, FZAMOEZE L 2 ) ANOBMRECTHRAMAE, Bl - BEEEEZ N
Bk UIAREGHE 21T, LU ZAE2hER BT 5 HIEICOWTHRA Lz, B, KEROFRICE K DB E 0
FWEHT, LAY REZOEHTMEAL TABRITE S —~/b~A = ZHFICER L, YHE 0B LWTFiEEE
Bl BonMIILLTOm®Y,

O FEEOAPEHESCH EL—F =008 L Y AEIZIZZEOKRNEFET DI ERHLNITR>TET,
BRI H 72 570 H ORI H 5 7 L— 2 —NIZEL DB B E EEZ LN TN,

@ HEL IV ANLKEGELZFET S S LT, # L & BRI B2 > CHMAICERIR T 2 55, AmL =
U 2% KGR ST Z 0 BEENEAL TOKERD T T—~i~vA =27 HFREZ L TWD,

@ HmELITU AEEBOIIY RS2 EOFRETHOT, L2 ) RZEERE ML TOKRRZIT S —~v <A
=7, B AT A RO, MELRFEETHY . L OEREBBH ST LLEN LN ZH, TR
MERCEHENE, fR5FEE T ET& 5,

@ V=~ =T ORENRFEE LT, KEREFIA L CARmRZMAT 2 HEREZEZ L TWD, L
L, AREZMA L CTRREAOKZHRMTETH, EREAO L IV ANEHELIEGEG, BMREENIERFIT/NS
72Dz, WEHHDOL Y AENEEAEMEATERL 0D, DD, WNMIBOKERRT S Z ENT
=RANAN

® JRKWEHOHAmL Y AEZBYREL T TG Z 3L s, AmL ) ANOZERISKER, X
A CKREMIC X0 FEATRE R KR EPIEE R E DN AEEAN L TRER S, BV KRR D uEH - &
BOWENZ LY LT Y ZAEMET 5 FIEIZOWTIHRF LTz, LI Y ARNICHAZFEALLE ZIZEZELIY R
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ABSTRACT

It 1s anticipated that humans will colonize planetary bodies including the Moon.
Thus, a new economic system that integrates the Moon and the Earth will likely be
developed in the near future. We have signed a corporate partner contract with ispace
Co., Ltd. Our aim is to generate hydrogen and oxygen from water that might be present
under the lunar surface, for the first time, using the water electrolyzer in the
“HAKUTO-R” private lunar exploration program promoted by ispace. Recent
observations have increased the possibility that water is present in the lunar regolith. If
80, it may be possible to use this water for water electrolysis on the lunar surface in the
future. Anticipating this, we have commenced the development of a novel "thermal
mining" technology that collects water directly from regolith.

Details including the location, amount, and range of water within the lunar surface
have not been clarified fully. The next step required before lunar water mining can
become possible is a geological survey in areas where the presence of water is promising.
In this study, we went through those steps and then predicted the state of lunar water
while considering actual lunar water mining. We also considered the method being
studied globally to mine lunar water and focused on thermal mining technology that can
heat the regolith at a particular spot and collect water without the need for heavy
machinery. We then devised a unique new method for the latter, in connection with
which we calculated heat transfer by considering heat conduction, convection, and the
latent heat of condensation and solidification in the vacuum regolith and examined how

to efficiently heat the lunar regolith.
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ABSTRACT

In the 1970s, trials of a centralized supervisory control system using a minicomputer
began, primarily in large-scale buildings. Moreover, a building and energy management
system (BEMS) was introduced. Thereafter, its performance evaluation and energy saving
effect have been quantified owing to the standardization of technology by the academic
society, application of performance verification (commissioning), and introduction and
dissemination by subsidized projects; awareness of effects of introducing BEMS has
increased. Now, half a century later, it has been applied practically to equipment
management in several buildings. The transition of BEMS during this period and the
efforts made by the Society of Heating, Air-Conditioning and Sanitary Engineers of Japan
are summarized with the aid of past literature. Furthermore, the prospective path to
carbon neutrality, using the developed technology in Takasago Thermal Engineering, is

outlined.
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Countermeasures Against COVID-19

with Respect to the Air Conditioning System

Hiroshi Gomi
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NROER 77 VIUREORE., KFEEZHISRWRETHY | R HIRTROIEERITIREEE 7 &2 BR N CRARRIICZE
RN > THIRTE 2 b OTIEFRY,

