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Abstract

This paper aims to develop the footplate for shadvain water heat recovery to capture
the waste heat from the used hot shower watemdogss, the used hot shower water is
collected in a water tank and the cold water islgdiinto the pipe of the heat exchange
device of piping tablet immersed in the water téotkheat exchanging. The heated cold
water is further mixed with hot water as hot showeter, so that the required hot
shower water rate is reduced and the energy cortsumgiso reduced. The results show
that employing one heat exchange device of pipaidet immersed into the ca. 486
water tank of 60 cnx 60 cmx 15 cmand the cold water with flow rate of 2 I/min got
the heat exchange efficiency of ca. 44.34 %. Mogeaysing three heat exchange device
of piping tablet received the average heat exchafijgency of ca. 94.21 % and the
average heat transfer effectiveneys(as ca. 0.94.

1. Introduction

Recently, the natural resources of energy are biegprare and the waste energy is
paid attention in the world. There are plenty afdgts focusing on higher efficiency,
newer, and new kind of energy sources [1-4]. Howelrew to save waste energy in
daily life is the most important issue. Most typigavaste energy transfer to be heat and
the reference had proposed that the historicalevhstt in the last 120 years was
approximately 15,000 EJ. If all of this heat was@bed into the atmosphere, the global
air temperature would increase to ca. 2.856 K [Hjerefore, waste heat can be
recovered and reused to reduce energy loss anddgaum occurrence of the Green
House Effect.

The recoverable heat energy is paid attention tBcegLg. geothermal energy is
available heat energy. The ground coupled heat puf@TCHP) systems has been
studied around world [6-8]. The GCHP systems argeli alternative to traditional
systems for heating and cooling of building. Thstesns supply considerable savings of
the primary non-renewable energy resources whilddifgp the surrounding
environment. Moreover, the GCHP systems have bgetlighted as an efficient
heating system for reducing G@missions and great potentials.

The recovery technology of heat energy is mainhalheat exchange device. In
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process, the medium of heat exchange is most iport
that usually supply the heat pipe as the mediurat Hipe is e= Q. (1)
a passive cooling device with extremely large therm Qnax

conductivity. It is one of the most reliable, withood
efficiency, low cost, and high performance coolalgments
[9, 10]. In fact, the heat pipe also usually is lagap in
building of heat recovery systems and recoverahbrgy
[11]. Moreover, the optimum efficiency has studiedh lot
of research.

According to the reference which proposed the most
amount of used heated water when showering, ttengeaf
amount of used heated water in kitchen. Howevee, th
differences resident cause the total amount useddter ca.
89-506 L every day and the energy consumption abo

Where Q is actual heat transfer amount a@g,, is
maximum heat transfer amount. And

Q = rnccc (Tc,out _Tc,in) (2)
Q = IfnmC:h (Th,out _Th,in) (3)

Wherem, andmy, is fluid quality of cold water and hot

ater, C. and C;, is specific heat of cold water and hot
water,T¢ ., andT¢ ;,, is hot water temperature of outlet and
H1tlet, T¢ our andTy ;, is cold water temperature of outlet and

6.5-16.9MJ [12]. The waste heat energy in the dveiter
can completely be recovered, that can effectivayes
energy.

In 2013, A. Mcnabola et al. proposed a system,ndrai

water heat recovery (DWHR). The system compriseOat

inlet. Maximum heat transfer amoupy,,,,. in terms of Eq.

(4).

Qmax = Cmin(Thin _Tc in)

(4)

mm diameter PVC waste water plpe with a 12.7 mm Cmax is compare of amount which is lower betww]

diameter copper water supply pipe running throughile
clean cold water flow into the inner of copper piat
starting to heat exchange with heated drain wattsiade the
cooper pipe. Moreover, this paper using ANSY'S saferto
build and analyze the model of DWHR, the resultvsitioe
heat transfer effectiveness was increased 45%, haad
exchange efficiency was increased over 50% [13].

In the large public system of showering, e.g. sthoo

barrack, and swimming pool with more waste heatgne
which can be recovered. In 2009, L. Liu et al. psgd a
device of recovery waste heat in public showerithgt
system consists of solar collection, drainage ctila, and
heat recovery system [14]. However, this systetoddarge,
difficult installation, and high costs.

This paper aims to develop the footplate for wamat
recovery from used hot shower water. In processhef
waste heat recovery, first of all, the used hotrsrovater is
collected in to water tank. Secondly, the cold wetguided
into pipe of the heat exchange device of pipingletab
immersed in the water tank for heat exchangingnTeated
cold water is further mixed with hot water as hbower
water. Finally, the required hot shower water duaed and
the energy consumption is also reduced. This devas
more advantages with small
removable, easily placed, convenience, marketgpidind
size can be customized.

