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DEFINITIONS

Coefficient of Performance (COP): Defined as the ratio of useful energy out over the amount of
energy used (electrical input). This is a more intuitive ratio as opposed to ‘EER’ since both the top
and bottom units are the same (Watts/Watts), so COP will be used exclusively in this report. You can
convert from EER to COP by diving by 3.41214. Higher than unity COPs with heat pumps are
possible since heat is not created but rather moved via a heat pump.

Thermal Reservoir: A thermodynamic system with a heat capacity so large that the temperature of
the reservoir changes relatively little when a much more significant amount of heat is added or
extracted. Normally this is assumed in Ground Source Heat Pump (GSHP) systems, though
incorrectly since the ground heats up over time. FeBTUCell reduces the temperature increase of the
ground due to excess heat removal via overflow + evaporation, making the ‘thermal reservoir’
assumption more accurate, for higher COPs that are consistent over the long term.

Ground Source Heat Pump (GSHP): An HVAC approach that uses the ground/geothermal thermal
reservoir as an evaporator during heating mode (extracting heat from ground to home), and as a
condenser during cooling mode (dumping heat into ground from home) by electrically running a
Carnot heat pump. Cooling mode is the focus of this report, using the ground as a condenser.

Entering Water Temperature (EWT): Entering water temperature of the closed water loop.

FeBTUCell: A Higher COP approach with a more effective thermal reservoir performance geothermal
system for GSHP systems. This patent also presents significantly improved drilling and
implementation options (even up to 25-50ft deep) due to it being in dry ground.



SUMMARY

FeBTUCell is a geothermal patent held by Martin Halliwell. FeBTUCcell serves the function of
improving the condenser side heat transfer during cooling operation. FeBTU cell layers typical heat
pump efficiencies (often between 3-6 COP) by offering cool ground temperatures with an added
benefit of evaporative cooling. This effectively translates into colder Entering Water Temperatures
(EWT) of the closed water loop back to the heat pump (ref. Figure 1). Colder EWP results in higher
Coefficients of Performance (COP) for all heat pump systems (ref. Table 1).

Makeup water is released here via valve. Open Cell Water Overflow to
Steel + gravel yields evaporative cooling. This is the ‘pond’.

Makeup water supply. Well or potable (up
to 1-2Kgallon/day). This evaporates.

Closed Water Loop FeBTUCell (Ground Reservoir + Water Supply)
Figure 1: GSHP System Deploying FeBTUCell

Note: The makeup water is linked to the closed loop but is released to the ‘pond’ via valve and/or
mist stream from the hot line.

This is the second of three COP studies to be done, this serving as a preliminary step defining the
problem, showing the max possible COP gains with the addition of evaporative cooling, as well as
steps and mechanical modifications required to achieve them. The second report will assure these
values given more conclusive info on materials, pipe thickness (namely the closed water loop pipe),
which will be assessed using some measured temperatures. The third will include more tested and
measured data as well as a site test report.



UBO70 - Performance Data

Single Speed with PSC (2200 cfm)

WPD HEATING - EAT 70°F COOLING - EAT 80/67°F
EWT Flow
oF GPM psi ft HC Power HE LAT cop TC sC 5/‘!‘ Power HR EER
MBtu/h kwW MBtu/h °F MBtu/h | MBtu/h Ratio kW MBtu/h

= = L Operation not recommended

20 15.0 =N 20.9 Operation not recommended
18.0 12.3 28.4 425 | 390 | 292 | 867 3.20
12.0 5 13.2 Operation not recommended Operation not recommended

30 15.0 8.9 20.4 50.2 415 36.0 901 3.54 66.2 41.5 0.63 290 761 22.8
18.0 12.0 27.7 48.6 415 34.5 89.4 3.43 671 42.4 0.63 2.73% 76.4 24.6
12.0 57 13.2 Operation not recommended Operation not recommended

40 15.0 8.9 20.4 56.9 4.37 42.0 931 2.81 71.3 46.6 0.65 316 82.0 22.6
18.0 12.0 27.7 57.0 4.39 42.0 931 3.81 71.4 46.5 0.65 3.03 81.8 23.6

— 12.0 5.6 13.0 63.3 457 47.7 95.9 4.06 76.8 526 0.68 3.50 88.8 21.9

50 15.0 8.6 19.8 64.3 4.60 48.7 96.4 410 76.3 51.6 0.68 3.41 87.9 22.4
18.0 1.5 26.6 65.4 4.63 49.6 96.8 414 75.7 50.6 0.67 3.33 87.1 22.8
12.0 55 12.7 721 4.81 55.7 99.8 4.40 742 52.2 Q.70 3.88 87.4 19.1