B.=7 1 Y /UEYME, 5 u mBRELL R D U A VA & GT RN BRI RIS D & O & PP CBGA . B
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FAL TS 2, FMATHEOR R, #akas & LT 056~0.77 [mh(—Ad 7= » O E 2.70—3.74m3h) EAVRNE & A Ui
ASNTELT, FHFMKIC K DHIRDB 72 SN TWVed o722 EPMERBYSRAEDRR L E 2 LT\ D 3, [ENTIX 2020
3 H 9 BT BB OB = 1)y A )V ABYSERIREMFE SR Lie Bl o m o A )V ARYSERI RO HfR) 9C
LYY 27 OF 320 [ BT DIEONTE2 LTRY, ZO— DU C= 7 v/ Vg s Sk Lz [
RO NERAZER]| 2207 C0 D, &6I220204E3 H 30 AL, [—AH 720 DU BT B A 7= 721 CRYL T FEIC T
TEDHEWVH L ETH LN TND DT TIIRW EREE LD b, FE/VEENAICEIT 2 25 BRROTRI 3
HEAETH A LTI ISR R (—AHTZ 0 iR 30m3) Ao 2 &ic/e b, RSN [ZEE TE b v
EZLND) LORMOEIRLIE,

CHHEGL B L ik, R L 2RO FERNHTE A CWE SR & BB DE LTRORE T A LA
@ RNATFLEDIEBN IR S D DSEG Mz F o 7 A LV AITD S IR SR Z LD, FRSRIE TN e %25
ATWB D, Ffz, 2020 4F 3 AITHER I Neeltie HIZ LA HP a1 F 7 A )V ADOEFHIRNC B 284 725 9Tk, A7
VUVARMMT2 B, FTAF I ERMT3 ARG VA NVREGI MM EHERFT 5 & U, Bl rTReER &5 2 & OFEfFIT &
SN CERD, RBRRENIEBIRNICEIRE CH D Z B SILTND 0, FEDNZZDMD 7 A NV AOEFHIIZ B 5
XITH, JRE 10 O 5~6 A —H—D U A VA LB FEMBIZRE AT L, B LUV 10 O 1~2 72 H IR A 417
WM E LTRETT BEE 5728, AFEHRIZETDIBRE L TWDEEZAEH D, ZNHLDOHIETEORYM:, FHZSERE
DHRETOTA VAR AEFE L TODHONNIE L UIRRENTW D O, 72720, B0 U 27 3V NE0hb L
ST, EICFHRNCFRONTE. BB EE LT EEORBEEEZ 1D 2RIUTITZAR, 72577 COVID-19 128\ T
IR L ZANRZLNDT, URAZIRBOZTRT b b _R&ELE2 L9,

3. ZEERICHITHNE

ZERNIST B U A VAR BANCIE, KAl 5 & OFfEIMKEMNHRITIE Y A VAR AL LRV OFRIERIC L D 7 A
NVAREAR T, @MEERR TOTT 7 4 W Z REINEIRANC L2 VANV ARREB O R 5, 7286, IRIBEEIT L 2Bk
[ZBILTIE, COVID-19 (2RI LTI H47a il Hav gy W, JEASBrE o [ASHTIIT D RO VEPAZEH])
ZYEET D T2DOBKRDIHE] PITBNTH, FERERIREE~ O BEIC AN T 18 CLULE, RHA0%LL E2HESE L Tk
D, FFIZ COVID-19 2R3 257 —ZIZHS< b D TIE/2 LV, ASHRAE(American Society of Heating, Refrigerating and
Air-Conditioning Engineers: 7 A U I BEFEMRZER). ZEXGHN « fiA: T2225(SHASE: The Society of Heating, Air-conditioning and
Sanitary Engineers of Japan ) T%, MERZRRIEEIS LOMERD VA N AIZBIT 57 —2 2 ZE LT, IRE 18~28" C, tHxHRE
40~60%ZHELE LTl h W, EV/VZEIZISU N TRACHL LU MRIREERITE Tl37evy, L7eds»> T ZERICRIT o e LT, L
FLOONHEARATHY ., P TUREOMRTEROM LA D Z LMK L 2 U A LA TBY AT & L TEZITH 5,

