~ Modeling of Horizontal
GSHP System for
Greenhouse Heating

Murat AYDIN,'2 A.Gultekin?

lInternational Geothermal Center Bochum

2|stanbul Technical University, Energy Institute

COMSOL

CONFERENCE
2017 ROTTERDAM



. 2,
QN

“Ground Source Heat Pumps (GSHP)
and
Ground Heat Exchangers (GHE)

* Ground Source Heat Pump (GSHP) is one of the best
efficient space heating and cooling system (USEPA).
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* Heat load of a space 1s extracted (in heating) from
ground or injected (in cooling) to ground.

* There are two common methods for GHE

®* Vertical

* Horizontal
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Horizontal
Ground Heat Exchangers (GHE)

* Horizontal Ground Heat Exchangers (GHE) have some
advantages:

* easy to apply, / : :
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* cheaper than vertical GHEs —_—
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* Also have some disadvantages: =
* Need wider area than vertical ones, V St saey

* Lower performance in cold days.




Heating-Cooling of Greenhouses

" Depending on the plant growing, inside air has to be controlled continuously,
" They need heating or cooling most of time in a year,
" Heating and Cooling expenses one of the highest expenses,

" Some of them are far from the natural gas network.




Identification of the Problem

" An efficient heating and cooling system needs the greenhouse,
" There i1s not any available larger spaces,

® Greenhouses floor can be used as heat source/sink,

" Sensitivity of calculation is important because of products. Garten
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Test System using in Experimental Study
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Fig. Mobile Test Vehicle and its connection to the slinky GHE.




Experimental Study Results
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8 o T1 is located on the closer to flow side on PE pipe, :
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Modeling
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Pinch (p) 0.25m

Diameter (d) 1m

Inlet diameter of pipe (d)) 0.026m

Outlet dia. of pipe (d, = dp) 0.032m

Total length of pipe 100m

Total trench length 11m
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Fig. COMSOL model box for one Slinky GHE.

@ Fig. Slinky GHE. (6m x 10m x 25m) =
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Governing Equations

COMSOL Heat Transfer Module, “Heat Transfer in Solid

oT
Governing equations in the ground: PC, = + pC UVT +Vq=Q

Upper Boundary Condition do = h(Tamp —T)

GHE Boundary Condition =

avg-exp
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Computation

Fitting Modeling Results to Experimental

Heat load is calculated following eq.:

qGHE—SIinky N mcp(Tﬂow _Treturn)
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Extending the results to field scale
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Fig. Field Application of Slinky GHE.




Effect of distance between GHEs
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Fig. Heat load for one line(100m), for yearly working condition




Simulation Results .
ul Resul
Time=2400 h Surface: Temperature (degC) o :
§ Table. Heat value obtained from the 60m x 80m field at the
20 end of the 2400h non-stop running condition.
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Conclusions

* A horizontal ground heat exchanger system model is built for a greenhouse.

* Slinky geometry is used as vertically that can be located in narrow trench easily.

* Experimental results of a sample vertical slinky is imported in COMSOL and using them in the model, the
model is validated.

* Itis shown that double layer with 1.5m distance between each loop is given best performance for 60mx80m
application field.

* Up to 366 kW heat energy can be supplied to greenhouse with gshp system.

* This system can be used for auxiliary system with other resources and yearly acclimating cost of the
greenhouse can be decreased considerably.



Thank You For Attention



