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This project objectives were to design, test, and construct a reversible In this type of Thermodynamlc cycle, the evaporator takes in heat as the refrigerant boils, the work ST YT vy . gy
. . . done at the compressor raises the pressure and temperature. The condenser dumps heat as the Reondty, contactcu/pire — * K
geothermal system that can provide supplemental heating and cooling. The . .
. h q . | " h refrigerant condenses, and the expansion valve decreases the pressure and temperature of the T AMA A A T W2
. - - Reon =.004518
vapor-compression thermodynamic cycle utilizes the constant temperature, refrigerant, and the cycle continues. Reoms Reond., Reond, contactcy/ar e
approximately 55°F 4-6 feet below the earth’s surface, to dump or take in heat. R410A Temperature-Entropy Diagram AAA A AN
. . . . . R contactcy /pirt Rcon dgire
A phase change 1n the R-410a refrigerant maximizes the temperature difference . o 110 °C P
. : ‘ A i
with respect to the ground’s constant temperature. The system includes two ) N @ & /boqo " 409¢ sﬁ‘;lfgkg -
| | | | | < ()0 o 2<(2) 5 - / . 3, 1075
unique heat exchangers which have been designed, built, and tested to predict - T oo %0 o 2%‘;119 g/ig R o or — K kruia -0026323 , 88 110 s : 1 : . .2?8
i . : 9 . i ! -S> Curve [ +m3* (uc,) +
the heat transfer to and from the fluid. In heating mode, the system provides Q < | ; ; | 5 5 3) % / o State | () 751075 x 41136 107 | 43751051 003013 x 1 +-L0%°
: . E ion Val Compressor s P !
= 1.801 kW to the space at a coefficient of performance of f = 2.58. In cooling x"@ ° We 2 * ! o Statc 2a
. : & \ I . . Straight Pipe w/ Dirt
mode, the system provides Q = -683 W space at a coefficient of performance of - Bvaporator b . . -20 °C ! ° :tatej . Finned Pipe
- - : 2 o’ \ 400 kPa ! ate |
B = 1.58. Based on New England climate requirements, the system 1s capable of 3 25 @ e y \ 415.7 kJ/kg ! Y = TEX16C 7Y . y = 4E+15x + 3E+18 L
. . . . — K™ " ' R*=0.96523 ': R2 = 0.99797 e
heating and cooling a 116 sq. ft room or can provide supplemental heating and L . @ = e R .
. QL ) 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 T 1520 e = 7E+19 L
cooling of a larger space. Entropy (kJ/(kg*K)) - g | .

Background System Components — e

Below the surface of the earth, about four to six feet, the underground Reynolds
temperature remains constant at approximately 55°F, regardless of the above
ground conditions/season. In the winter, the system pumps a low temperature,
low pressure refrigerant into the ground, taking in heat as the fluid becomes
vapor. The fluid now passes through a compressor, where work 1s done, and the
then superheated vapor enters the residential space, where heat 1s transferred
from the fluid into the room. For warm conditions, the cycle is reversed, and
the fluid will instead take heat from the room and dump it into the ground.
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A car condenser and a fan were used to create a cross flow, single path, unmixed 3 ; --lll.lllll
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| The heat transfer (Q) exiting the above ground heat exchanger was predicted
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C, " using the analysis from the above and below ground heat exchanger testing. The
required enthalpy difference determined by the thermodynamic cycle informed
UA Predicted @  Actual Q  Effectiveness  Error Factor the 1deal mass flow rate. Using the ideal mass flow rate and the below ground
testing, the necessary length of finned pipe was determined to satisfy the needed
191.3 WI/K 2520 W 3026 W .700 |.2

Jeinnn

enthalpy change in the fluid. This length when compared to a non-finned pipe
demonstrates a five times improvement.

lest #2: Below Ground Heat Exchanger
Hot water was flowed through 3 different pipe configurations (straight pipe, fins,
dirt) 1n an 1ce bath to characterize Thermal Resistance (R) as a function of mass
flow rate (m). The performance of the designed heat exchanger in the ground
with refrigerant could be predicted by nondimensionalizing the test results. The
Maalik # (Ma) 1s the non dimensional heat transfer coefficient and Reynolds #
(Re) 1s the non dimensional fluid flow.
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