RO R AT D 7o OISR LRI ) A 7 ORARNBNRE IS5 Z LITEHETH D, T2 T, EMERET V&
T LT RIS KD U A NV AIGYLHREC DWW TR 2,

31 RREREFRETTIL
FENIZ T A NVADFER(—IRBYE) DMTET DA, K& LB Y 27 ORRE T H DOIZ Wells-Riley BLiE=RET
NRBY . R TESND,
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b, YR NN T, — RSB R, quanta ZERR(IR), PP RSB IREEITARAT), W ERFHICIERE] L, s
BT 5,

32 quanta £ RER(IZDLNT
quanta AR, quanta fif) & 1. BEZR B A L ADFAERTITAR< T, QIR YR P ICEH A HEIEC, 1guanta
1T TEEZERICBWCESEE O 1€, 37005 63% 0N YT ARGt 7 A NV ADIER] EEBEIND D,

Pi=1—e"" (2)

Buonanno B, FEAEFT DORER(LER, ), 56, HESORRENECS BT OWPRE(ZE5, FE, B OGEE, L ES)
DOEMEEZ T, BT ANEIEIZE T guanta iz k729, ZNEHELMNDO LA T OKEAD Yy ML—TOE
B DSORGB L T4 2 RRRE LTV 5, REHVA(Federation of European Heating Ventilation and Air Conditioning
Associations: Bk N2 a2 #23) 1%, Buonanno & DO~@ DA FEBN/F2% T quanta 4 B ST LT, SR, S5,
VAR U TOREEDRFHATIN T DY) 2 7 5O 72 OIZARE T~ & quanta fEA#2%E L T\ 5,2 1 1Z Buonanno
& REHVA @ quanta fiiZ759 19, REHVA O quanta ZEEEIL, SRR R EOSFENMEITTEICIIRE | BEESCHB R L
DOEFEDVIRTEN TV NS IR oCND, ZDE X EISATHUIRE 2 O TERRILUIIE U7 quanta fESCIEEGL U A 7 DMEE ATHE
Thd, BlziE, MEE R &SRR S A S L OO T quanta 1% 5.0 LIT T, E/2HERR b 3 BESRE RO T
JEYe Y AT TR NS0,

% 1 Buonanno & REHVA M#EFE 33 quanta fi& '©

Buonanno & @ quanta fE&
©) @) ® @
AAETh R RE BRIEE R HEE
1 PR T e 1 P
90 /X—F L A JUHE 31 42 270 21
REHVA (Z & % quanta A2 EfE(h?)
EiE FHT ik LARTY | vavers AR—Y
5.0 5.0 187 14.8 10.9 21.0
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0.052 0.052 0402 0302 0202