60 15.0 8.4 19.3 73.6 4.85 57.0 100.4 4.45 74.2 51.7 0.70 3.79 871 19.6
18.0 1.2 25.9 75.0 4.88 58.3 101.1 4.50 74.2 51.3 0.69 3.70 86.8 20.0
12.0 5.4 12.5 80.9 5.05 63.7 103.7 4.70 71.5 51.8 0.72 4.26 86.1 16.8

70 15.0 8.2 18.9 82.8 5.09 65.4 104.5 4.76 721 51.9 0.72 417 86.3 17.3
18.0 11.0 25.5 84.6 5.14 671 105.3 4.83 72.6 51.9 0.72 4.08 86.5 17.8
12.0 5.3 12.2 88.9 5.23 711 107.2 4.99 66.5 50.2 0.76 4.86 83.0 13.7

80 15.0 7.9 18.2 90.6 5.28 72.5 107.9 5.02 67.2 50.3 0.75 4.63 83.0 14.5
18.0 10.5 24.3 92.2 5.24 74.0 108.7 5.06 681 50.5 0.74 4.48 83.4 15.2
12.0 5.2 12.0 96.9 5.40 78.4 10.7 5.26 61.4 48.6 0.79 5.30 79.5 1.6

90 15.0 7.7 17.7 98.4 5.47 79.7 11.4 5.27 62.3 48.8 Q.78 5.05 79.6 12.3
18.0 10.1 23.4 99.9 5.54 81.0 112.0 5.28 63.6 491 0.77 4.89 80.3 13.0

Table 1: Cooling EER/COP increases as EWT decreases




OBJECTIVE

The objective of this first report is to present how much the EWT can decrease thanks to the addition
of the evaporative cooling effect of the FeBTUCell, vs. no FeBTUCell and typical GSHP systems.

What's important here is the relative increase, since choosing a more efficient heat pump will result
in higher absolute COP values. For example, if the best possible COP value of the best heat pump is
a COP of 8 given 40F EWT and 15GPM closed loop flow... deploying FeBTUCell (and required
surface area / convection + conduction modifications) will yield a COP of 9-9.5+. For perspective, the
COP of Martin’s current WaterFurnace UBV070TRO0O0PBNANOA3O heat pump given these
conditions may only reach a COP of 5 or 6. An improvement of COP from 6 to 7 via FeBTUCell would
translate similarly when using a better heat pump (from 8 to 9+), getting closer to the difficult (but not
impossible) COP values of 10+.

ASSUMPTIONS, CALCULATIONS and ASSESSMENT

1. Closed loop water flows at a rate of 18.0 GPM from the heat pump to the FeBTUcell and back
to the heat pump’s heat exchanger (with a Carnot Cycle heat pump system + refrigerant).
Makeup supply is fed at a rate of up to 0.5 GPM, max possible to supply, assumed to be able
to evaporate fully due to gravel in ambient RH values under 50%.

2. Open loop well or potable water is supplied at a rate of up 0.5gallon/min. This rate must be
adjusted to ensure full evaporation, and in most cases will be smaller. This is at a temperature
of 50-55F, which is similar to ground temperature.

3. The heat pump exit temperature of 100-120F+ enters a 24” wide 450-gallon heat exchanger
with 60F ground, separated only by steel. At a flow rate of 18 GPM, this water will spend 27
minutes on average losing heat to the ground before returning to the heat pump as ‘entering
water’. This entering water’s temperature (EWT) will be between 80F-85F as suggested by
sensitivity analyses. This will likely be higher at 85F or so due to a large volume/surface area
ratio of the cylindrical heat exchanger, and a foot or two resistive zone between the exchanger
and the thermal reservoir ground, however the make up water at 55F will lower this EWT
value, which we can assume to be the optimistic 70F in order to assess the best-case COP
gains. This figure is also assumed to be the water overflow temperature and is a close value to
the average ambient temperature in the summer. This is an optimistic assumption that will be
verified via a simple measurement once the system is running.

4. The water overflows and takes advantage of the gravel near steel to add more surface area for
evaporation.

5. More evaporation/more flow can be supplied with increased surface area on the FeBTUcell
steel overflow, perhaps permitting a thinner steel liner (and other steel).

6. Air blows between 15-30km/hr, or near this range.

7. RH is assumed to be 45%, 50%, and 55%.



Evaporative Temperature Reduction

Air is blown naturally over a steel liner with a fair amount of water absorption to cool the steel liner by
simultaneous heat and mass transfer.

Note 1: Low mass flux conditions exist so that the Chilton-Colburn analogy between heat and mass
transfer is applicable since the mass fraction of vapor in the air is low (about 2 percent for saturated
air at 20-25 deg C).

Note 2: Both air and water vapor at specified conditions are ideal gases (the error involved in the
assumption is less than 1 percent).

