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ABSTRACT

KEYW ORD

Purpose: Building energy saving has been becoming important recently, and it could be achieved by improving ~ 7F2@IZ! VRF S| EHZ

HVAC system efficiency and operating HVAC system properly. The purpose of this study is to analyze gas engine
VRF(Variable Refrigerant Flow) heat pump performance and to investigate energy effective economizer control in
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Korean climate. Method: In EnergyPlus, temperature-dependent cooling and heating performance of gas engine
VREF heat pump was modeled and simulation results were compared to the actual gas consumption of the research ~ Gas engine VRF heat pump
facility. The energy saving potentials of differential dry bulb control and differential enthalpy control were also ~ Economizer

simulated and investigated. Result: The efficiency of gas engine VRF heat pump increases with decreasing outdoor

Energy simulation
EnergyPlus

air dry bulb temperature in summer and increasing outdoor air wet bulb temperature in winter. Differential dry bulb

control saves 8% ventilation system sensible cooling energy, but use more 4% and 1% latent cooling energy inJuly A CCEPTANCE INFO

and August when compared to the actual building outdoor air intake schedule. In Contrast, Differential enthalpy  Received Jan 24, 2018

control saves 7% sensible and 11% latent cooling energy because Korea summer climate is hot and humid. As a  Final revision received Apr 16, 2018

result, differential enthalpy control is a suitable economizer control method for Korea considering climate

characteristics.
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CAPFT,,,,- Heat pump cooling capacity ratio modifier

EIRFT,,,, .- Cooling energy input ratio modifier

CAPFT,,,,,, - Heat pump heating capacity ratio modifier

EIRFT,,,,,- Heating energy input ratio modifier

a — f: equation coefficients for modifier
T

wb,i

> wet—bulb temperature of air entering the evaporator (° C)

T.* temperature of air entering an air—cooled condenser (* C)
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Table 1. International Climate Zone Definitions [12]
Name Thermal Criteria
Very Hot-Humid(1A), Dry(1B) 5000<CDD10°C
Hot-Humid(2A), Dry(2B) 3500<CDD10°C<5000
Warm-Humid(3A), Dry(3B) 2500<CDD10°C<3500
. CDD10°C<2500 and
Rl HDDI8°C<2000
. : CDD10°C<2500 and
MBI ), DIl 2000<HDD18°C<3000
Mixed-Marine 2000<HDD18°C<3000
Cool-Humid(5A), Dry(5B), Marine(5C) 3000<HDD18°C<4000
Cold-Humid(4A), Dry(4B) 4000<HDD18°C<5000
Very Cold 5000<HDD18°C<7000
Subarctic 7000<HDD18°C
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Table 2. Control Settings for Air Economizers [12]
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Differential dry bulb Differential enthalpy
. 1b,2b,3b,3c,4b,4c, All
Cimate 5a.5b,5¢.6a.6b.7.8 (4a, 3a included)
T, > 1,
Required High 04 =~ Lra Bou >hpu
Limit (Economizer| Outdoor air temperature | ooy air dry bulb
Off When) temperature exceeds return air enthalpy
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Table 3. Building and simulation image

Building Simulation

Table 4. Building Information

Category
Building type Research facility
Number of stories 7
Orientation South-east
Gross floor area 5,344 m’

Exterior wall
thermal transmittance
Set point temperature

0.49 W/(m’*-k)
Cooling/Heating set point: 25°C/22°C
Lecture hall: 10_m?/person

Occupancy Office: 40 mz/zperson
Corridor: 80 m“/person
. Lecture hall & Office: 20 W/m?
Equipment Corridor: 12 W/m®
it Lecture hall & Office: 16 W/m’
Lighting Corridor: 3 W/m®
Central HVAC CAV (4 AHU, 2 GHP)

13 GHP
Cooling/Heating Capacity: 71.0/80.0(kW)
Cooling/Heating Energy Consumption:
58.5/57.2(kW)
Cooling/Heating COP: 1.21/1.4
Weekdays: 8a.m ~ 18p.m
Saturday: 8a.m ~ 13p.m
Jan~Mar,Jul~Aug,Nov~Dec:30%
Apr~Jun, Sep~Oct:100%

Jan 2016 ~ Dec 2016 (12 months)

Decentralized HVAC

HVAC
operating time

Outdoor air fraction

Measurement period

CAHD2 2] @l A Al 28e AT EolH.

[T S R A == -

VRF heat pump
outdoor unit@~®

VRF heat pump
outdoor unit@®~@)

o[BI |
sr |—_'—| I__LII__LIIiI :
4F é EI__LIE :
¥l 5 @I_:IE :
sl [ (el [ |

T
------ Air handling unit ~ Diffuser
Gas engine VRF heat pump outdoor unit ~ Indoor unit

Gas engine VRF heat pump outdoor unit ~ Air handling unit

Fig 1. HVAC system of base building
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Economizer

OutdoorUnit:VRF Eﬂ?t-“ﬂl
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Fig 2. HVAC modeling in EnergyPlus
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23 28 33 38
Outdoor Dry-bulb Temperature(°C)
——Actual Curve  ««-.- Simulation Curve

Fig 3. Cooling capacity ratio comparison between Actual
curve and Simulation curve (Indoor wet-bulb = 19°C)
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Outdoor Dry-bulb Temperature(°C)

Actual Curve «---- Simulation Curve

Fig 4. Cooling energy input ratio comparison between
Actual curve and Simulation curve (Indoor wet-bulb =
19°C)
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Fig 5. Heating capacity ratio comparison between Actual
curve and Simulation curve (Indoor dry-bulb = 16°C)
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S : Simulated energy consumption during the time interval
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Fig 6. Heating energy input ratio comparison between
Actual curve and Simulation curve (Indoor dry-bulb =
16°C)

AEE FAH AR 9132 & & St
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Table 5. MBE and Cv(RMSE) of Simulation curves
Curve name MBE Cv(RMSE)
CAPFTeoging -1.06% 1.68%
EIRFTcooling 0.00% 3.16%
CAPFTheating 0.00% 2.41%
EIRFTheatine 0.00% 2.85%
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Fig 7. Comparison between actual gas
results

consumption and simulation
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M : Measured energy consumption during the time interval

Ninerval © Number of time invervals in period
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4.1. =Y Climate Zone

Sl 71500l Ak olFtentol A Aol 24817 Sl
A 2016 = A&, th, B4 AlFE 9] Cooling degree—day 2}
Heating degree-dayE At&%t F <&E1>9] International
climate zone g eJof| what Zb ]9 2] Climate zones 253
o}, 713 =N 22 [15]00A Al Eshe A9 4 Fat7]= 2}
22 Cooling Degree—day base 10° C&} Heating Degree—day
base 18° C& 4AF&st9th. (E6)2 29" Climate Zone= 1}
Ehfe &3 diFE Mixed-Humid 4A, F4H AlFe=
Warm-Humid 3A¢f 714 717t Ao 2 st

Table 6. Degree-day and climate zone of 4 locations

Location CDD10°C HDD18°C Zone Number
Seoul 2520.6 2572.9 4A
Daegu 2537.4 2146.5 4A
Busan 2618.8 1707.7 3A
Jeju-do 2890.4 1388.2 3A
CAE8S A AL 7] ol AF2E 7|E0 R o] ken}
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Fig.10 Economizer control and damper open ratio
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