) REHVA FE I FEBNEIC L 2 BASTF DGR

33 SR=E 30m¥/(h NDEFOEK

JEATHBrE RO/ E 30m3i(h - N, BEMEAEILE( DD D ENVER) IR L= b O TIEdH 523, Menzies HDHF
H DEFHEEFNT 0T DIFBROMR & AEREOBEPIEGE ) A 7 IZB9 2330 IR\ TC, IR 2 [Blh DLT GG Y 2 7 238
<, FNLETREY) A7 RN Z L2 EEARILE LTWa, A, FEFEEE L, (O)RUC—EYess#t 1=1, quanta &
O=7. M p=0.53, HHEIRFH] t=8 ZUA L, ZWEGE % 1 ALINIZT 572000 — AN 4720 DIV E Q 7 L, K 30m¥(h -
NTHDHZEERLIEY, LV, —ANM7 0 ZOANKEZHLRETIUIAEEE N M TH ZRIERE n 13 1 28270,
Thbb, TRV IVEYTY T AL — A SRR R E BRI DI ENTEDLE LTS, 7221, ATREZIR Y SE4h
KEEEL LTREREBDDHZ ENEFEND L HLIRRTE 9, = ZC, Buonanno ©H® quanta fEIE, B LHNCEEE
HRIZXHF L TRO BN DTH L DT, FoEOT VA EORG) EROFEBITREVAENTE T, Flovx 735 LT
WO LD TH D, RERRICKIT DT NV HRDBIRINL 2 FEU EDE D & TIxd 203, R~ A 7 ORGSR
A & SZEWMANT 23~ A 7 5 HUER T5% DIERENER D038 5 DT, ~ A7 ERADMIE LT\ 5 BARTIENE ORE X
FIRR SN D AMREMEZ AP RE L TV D 9, Biadil, v A7 OBFIZEH L TO)REB 2724546 quanta fEAS 75%HHINK XL
% &5 LTI U I 4 5 O IR Q 2SI, Rl DR T OFEIHK R E G D DIIh 7R REEE
o, A7 OBRITHRTHDLZ ENZDZ ENLHHND,
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34 EPMREITOLNT
YL ) 27 BARIRT D 72O DFEE R Q 1X, AMKE Qoa 21T Tid/a < Q) ROEHENEGE D 19,

Q=Qoa + 1 Qr+ Qde + Qinact 3)
ZZT
Q I (M) Qoa H=E(Mh)
o SRS n ERRREOBRIEERD YA LK REDE ()

Qe EEFILAEIC &5 74 N ARERB A S EHE L2 b0 (mih)
Qnat HEDORNFGIZE D T A NV APRERZ R ERE L= b0 (mh)

FHR DK E X% Qop LHEARTE2ITRT, 728, Qe & Qinet lIITHA 19 Z#BEIZ L TRDT, Qe & Qi LV A LAY
FED AR RO AL HKE TH 203, RS b & 0 ) DZGRICIB W THIBITE 2 Qoaxe n QriZ N TREWND T,
TRAME LTI TEBE LN & ET5, 0B, /IMUOEKIHIHESOMRERBRI W CIREREE 1 — 7 D DR EE %
RKDDGEZR LI, EREEIN NS, HRINS N O ORENRE W E E X 5O THRBER L BIET 20BN H 5,

T b IVERTROEE, —RENZIIERZE SR ERE)Qr 1. SVRE Qoa D 2~3 HREH D, LD v A L
ABRELIER n R OREIEE A RIAFTICAVIUL, SMRE L FEL EOFIHKEEGD Z LA HRD, ZOBRFEEIZH
YD HLONRTT 7 4V LSRN EEEEE (UVGI: Ultraviolet Germicidal Irradiation) Téh 5, 72721, 215 OERFEEEIL CO,
X VOCHERMETHM) EIIFRE TE RO T, AKEAL ORISR DILD, 7235, ZERUBREIICZ A S 2 AR X,
SAHRSREA RO T 7 A VA BT A N A B E S, KA L TEHEFES OH 7 VU Lo TRED U A LA Z AR
HETH2HDOTHLOT, RiTHEDOTANVARECEH L CUE=T 7 0 VZHIO#EIEE S 25,
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T - BRI 1 /L5 T
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Qinat 170 028 :

AELM FREBITE L, A R10mX10mX KHE & 2.7m, fE=A$020 A (HA TR 5m2A)
2xQoa=Qr | HEMERE T 4 VX OIS 1 12 05 um LUK 5 FET — & A Af