Note 3: Radiation effects are negligible.

h -Pyoo . . .
Ty = To — 5 L’;i/g%P”'s Mo (Chilton-Colburn analogy for evaporative cooling)
_ _ 2466 181.705-1.05 _ o
Ts = 21C — oo 5o~ 1o = 10.1Cat 45% RH

T, = 21C — ——ao 282795227 _ 13 1€ at 50% RH
1.007+0.8582/3 29  101.3
T, = 21C — ——a0 2817097229 _ 14,0C at 55% RH
1.007+0.8582/3 29  101.3
Note:

At a reasonable RH of 45% we can expect the Ts to reduce to 10.1C (50 F) from 21C (70 F),
assuming the makeup water supply of 0.2 to 0.5 GPM = evaporation flow rate. This is about 11C of
reduction (20F). If the path from Ts to EWT is reduced, more of this temperature reduction in Ts can
be translated to reduced EWT and increased COP. Considering conductive effects through pipes, this
can be calculated (with software), or measured/tested (ideally), but for now, we can assume that a
quarter to half of this reduction (due to Ts) can be translated to reduced the entering water
temperature EWF back to the heat pump (5-10F), at best.

A max EWT reduction of 10F via table 2 takes the EER from 20.0 to 22.8, which is a COP boost from
5.86 to 6.68 (COP boost of 0.8). We can round off to a max COP boost of 1, when deploying
FeBTUCell vs no FeBTUCell. This is still significant. Assuming this same conductive heat transfer
through piping will result in even further COP gains when running with an RH of 40% or lower, since
Ts would be lower than 10.1C, and the reduction would exceed 20F.

This should be similar in both dry ground, and in cases where a water body was hit. To confirm, need
to measure EWT, ambient, LWT. Also need to run system with both overflow/make up and without.



RECOMMENDATIONS

These are recommendations to help reach the maximum possible gains, which can be deployed by
the us, installer, or future owner of the patent. Maximum possible gains are caused by lowest possible
Ts temperatures, and shortest conductive path to the closed water loop EWT returning to the heat

pump.

1. To ensure sufficient heat is dumped to ground in cooling season (& extracted during heating
season) and heat exchanger is properly utilized without fluid short cycling either have:
a. a separation barrier to force water to go to the depth and back (currently don’t
have), shown as a black line or
b. have the inlet at the bottom, and the return at the top.

b.)

To/From
Heat Pump

To/From
Heat Pump

2. Consider a wet cloth near the top several feet of the steel liner outside to absorb and

evaporate more water.
3. Consider testing with light fans near the gravel to increase the evaporative cooling portion of

the cooling.
4. Consider having the hot water (leaving heat pump) pipes to touch the steel liner to pre-heat the

liner, maximizing evaporative cooling.

Overall, we can achieve high COPs with this lean system, avoiding multiple boreholes, glycol
drilling, ground battery issues (thermal reservoir issues) as well as supporting a wind turbine.

Relevant (similar situation), please read ‘skippedover's comment to the thread question.

https://hvac-talk.com/vbb/threads/860732-What-would-expected-EWT-from-well




APPENDIX A: The Function of Water

Summer/Cooling Season (FeBTUCell Functions as a condenser, dumping heat to the soil):
Because of this, the natural tendency of the ground during this state is to warm up, however, higher
COPs (Coefficients of Performance) are achieved when the FeBTUCell is as cold as possible during
the summer (below 70F, ideally under 60F), so that the heat pump can absorb and effectively move
more heat from the home space to the outside, where it would be dumped to the FeBTUCell (and its
surrounding ground thermal reservoir). Improved dumping of heat would reduce temperatures in the
FeBTUCell, which is the target. During this state evaporative cooling via make-up water helps
achieve the target three-fold: Firstly, by dumping most of the heat not into the ground thermal
reservoir (which can warm up over the years in regions with long summers), but by evaporating it on
the gravel directly into the air, where the atmosphere provides an infinite thermal reservoir. Secondly,
some of this evaporation achieves surface temperature cooling on the steel liner via the Chilton
Colburn analogy for evaporative cooling since evaporation is a combination of heat transfer via
convection and mass transfer via diffusion. This surface temperature cooling translates to relatively
cooler FeBTUCell temperatures, and EWT back to the heat pump, resulting in a slightly lower COP
(benefit from 0.2 up to 1 COP if some forced/circulating air is presented, so long as the energy
required to run a postulated fan is notably less than the COP benefit on the heat pump. Mist release
can also be an option). Thirdly, make up water can be supplied at 55F, mixing with 70F or even 60F
water will cool the EWT back to the heat pump, raising the COP.

Note: Make-up water during the summer is beneficial but is not essential for function.

