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Abstract

The heating performance of a solar thermal seasonal storage system applied to a glass
greenhouse was analyzed numerically. For this study, the gardening 16th zucchini greenhouse
of Jeollanam-do agricultural research & extension services was selected. And, the heating load
of the glass greenhouse selected was 576 GJ. BTES (Borehole Thermal Energy Storage) was
considered as a seasonal storage, which is relatively economical. The TRNSYS was used to
predict and analyze the dynamic performance of the solar thermal system. Numerical simulation
was performed by modeling the solar thermal seasonal storage system consisting of flat plate
solar collector, BTES system, short-term storage tank, boiler, heat exchanger, pump, controller.
As aresult of the analysis, the energy of 928 GJ from the flat plate solar collector was stored into
BTES system and 393 GJ of energy from BTES system was extracted during heating period, so
that it was confirmed that the thermal efficiency of BTES system was 42% in 5th year. Also
since the heat supplied from the auxiliary boiler was 87 GJ in 5th year, the total annual heating
demand was confirmed to be mostly satisfied by the proposed system.

Keywords: 72|24 (Glass Greenhouse), BTES(Borechole Thermal Energy Storage),
TRNSYS(Transient System Simulation), E{¥ & AlZFE4E A| A" (Solar Thermal Seasonal
Storage System)
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Fig. 1 2017 Weather data in Gwangju
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Fig. 2 Calculated heating load
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Table 1 Type 1b parameter

Value
Number in series [-] 1

Collector area [m’] 419.02

Fluid specific heat [kl/kg-K] 3.6
Tested flow rate [kg/hr-m?] 66.24
Intercept efficiency [-] 0.762
Efficiency slope [kJ/hr'm*K] 3.2787
Efficiency slope curvature [kJ/hr-m?-K?] 0.0129

(2) BTES AJAE!
BTES A2 Type 557a (Vertical U-tube ground heat exchanger) & Ag-510] 5111, ZFA|SH A

A2 Table 20f] VR QITH?.

Table 2 Type 557a parameter

Value
Storage volume [m’] 4720
Borehole depth [m] 59
Header depth [m] 1.2
Number of boreholes [-] 35
Borehole radius [m] 0.1
Storage thermal conductivity [kJ/hr-m-K] 7.2
Storage heat capacity [kJ/m’*-K] 2016
Outer radius of U-tube pipe [m] 0.0316
Inner radius of U-tube pipe [m] 0.0255

() =7 1 £E=
W A S92 F Y 7Y B FES e o180k iG] 7t = Type 60f (Vertical cylinder

storage tank) S AHEso] mElEla}glT, AAIE AL Table 30 LERAGICHY, ©7] 4 Z2.0] = Ffe]
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Table 3 Type 60f parameter

Value

Tank volume [m’] 14.4
Tank height [m] 4.5
Height of flow inlet 1 — BTES loop [m] 3.7
Height of flow outlet I — BTES loop [m] 0.3
Height of flow inlet 2 — solar loop [m] 0.3
Height of flow outlet 2 — solar loop [m] 3.7

Tank loss coefficient [kJ/hr-m*K] 3
Total surface area of heat exchanger [m’] 40
Heat exchanger inside diameter [m] 0.01587
Heat exchanger outside diameter [m] 0.016
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Table 4 Simulation result summary

1 2 3 4 5
Glass greenhouse thermal demand [GJ] 573 573 573 573 573
Solar energy gain [GJ] 1,227 1,212 1,205 1,202 1,201
Boiler supplement heat [GJ] 229 103 93 89 87
Solar energy injected into the BTES [GJ] 1,213 984 956 945 928
Solar energy extracted from the BTES [GJ] 211 336 367 383 393
BTES losses [GJ] 780 629 580 554 533
BTES average temperature at year end [°C] 43.6 45.6 46.5 47.4 47.6
BTES efficiency [%] 17 34 38 41 42
Boiler
93 ( 87
Flat plate Short-term Glai_.ss
solar storage 486 gre:n oulse
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Fig. 9 Schematic heat balance for the system with BTES in 5th year
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