4. BREEE

41 I7I4)L43

) REHVA 3285 BB R OB SR A E1IET 5 2 & ZHELE L T2 DIkt LT, ASHRAE 12, J@UlesVREINEA S hiz22
T AT DBV CERDNEGUIBN 572 L WV ) T VAL | TBERRICTT 7 ¢ V4 ZgkiE L ORI R R AT
DT EEHEEL T D B, SHASE § ASHRAE L [AEE2E 2 ThD X, BREETIHKOMERT D54, 30mi(h - A) T
FEEDVD 7223 TR 7T H 220 BR Y SRR EFRE O L 2 & AAREA ST SANRBICE S 5 T = U a
A NOEMPETHZE, £o, BARTERHAENS Z ENZOENH~AF T 2 2 % OB el CIIEAISES
ZAEIET D Z LITARAREAR Z & D, SHASE X° ASHRAE DFEEFINERZER & E 2 B,

ASHRAE TiZ, #lamF A Lz & LT, ANSIASHRAE Standard 52.2 (D7 7 ¢ L Z VERERIA& 233V T, MERVI3
PUbEDZT 7 4 VEZHIRL TS D, AARDHEMAETT 7 4 L% OFBRITIZ IS B 9908 733 ¥ . 2011 4E K () 2019 4E(Z[A]
FREAIIOE SIVTIEW 2 2MEH & LT 2001 AEHITEDIH IS O L EHENRE CHEMIEDT 7 ¢ /L2 OMEREZ MRS Z &30,
ASHRAE & JIS Mk TIIHRE T DRFEEDINE O O TR —EIT LRV, BB X% MERVI3 ITHIY 4% b Db faikists
ZhER Q%D HEMERED T 7 4 VX2 T D D),

ST, HHT_RERHREE LT, Mum Pl bz 2 —5y MCT 2008 W) BERH D8, fEmn BIacili~2 LHRcid—
FEDA AL TR, GR. Jonson HIZADOME, 256, WETEL LT vy VORRERFEL, OFENT
ORFRSATE LT LumERE L 200 mREICE—7 D355 2 L 2R LIZ(K 1-1)D, ZERHCBOCTER S um BEELL Fox
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TFETDHNNCE L TE, £ < OFESEH BONHE SN TNDEA, ZRETOE ZAEDOEHEIZRNEETHRY, 20
A E LCE, MEO A NAZRESNHE L, U A VAR RIET D & 5 FiR072a88E L S0 P3 UL LA
Otk & FFORFE DTS CLOSRECTE N2 &R BE X bND,

Al v A VABRD YA KT 0.05~0.2um FLETH 5 028, —MRITHAMIR A IBA CIIEEE T, EwIR+ 0%
BHERKEHNCLBIAFAET DRI IAIZE LT LT RFIRDBUE L D REL 2o T D B, Fifilan )y A L2 s A
DR ERE Lim=T7 e LTRPICHE SN, ZNHOx=T 1/ )LORiRE, it S -ERICHIRC L > Tka %
TRNFERFOELEN D 40~50%I272 5 DD & ThHDH, K 1215, A SR S EZICREESS TS DAz Tum A%
DT 1 VRSO EIECTH 2, B 1-1132 O E W CHRSEDREBZIIE LT, APENORIES LTHIELTZHD
Thd, 74NVEORBEICAL UL B 12 DD S 2BRT D0EN D, =T 1 VIO KRR T A VAR E SN
ESEBNAETIUL, 0.1um DR HilEx g & 35080370 <. 05~1.0um FEEEDSHIEI U2 5 L EHITEB X D,