2. Basic Theory
2.1. Effectiveness-NTU Method

occupied space, easily

timesC, andm,, timescC,,.
2.2. Heat Recovery System in Design

According to ideal gas equation, the relationstéeen
temperature and density is inversely. The highep&rature
of water owns lower density. In other words, thghleir
temperature of drain water located at the top difection
tank. Therefore, this paper designed a square waidy;
which applied the above mentioned relationshipriit the
hotter waste water in the top of water tank. Moexp¥he
heat exchange device of piping tablet to limit Weste hot
water of flow direction. Figure. 1 shows the wasbé water
is flow into water tank that is contact the heathlange
device of piping tablet from top to bottom, thatingprove
heat exchange efficiency and heat transfer effentss.
Due to the heat exchange rate is increased whaen cield
water flow into the heat exchange device of pipiailet
from bottom to top.

-,

¢

Big Drainage Hole

[ =)
Hot Water ' : |
Cold Water 1 ;——’A;_ |

Small Drainage Hole Ill

Outflow of Cold Water

Fig 1. Schematic illustration the relationship between temperature of drain
water and tank height.

According to figure. 1, the big and small drain&gées is

In 1955, W. M. Kays and A. L. London proposeddesigned in the water tank of right side by coneegipes

effectiveness-NTU method which actually simplifyaiysis
of heat exchange [15]. The heat transfer effectgsrg) is

principle, and the small drainage holes of floverast much
smaller than the big one. The small drainage et at the
bottom position of drain water collection tank,tthauld be
avoid health problems and environmental humiditse ri
when end shower. The big drainage hole is desigoed
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control water level of water tank that is incredseat
exchange efficiency by immersing mode.

3. Experimental Setup o
Controlling _—
Figure. 2 shows flow chart of waste heat recovémsy t Water Yalve b
footplate for waste heat recovery. Figure. 3 shestematic —
illustration of application of the footplate for sia heat Boa Hchenge :>/W
recovery. This experimental assume the footplate & Deviee of Piping Tablet - 0
placed at shower room. Person can stand on theléet 4
when start shower, the waste hot water is flowimtg ithe
water tank within the footplate. Water Tank @Q -
Drainage Holes
— G
Fig 4. Exploded diagram of the footplate for waste heat recovery.
| ¥
e Vavle - 3.1. Heat Exchange Device of Piping Tablet
i The heat exchange device of piping tablet with flow
Tt channel was designed dimension ofd¥ = 4 x 1.5 cm?
j | with rectangular cross section geometry and theadufit
WaterTook QT > :ﬂ“‘.“‘;‘;’,‘!‘ idd diameter is 20 mm. Moreover, to improve the heaharge
iy et b efficiency, the flowing channel was welded as Sehd he
i innovation design of S shape flow channel owns long

channel travel distance in a limited area of heahanger
Fig 2. Flow chart of waste heat recovery. plate. Figure. 5 shows schematic illustration of tieat
exchange device of piping tablet.

Qutlet of Water

Inlet of Water

S Type Flowing Channel
Fig 5. Schematic illustration of the heat exchange device of piping tablet.

The heat exchange device of piping tablet is mage b
using galvanized sheet steel, owns excellent cteratics
of without rusty, low cost, and high heat transf&igure.6
shows welding process of the heat exchange def/jupiog
tablet and figure.7 shows photo of the heat exchalayice
of piping tablet.

Fig 3. Schematic illustration of application of the footplate for waste heat
recovery.

Figure. 4 shows exploding diagram of the footpliate
waste heat recovery that consists of the footpittep cover,
controlling water valve, heat exchange device gfing
tablet, water tank, and drainage holes. The fotepid top
cover is designed a little of slope that can comysedte hot
water flow to the inlet of water tank. This inldtwater tank
is devised filter to avoid hair and trash flowingd. This
device has many advantages such as convenientirgigan
easy maintenance, and high efficiency, etc.

Fig 6. Welding process of the heat exchange device of piping tablet.
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Fig 7. Photo of the heat exchange device of piping tablet.
3.2. Controlling Water Valve

In this experiment, the footplate for shower draiater

92

4. Results and Discussion

Figure. 10 shows the average heat exchange efficiisn
44.34% under a heat exchange device of piping ttable
average temperature of inlet cold water, outletl cghter,
and waste shower drain water is about 23.81°C, and
40.6°C respectively. The result shows average heat gansf
effectiveness€) is 0.44 under a heat exchange device of
piping tablet.

