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Objective
This project assesses a novel means to recycle hot water, for both domestic and indudtrid
Stuations and thereby conserve energy.

Rationale

This is an investigation of a new plumbing product, the gravity flm exchanger (GFX),
developed to recycle the enormous amount of energy caried by hot dran water from
resdentid and indudtrid Stuations. The GFX acts as a comfort boogter that increases the
ability of a water heeter to meet hot water requirements without increasing the sze of an
exiging water heeter.

Aswater fals down avertical section of drain pipe, it dings to the inner surface in avery thin
film. The heat from this film is efficiently transferred to the cold water thet circulates around
the device on the outside of the drain pipe. The GFX raises the temperature of incoming cold
water by recycling free heat from waste water going down the drain.  Approximately 80% to
90% of dl hot water energy goes down the drain, dlowing the GFX to recycle as much as 60-
70% of wasted heat. The more hot water used, the greater the saving.

The GFX unit can be fitted into a resdentid drain water system to effectively conduct waste
water heat from avariety of sources. Preheated water may be supplied to the entire house, or
fed to only the weter hegter and/or the cold weter input of a shower.

Asareault of the smple design, the device has severd important fegtures.

Inexpensve
Easy to ingdll
Short pay-back period

Thisinvestigation assesses the capabilities of the GFX system.

The Test Facility

To asess the GFX system, a test fadility was condructed (Figure 1). This dlowed a
measured amount of weter to be heated to a known temperature and then released through
the drain water dde of the heat exchanger under controlled conditions. Equdly, the
temperature and flow rate of the water to be hested (mains water) was dso known.

Using this sysem, sets of results have been obtained for different operating conditions
induding different input temperatures and flow rates. Two flow rates were chosen and the
lower flow rate represents a typicad domestic gpplication. The experimental parameters are
shownin Teble 1.

Results

Figure 2 demondrates the test circuit operating a 50°C inlet water temperature. Thiswasthe
initid condition chosen to evduate the test facility. The use of cold water on the input sde
means that the GFX will dways gart from about 11°C+1°C. Therefore the GFX requires a
“settling time”’ of 1-1.5 minutes before a Seady output is obtained. Oncethisis achieved, the
deady date condition will reman until the weter flow rate from the heat source reduces.

Having anadlysed the performance of the hest exchanger under this initid condition and



established the gppropriate levels of control and ingrumentation the following range of tests
wascarried out.

The tedt results are illudrated in Figures 3 to 6. These highlight both the hot and cold water
inputs and outputs for configurations a and d of Table 1. These two conditions are the
maximum and minimum conditions chosen for the expeiment, with configuration d
goproximeting aresdentia shower gpplication

For both experimental configurations, results show an incresse in temperature difference
between the cold input stream and cold output stream over the full range of operating
temperatures chosen. These results are trandated into recovered hest vaues of 60%+2% at
the minimum test conditions (d) while a the maximum test conditions, value of hegt recovered
was seen to be 75%+£2% of the waste hedt ().

The greater volume of water for condition (a) was not affected by the air temperature within
the GFX to the same extent as condition (d), dlowing the metd wals to fully het.
Convearsdy, a very low flow rates, it has been noted that the fdling film was not fully
developed and therefore cold spots were created in the heat exchanger. Further results are
presented in Table 2, illudrating the typicd recorded temperature vaues for different flow
rates.

To demondirate the possible energy savings of a unit, vauesin kWh for the four conditions, a
- d, have been cdculated and results are shown in Figures 7 to 10. The results illustrate four
time periods, 2, 4, 6 and 8 minutes and the possible daily savings that maybe gained through
using the GFX system. These vaues can be trandaed into a yearly cost saving using an
eectricity unit price of £0.1 as an example and assuming thet the water is ectricaly hested
a 100% converson efficiency. The results, in Figures 11 to 14 are for atime period of one
year for the two extreme conditions, illustrating the saving for different daily amounts of use (2
minutes — 8 hours).

Conclusion

GFX has the ahility to recover between 60%- 75% of hest from waste water, the system can
provide savings even for a2 minute shower over aone year period. From operating the GFX,
it has demondrated an ability to recover heat under controlled conditions. In ared application,
the GFX will be affected by externd conditions, hegting and cooling the cylinder, dso, the
inner GFX ar temperature will dter the heat trandfer and will affect the input water
temperature.  Therefore, it is recommended that an insulated covering of the device will
improve operdion. Also, contaminants or particulaes in the water eg. soap ec., will dso
dter the heat trandfer conditions. However due to the smooth inner tube, the possibility of the
build up of contaminates will be reduced, but as with any household/indugtrid waste water
pipe, some form of build up is possble



Configuration Cold Water Inlet (I/s) Hot Water Inlet (I/9)
a 0.18518 0.3125
b 0.18518 0.158
c 0156 0.3125
d 0156 0158
Table1 — Chosen Operating Conditions
Hotin = 35°C Hotin = 45°C Hotin =55°C
Coaldin=10°C Coaldin=10°C Coaldin=10°C
Tempdiff | Tempdiff | Tempdiff | Tempdiff | Tempdiff | Tempdiff
FlowRate | Hot Cold Hot Cold Hot Cold
A
H=03125 |8C 16°C 11°C 22°C 13°C 32°C
C=0.1851
B
H=0.145 13°C 10°C 17°C 16°C 21°C 22°C
C=0.1851
C
H=03125 |8C 17°C 11°C 25°C 13°C 32°C
C=015%6
D
H=0.145 14°C 11°C 18°C 17°C 22°C 23°C
C=01%6

Table 2 — Temperature Differences
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Figurel. GFX Test Fadility
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Figure2. Typica Performance of GFX a 50°C Drain Weter Inlet Temperature.
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Figure 3. Higher How Rate Performance of GFX (Configuration a).
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Figure 4. Percentage Recovered Heet @ the Higher FHow Rate (Configuration a).
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Figure 5. Lower How Rae GFX Performance (Configuration d).
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Figure 6. Percentage Recovered Heet at the Lower Flow Rate (Configuration d)
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Figure 7. Energy Savings over time for Configuration a



kWh - Config. B.
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FHgure 8. Energy Savings over timefor Configuraion b.
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Figure 9. Energy Savings over time for Configuration c.
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Fgure 10. Energy Savings over time for Configuration d.




Config. A, Saving per Year (£0.1 per Kwh)
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Fgure 11.

Estimated Savings for High How Rate, Low Use Application.

Config. A, Saving per Year (£0.1per Kwh)
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Fgure 12.

Edimated Savings for High How Rate, High Use Application.

Config. D, Saving per Year (£0.1 per Kwh)
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Figure 13. Edimated Savings for Low How Rate, Low Use Application.
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Config. D, Saving per Year (£0.1 per Kwh)
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Fgure 14. Edimated Savingsfor Low How Rate, High Use Application.
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