0.5um LA LT v )VEHIET 2 LIET D & HEIERETT 7 1 VX ORI TSRO FEIL, Halk 65% 7 1 VX
T50%LAE, Hefik 90% > L4 T 80%LI Edh D DT, 32 D 5 I ZDOMESIRZAATIUE, o b IV Tiast
RDOBDLE & W SRR, Hefaik 65% 7 ¢ V& A8 L1236 C 2 £, [F190% 7 « V& ZikiE U186 T 26 1%
b, LIER-oT, O)XOBEY A7 137 4 VA BELUITHAT, 2RI 50%, 38%E 75, £z, HEPA 7 4 VA& D
ZEIEES T 7 s T AN s 2=y N BRI TH D, HEPA 7 4 L2 DIFESIERITIEE 100%0ES 0.3 1 m BLET 99.97%
YUB)2DT, 7 4 & EERBEH DY — 27 BNEEAIRY | FEHENC 2L D ORI OEREZ N2 5 2 N TE D, 72721,
TS OBEERITRFITINCERE T 5 Z &1/ 20T, HHICHT- > QIR EE O i BB 208N H D,

T ANEOREEE LT, =L b Ly MEESH) T RIS (8N, S &0, EEE) 2RI LI—
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DT 7 4 VZIE, R EEAM O & & DITRERITE L 72D, —FH T, MEAW OIS TEJ RS
ML, VAT LOEREMETTDDT, =T 7 4 AZOERICBO CUIE R OMERSC T HEN MBI 72 5,

42 Uval

ZEFNZIT DIEDBYeITR & L COSIMBEBHAT (A%, UVGI)iZ, WHO, CDC, REHVA, ASHRAE 72 &/ BRBA S,
ZOHEMBHAL S TEY ASHRAE DN K7y 7 ONZHI|IIN TN D, ST, MAmERR e U3, Ml vA
NWARSH LN, BEOFAFIRIIZEINKTH Y, HEOZIUIATHS 0, T OITZETHREN TR L= 550 T
UVGI [ R L SRl a A VSO RAREICEICAW SN TR, Fiflan oA V2 BRAERIIARTH 528, M &
DFENFEMIRN LA TIIRFECTE W E ZAIZH D, LIzn-> T, ZEHICRBIT 2 o o) o A VARV TE, 25
Harks LY 7 MEOEMFEROZE LS E 0 BEECIIRWEE 2D, Alrcsrilan oA L Z2OAGHIRIZBED 5 3k 8 35
KOOI AU, EIRE O IR & U A L ARG T 2 MG 2 DIZE DIEIHT & A & DEE T 24 IRRIFREED
PHRTHY, ElexT7 e LTOUA VARG MEONEENE 11 R S, S HITHCE L TERERZN O, A
WF= 7 Y HOFT 2 a Gy A NV ZAORG A RIE L DN 1R 1/100, 2 R#IZ 171000 (208D Liz(7=72 L,
3L TH 2% LR T L~V EREN LTS, BKHFOTT 0 Y IVRT 4 VERRHA A I L a %48
ETAUL. =T 1 LTOYA NV ADBGIUOBERITRE M ER CIEEZ b O U A NV AISEREICEEINT,
DB L2 O THIRBORM BIT LA ERNE S 25, 7288, —HBICUANVADRMIEE LT 4 V2 OZTHIRHI Y35 =
LREETDBEZNH DN, THUSK L TIZERD 7 4 VA IARFEZHDO N D b O TIE WO T, (EEEREEOERIC
BT DHHRIRTHIEFHETH D, VA NVAOREAFEDO BRI72T TUVG Z3RET 2 Z &1 LIRREICH D L5 %25,

PLEOBEEIZ L D 2GR TO D A VARIRIZISIT 5 UVGI DML RO T AN AEZRETHZ LiZh D L5 %25, UVG
I S THARG TR Z &0, UA NVATTEEOME A THRIMCTHI MBI 8 D 9%, UVGI ORI OB EAME T —RIC
W 265nm FREIC B — 2 RO ORI Z RO B3, RESME UV-C(IE 100~280nm)DN T 6% D B — 7 i DO
253.7nm IZHLEFFO ARSI C& 5, UVGI OFEIRIZ@)ZCE S, FEIIFEREEMIcmd)=48 MR (mW/em?)
X BEHFEE), T720bb 1 &t OFICHERTT 2,

nu= 1— e @)
ZIZT, nuBEREC) k AR cm?/(mW - 5)]

| SRIVESREE (mMWIem?) ¢ IREERS(S)