Winter/Heating Season (FeBTUCell Functions as an evaporator, extracting heat from the soil):
Because of this, the natural tendency of the ground during this state is to lose its heat and to cool
down, however, higher COPs are achieved when the FeBTUcell is as warm as possible during the
winter (above 35F, ideally above 45F), so that the heat pump can move more heat into the home
space from the FeBTUCell outside (and its surrounding ground thermal reservoir). Improved
extraction of heat would increase temperatures in the FeBTUCell, which is the target. During this
state evaporative cooling via make-up water would not help us as all, since it would reduce
temperatures further, however, the use of make-up water here is essential since cold make up water
usually comes at around 55F and can mix with potentially freezing (or close to freezing) Leaving
Water Temperature (LWT) from the heat pump. The working fluid is water which freezes at 32F, and
considering how cold the FeBTUCell water may be to begin with, minus the heat dumped to the home
space, the return water may be close to 32F, hence we must dilute it with warmer water to boost the
EWT, while bleeding out some of the nearly frozen LWT. This will also raise the COP favourably
since 55F water mixed with 40F (or so) water will raise the EWT back to the heat pump, raising the
COP.

Note: Make-up water during the winter is both beneficial and critical for function.



APPENDIX B: FeGeoWind Practical Calculation and Analysis

Summer/cooling, 72” | 50’ version, 30ton/105 KW heat/cool: 968 gallons per day is what is
needed to evaporate 28 tons of water on the gravel (using 1000BTU/pound of water for evaporative
heat loss). This translates roughly to 45 grams of water needing to be evaporated per second.
Practically this would benefit from the ring vent aerating tubes. Most of the heat transfer is
evaporative, conductive is only about 2-3tons of the 30ton requirement (assuming a resistive zone of
1-2ft between the heat exchanger outside liner and the soil thermal reservoir with an average
conductivity of 1.25 W/m*K, consisting of gravel and soil). A chunk of this evaporation will translate to
surface cooling effects, lowering the water table bed temperature (and heat pump EWT), but not all.
This is represented by the Chilton-Colburn analogy for evaporative cooling surface temperature
reductions. A slightly safer bet is doubling water flow to about 2000 gallons per day. An even safer
bet is making sure the user (condo or greenhouse) also incorporates the windmill (FeGeoWind),
instead of just the FeBTUCell. This combination is a grand slam win.

Back to just the FeBTUcell. As discussed, wintertime/heating season will need even more water to
prevent water freezeups, 4,000+ GPD. Bleeding the rest near the LWT. Evaporation doesn’t help in
the wintertime. Hopefully water costs can justify this much water, using the max feasible.
Winter/Heating COP will be slightly higher than cooling COP but is limited by the heat pump and how
much heat it can move:

Qin (Heat moved from the FeBTUCell)+Ein (Electrical input at the heat pump)

Ein (Electrical input at the heat pump)

Where Qin + Ein = Qout (Heat moved into the home space).

Qin (Heat moved out of the home space)

Note that summer/cooling COP is defined as: —; —
Ein (Electrical input at the heat pump)

This means that while evaporative cooling prevents ground battery issues (long term COP
reductions), the only way it translates to upping the COP is by lowering the water table temperatures
and the Entering Water Temperature (EWT) coming back to the heat pump. This is limited by the heat
pump used. Most heat pumps only reach a COP of 10 at an EWT of 35F or so (at best) which is
unrealistic in the summer. Our equilibrium EWT may be close to 60F, or 70F (better than the
competition, but not 35F), yielding summer and winter COPs close to 5 with just the FeBTUCell. At a
hypothetical Heat Pump capable of a COP of 5 with just the FeBTUCell, a COP of 10 can be reached
if half of the Electrical(in) is reduced. This can be possible with the windmill powering 1/2 the power of
the heat pump, functioning as the FeGeoWind. Powering 2/3 of the electrical heat pump input
required would yield a COP of 15, powering 3/4 of the electrical input required would yield a COP of
20, etc. A COP of infinity is reached when the system is entirely powered by the windmill (possible
since a COP of 6 means only 5 ton is needed for electrical input (30/6), i.e., 17KW, which should be
possible to generate by the windmill).

COP yields mathematically diminishing returns, even beyond a ‘FeBTUCell only’ COP of 5/6. This
range we may be able to reach, which still be better than the competition. In very few spot cases
during the year or in some location of the year will we reach a COP of 10 with just the FeBTUcell
alone. The real winner is the brilliant below grade work done here, grouping the geothermal with
windmill on the same profile, and killing ground battery issues in this dream off grid device. COP
benefits exist more subtly. Note: COPs are usually higher than 1 since heat is not created but moved
from around 260Kelvin to 320Kelvin. Only ‘absolute zero’ 0 Kelvin has no theoretically usable heat.