Figure. 11 shows the average heat exchange efficisn
84.2% with two heat exchange device of piping tabilae
average temperature of inlet cold water is aboutC23
average temperature of outlet cold water is abéuf@, and
average temperature of waste shower drain wafes.%C.

heat recovery is experimentally in conjunction withThe result shows average heat transfer effectige(@ss

controlling water valve. Figure.
illustration of the controlling water valve. Therntmlling
water valve has three valve, control clean coldewéibw
into the heat exchange device of piping tablet at; the
control clean cold water flow into the faucet ot,remd the
control the heated cold water from the heat exchalayice
of piping tablet flow into the faucet or not respeely.

Outlet of
Shower Water

Inlet of
Cold Water

Valve Close

Faucet

Inlet of
Hot Water

Cold Water Flow Into
Heat Exchange

Device of Piping Tablet Heated Cold Water Flow

Into PIpe

Fig 8. Schematic illustration of the controlling water valve.

Moreover, this experimental employed a flowing méde
measure the fluid quality of cold water flow intoet heat
exchange device of piping tablet to calculate tleath
transfer effectiveness. According to experimerdalits, the
fluid quality of cold water and hot water are alBd/min.
Figure. 9 shows photo of the controlling water ealv

Outlet of
Shower Water |
=
Hot Water J |
1] Flow Into ISR S S
e ’ = A
Cold Water Flow Into

Heat Exchange
Device of Piping Tablet

Cold Wates
[Vave Open | D2l

ST i
Heated Cold
‘Water Flow Into PIpe

Flowing Meter

Fig 9. Photo shows the controlling water valve.

8 shows schemati®.84 with two heat exchange device of piping tablet

Figure. 12 shows the average heat exchange efficiisn
94.21% by using three heat exchange device of gijgiblet.
The average temperature of inlet cold water, cebuild
water, and waste shower drain water is abof€,237.2C,
and 38.EC respectively. The result shows average heat
transfer effectivenessg() is 0.94 by using three heat
exchange device of piping tablet.

A Haet Exchange Device
of Piping Tablet —8—Temperature of Waste Hot Water
42

—&—Temperature of Inlet of Hot Water
j Efficiency 44.37% —h—Temperature of Inlet of Cold Water
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Fig 10. Heat exchange efficiency of a heat exchange device of piping tablet.

Two Haet Exchange Device
of Piping Tablet
42
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Fig 11. Heat exchange efficiency of two heat exchange device of piping
tablet.
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Figure. 13 shows the heat exchange efficiency aal h efficiency and average heat transfer effectivengssis

transfer effectiveness with one, two and three Bralhange
device of piping tablet. The results show thatttiree heat
exchange device of piping tablet has higher heahaxge
efficiency and heat transfer effectiveness than enéwo

heat exchange device of piping tablet.

Three Haet Exchange Device
of Piping Tablet
42

—8—Temperature of Waste Hot Water
—e—Temperature of Inlet of Hot Water
—a&—Temperature of Inlet of Cold Water

40 4 Effidency 94.21%
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Fig 12. Heat exchange efficiency of three heat exchange device of piping

tablet.

— A~ Average Heat Exchange Efficency
— M — Average Heat Transfer Effectiveness 4
T T v

9421% < ‘.

Average Heat Exchange Efficiency(%0)
Average Heat Transfer Effectiveness

T T T

one two three

Amount of Heat Exchange Device of Piping Tablet

Fig 13. Heat exchange efficiency and heat transfer effectivenessinfluenced
by different amount heat exchange devices of piping tablet.

According to the results of figure. 13, the heansfer
efficiency reaches to 94.21% with good performaBased

on the devices cost and energy consumption, Wetdorf’n

consider more than three heat transfer devicepifigitablet.
Therefore, by using the three exchange device pihgi
tablet is optimal designed parameter in this study.

5. Conclusions

Design, setup theoretical analysis, and measurenoéiat
footplate for waste heat recovery from shower draater
was successfully carried out. The results show that
average heat transfer efficiency of device are4#.,34.2%,
and 94.21%, and the average heat transfer effeetbsg)
of devices are 0.44, 0.84, and 0.94 of differenbamh of
exchange device of piping tablet with one, two &mcbe
respectively. In this work, the best average heatsfer

94.21% and 0.94 under three exchange device ohgipi
tablet. Summarizing experimental results, assurfaraly
with 4 people and the total shower time is 60 neésuwith
hot shower water about 40 The innovation design of
footplate with three heat exchange device of piilage for
waste shower drain water heat recovery can savg 4lR87
kWh. To estimate the construction price, the tgtdlb not
over 500 USD. The innovation design is cheap, cbablg,
easy to setup, and friendly green energy.
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