W 253.7nm (ZHUL AR UVGH 23, 26K DA L AFEIZRT L C 99.9%5E0K S 2 & A3k SRR 30133 milem? C, 37
B30 A L ZZEE LT 3 milem?(SCRk 39). 3.7 mdfem?(SCHik 40). 49 4.3 milem?(SCHK 41) 72 E DD B 5, ZETLER D
DA NAERET DAL, KGR ZESN T 2~3mis, 47 MNTC5~10ms FREE L3RV 2, PRI 2 B < TRk
T ENHEL < EREEA MR L CORERIRE R TB Z LI LW Q0 Th BN, — 5 TLEE TR L~VL(10 0-6
T DREBNZRDSKD HILD OIS TR, ZEFHEN CEIMR T 7 OSSR BT O L E XY . =7 7 4 LA ELOY
2SR TC B0WFEEE DR AR DSIFF C & 2 OMERE I T D O,

ZERDHARREII A B NI T 503, ASHRAE HANDBOOK Chapter62 (21%, Upper-Air UVC L\ 9 2=—7 72 UVGI
B REN TS, A—S—%FH L CTREEO NTEHERAN SN L 91 LT, RO RAFHTEOZEMIZATET AT
SONREIRINT 200 THH(R 2), ity K7y 71213 2 BFEELL EOMKIEEUAEY 92 & OFTHENH 503, FENA—
T H & 11 2 OOV MR SARS AR A R DT & Z A TR, 14 [\Eh BREGEEEOREIIAAH) Th-o 72, b,
4 PRIFEEITIBUVT Upper-Air UVC ORRENE, HEDOEERAZEZ TRy X = L—3a VEITD, BRI T 024~
0.48mlfem? DEESMMER A= 1T 5 Z L AR L7 9, koD 3.7 miiem? T 99.9% DR =1 11 F 17 1 /L A DREERROAE A AF
ST THERE K 2RO, FREDY I 2 b— g AL > TELNTRERERZ - TR U < Q)R SRR 2 HE T
5L 36~59% L7, ZOREORESRIIH LD LEEX LIS,

Z OFAMTENZELHNC T A VADTHE T 513 ERERRTRIN U, BEEEIIRE R 2 DO TRESRITR S 250, 7
B MR R QMR 2 17 B U O 28 < 372 LW O BREGEHOB 2 LITFEARMIHK T2 L 2ABBH DL E 545
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DELEIC L > TEENZE D 5 OD THRELIROFRDEE LN E WD SRS BND, 25 AT LORE « i TE OIS
I, Bz, EEAEDSRE SNDEEIIINGEANE T 7 4 )L ZCZETEN UVGI BREIC & D Ei B CEITxR L, &
ORI TIRAR W ER 0812 Upper-Air UVC % FIVVS 72 ST D OB & 2 D,
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2 Upper-Air UVC (D ELRYRY7A: 3T I >
5. B AT LIZH T BRI EDEE

51 MKIKRDRZ 5L

(D)= Wells-Riely JEYLife=RE 7 /MIIEYLRIT-(I & L Tl quanta) ASBRRE 4RI 5 & LTs A OBYMER 2 £ LTV 528,
EEHTIBNVTIIRKGI RN AR CTIER <. UANARESTRIEST 5 2 L LIk 0| S & quanta 612135010036
0 YRS —RRTIER BaTOZERE - i TS PRI RORZUTIN L, K0 FERRIGE R THEOIR
Wiz Rz 26T DE MAAHFER SV TN D, E TR DIIER I BB - ThEtERE 7 ¢ /L & A BIIRRE L2 Cse
Rz g L U TIMSED M ZTHE L T D 3, &6 9 1IARDL DMIZIEIL CO bREGLRI TS AN FAET 5 H DT
& D WO ORPEEABIED 8 D LRGE LT, 20D COIREERTOfEA IV T quanta iz TI L, JEGuesod s34 2 T
DFEERERLTND,

