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ABSTRACT

This study aimed at developing control algorithms for operating a variable refrigerant flow (VRF) heating and

cooling system with optimal system parameter set-points. Two artificial neural network (ANN) models, which

were respectively designed to predict the heating energy cost and cooling energy amount for upcoming next

control cycle, was developed and embedded into the control algorithms. Performance of the algorithms were

tested using the computer simulation programs - EnergyPlus, BCVTB, MATLAB in an incorporative manner.

The results revealed that the proposed control algorithms remarkably saved the heating energy cost by as much

as 7.93% and cooling energy consumption by as much as 28.44%, compared to a conventional control strategy.

These findings support that the ANN-based predictive control algorithms showed potential for cost- and

energy—effectiveness of VRF heating and cooling systems.
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Fig. 1. Diagram of the DX AHU-water source VRF system. SA:
supply air; RA: return air; EA: exhaust air; OA: outdoor air, tSA:
supply air temperature, tlA: return air temperature, tOA: outdoor air
temperature, tCF: condenser fluid temperature, and VCF:
condensing fluid amount.
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(b) Heating cost prediction model
Fig. 2. Two ANN models for predicting energy and cost
performance
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Table 1. Structure and learming methods of prediction models

} Input Layer Hidden Layer
Prtei(()l: Output |Learning
Layer | Methods
Type
Variables Ranges  |Layer| Neuron
* toa 10-40 °C
- hoa 0-100 %
A 15-30 °C
Cooling . 0-3000 kWh 5 15 ENERGY| 03 Ir
Energy |LOADcooL| 8-20 °C TOT 0.3 mo
- teaser | 15-40 °C
* terser | 1000 - 7000
) VCF,SET l/mn
-20-20 °C
S s
S
o 15-25 °C
S| -1
Heating| " Vinin L | g5 | COST | 04l
Cost LOADizar 0-300 kWh TOT ‘0.4 mo
* tsa ser H -0 °C
o 15-25 °C
- e sET 800 - 1,800
- Vcrser .
* tRr_SET Viin
- 37-46 °C
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Fig. 3. Flowchart of the control algorithms
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for tea ser = 8:20
for tcpser = 15:40
for Vceser = 1000:500:7000
Predict the ENERGY1qr from ANN model
Compare ENERGYror for the different set-point combination
Find the set-point combination of the least ENERGY7or
end
end
end

(A) Algorithm for cooling

for teacer = 34:40
for tcpeer = 15:25
for Veeeer = 800:100:1800
for treser = 3746
Predict the COSTror from ANN model
Compare COSTror for the different set-point combination
Find the set-point combination of the least COSTror
end
end
end
end

(b) Algorithm for cooling
Fig. 4. Conceptual code for finding optimal setpoint combination
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Table 2. Set-points of the control variables in the conventional

algorithm.
Control Variables Cooling Heating
tsa_sET 16°C 38°C
tcr SET 32°C 20°C
Ver ser 6000 1/min 1666 1/min
tRE_ SET - 43°C

AAsH7}=  EnergyPlus, MATLAB, BCVTB
(Building Controls Virtual Test Bed) AZEgo] X &
S o] gste] HAIEHAT Fig. 6+ 7 =299
Sy} AANAH S HoFEr AlEYolAS v A4S
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Table 3. Baseline of internal heat gain.

Components Values

Occupants 0.078 person/m’

Lighting 2152 W/’
Electric Equipment 16.14 W/m’

Table 4. Cooling schedules for internal heat load.

Cooling Ratio
Schedule Occupants Lighting Electric quipment
00:00 ~ 06:00
(0.000)
06:00 ~ 22:00 | 00:00 ~ 23:59 00:00 ~ 23:59
Weekdays| = 500) (0.250) (1.000)
22:00 ~ 2359
(0.025)
00:00 ~ 06:00 | 00:00 ~ 06:00 00:00 ~ 06:00
(0.000) (0.012) (0.300)
06:00 ~ 08:00 | 06:00 ~ 0800 06:00 ~ 08:00
(0.500) (0.025) (0.400)
Saturda 08:00 ~ 12:00 | 08:00 ~ 12:00 08:00 ~ 12:00
Y1 0150 0.075) (0500)
12:00 ~ 17:00 | 12:00 ~ 17:00 12:00 ~ 17:00
(0.050) (0.037) (0.350)
17:00 ~ 2359 | 17:00 ~ 23:59 17:00 ~ 2359
(0.000) (0.012) (0.300)
Sunda 00:00 ~ 2359 | 00:00 ~ 23:59 00:00 ~ 23:59
Y (0.000) 0.012) (0.300)
Table 5. Simulation conditions.
Category Input Value

EnergyPlus v85
Seoul/Republic of Korea

Simulation program

Site/weather location

Window-to-wall ratio 40%
AHU/water type VRF
/sch edlfl};p 24 Hours
Cooling set—point 26°C
Cooling period July 01-August3l, 2017
Heating set-point 21°C
Heating period January O01-February 28 2017
cop 4787

Pump motor efficiency 90%

Infiltration 0.0003167m*/s—m’
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Fig. 7. Optimal set—points of the system variables
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Fig. 8. Setpoints of variables determined by the predictive control
algorithm
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