52 MRNEESOHDERAT L

BRI ZEH T RIE, BNOREFSRER CHH AT, R TEL 5 ERFICER A T GRS ZE FBIcE)
EHDZENTE, IRERED HEICERORREMRAER S, SRR EERI /2 2 0T, BHETIREAZEH
FFAUT TR TSR E TIE L DIEFIC 5 50, Z R U2 EM AL ORGEMRIFORAICE L THE 25, EEIZEB
WCEERORAVIZIE, Whipd 7 —AIREBIZE 5 EFIBAE L TS, Rahe I K> TRET HRYWERL T 13F D
N—DZFe > CEH NIRRT DD S 5, FHIv AT & L CNDEAITIE~ A7 LI T, R3S B0
WERY MPVNEL IR TNDLDOT, EOMMAIIBHE Th D, FIFREH L OEAIL. EF U7 ERI 7230k & I LA
IZE o THEML N OIVBRFERICRES, LichioC, BRSO 03K AR E LA L 0 bR R T OBk R
PEIERVY H DRSSO TERMERZSHOAMEL R L VAR L T D 9, AORAEL T EFmIchET 2 v~
VAT RIS OIRE H URHHIC £ > TEN T FER SERVZDIKE, &7 v 77 B — RO LERCEAZ [ A
HDIDEFE L FOETIIRRE H L2206 DUVNERA DDV A THRLH U | 258 b R ER H 2 BEE 2 L5,

6. HHYIZ

with =) after BN TIE, ZEHICBWTHLEE - 0 EBUREOMN Z X D BN D 5, BMiIC/VROEARY
BT % Z L IEPEHILA CIIAVELECE DRV —FET 5, TSR OZEH Tl B IE VR EEEA L DD,
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PEBRERIZT T 7 4 L2 UVGI DRREEBEZE AT S 2 LI L > TZEKONEE 2 b % T C3EE B 2142 it
bbb, 5T, BEEE M EXEDZ LICE T, BMERAZ K T3 TR kO LD, LT, Zhb
DB BT A VAR T TR L PS5 UNE T VR 2 &0 BT A2 b B35 2 & BT 5,

fIZ, COVID-19 [3BU/EEITIE CH Y . 2% D PP /2 > TUVRWHIT, 2021 4F 12 ABIEAFTX 215H%
AR EHE LN, A=Y TA XS TOVRWVMERDEENTVD Z A IHFREX TV, Fo, LEa—LFW0en 5,
RO EANRRMRE TSR LT LE S22 & T IAKIAE T ULV TH D,

X ®

1) CDC: How COVID-19 Spreads, (Updated Oct. 28, 2020),
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ABSTRACT

In December 2019, a case of pneumonia of unknown cause was reported in Wuhan City,
China. On January 7, 2020, a new type of coronavirus—severe acute respiratory
syndrome coronavirus 2—was identified; it caused coronavirus disease (COVID-19) that
spread worldwide rapidly. In the 2 years since its onset, despite several unclear aspects,
research has progressed in this front. It is important to understand the role of air
conditioning equipment or systems in the transmission of this viral disease. Therefore,
in this report, we will review the literature on COVID-19 published so far from the
viewpoint of air conditioning and describe “Countermeasures against COVID-19 with

Respect to the Air Conditioning System”.
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ABSTRACT

In recent years, resource crops have been attracting much attention as a new energy source and as
a countermeasure against abandoned cultivated land, which is becoming an increasingly serious
issue in Japan. However, most resource crops are under small-scale trial cultivation and verification
testsing, with limited cases asof their use in a business. At the Innovation Center farm, we are
currently cultivating FErianthus, a resource crops, to encourage self-consumption. Based on our
technology and know-how, we will report on resource crops, as an efforts for utilization while aiming
for business development to build resource and energy circulation to effectively utilize local materials.
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