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Abstract

Solar-assisted heat pump water heater also can be utilized to recover the waste heat from an
instantaneous gas water heater, and to preheat cold water. Because of the combustion heat used
on water heating being almost compl ete, the consumption of gas fuel decreases and whole energy
efficiency increases. It the both water heaters integrate into a new one, it could supply hot water
in hybrid heat sources with most energy efficiency at those places with low temperature or low
solar incident. In spite low temperature the preheat water owns a bit of heat, about one-tenth of
the hot water has supplied by the instantaneous gas water heater. According to lots of experiments
the percentages of gas fuel saving were about from ten to twenty. This plan concerned the
integration of the two different type water heaters. Once the evaporator had been modified, the
heat pump subsystem could be maintained in stable while the gas fuel was burning at least
thirteen minutes. This result implied the new type water heater is stable and trustable.

Keywords:. heat pump, gas water heater, energy recover.
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I ntegration of Solar Heat Pump and | nstantaneous Gas Water Heater
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1 Introduction

Since 1997 the integrated solar assisted heat
pump (ISAHP) water heater has been built, it’s
the cheapest model for a whole year compared
with the flat-plat solar one, the electric one,
and the gas-fired one. Its ingtallation has less
restriction than the traditional solar one, but its
heating timeis still too long.

One of its new developments was to integrate
an instantaneous gas water heater, as shown in
Figure 1. While the stored water is not hot
enough to afford user’s demand, the
instantaneous gas water heater lights up, at the
meantime the waste heat in flue is recovered
by the heat pump and turn to preheat cold
water. Thus the user could have continuous
twenty-four hours hot water supply at a lower
level cost.

As you can see that how much does the heat
contained in flue decide the capacity of the
heat pump. But the solar energy that the
collector/evaporator can absorb is another
consideration when a system is designed. The
dilemma could cause a serious problem while
the system is operating.

refrigerant
—— — | flowdirection ———

evaporater
L
7': - T—7 ),
| .

/—1 flue out \—\
expansionj%

) vave

heat exchanger ] T

solar collector

gas combustion chamber warm| —f

T _J K
hot water out cold water in
gas/ air mixture flow in

Figure 1. The integrated system.

2 Method

Capacity of the heat pump that can satisfy both
the demands of incident solar energy and waste
heat in flue is a key point for a successful
design. Refer to the success of the ISAHP a
heat supply with 500 kW is suggested.

A Rankine cycle was set up to collect solar
energy, recover the waste flue heat, and change
water from cold to hot at the condenser. It
adopted a hermetic reciprocating compressor, a
condenser, a constant pressure expansion valve,
and a flooding type evaporator to form a 500
kW of refrigeration capacity system. High and
low pressures of Rankine cycle were
monitored with pressure gauges. Temperatures
were measured with four T type thermocouples
at the suction and discharge of the compressor,
upstream and downstream of the expansion
valve and were recorded with TESTO T177
datalogger.

Cold water circulated from a 200 liters tank to
the condenser in 18 c.c. per second driven by a
pump. Thermocouples were set up to monitor
and record the temperatures at the waterside
inlet and outlet of the condenser, and the mean
one of the tank.

Two DC fans 12 cm in diameter is placed next
to the evaporator. A power supply drove them
in 12 volts to make a forced convection that
waste gas in flue was sucked and passed
through the evaporator. Wind speed and
temperature were both recorded. The waste gas
was monitored using a flue gas analyzer,
TESTO MX325. Liquid fuel consumption was
also measured with aweight scale.

Compressor consumed electric power to start
and run the Rankine cycle. A PROVA MW-01
power analyzer datalogger recorded current,
voltage, phase angle, power and accumulated
work.



3 Results

The ISAHP water heater has no particular
problem, but the evaporator of fin-tube type
caused a serious problem. Because refrigerant
flow in the serpent tube of the evaporator
caused nonhomogeneous evaporation, overheat
at the suction line of the compressor increased
gradually, when the instantaneous gas water
heater was ignited. The waste heat in flue was
still abundant so that the evaporator did not
absorb it completely. The refrigerant reached
quickly a superheated state 20°C higher than
saturated temperature. At that moment fuel
supply must be stopped right away because no
sign showed increasing of overheat will stop.
This dangerous condition was caused due to a
wrong evaporator.

The efficiency of the instantaneous gas water
heater is between 65% and 75%, shown in
Figure 2. Experiments data are listed in Table
1. The residue of heat in flue, range from 3.17
kW to 4.17 kW, seems too huge, comparing to
refrigeration capacity of the Rankine cycle.
But the incident solar energy is about 1 kW/m?
in average. Therefore, it is not possible to find
a solution only changing a big evaporator.
Finding another one with different type is
suggested.

A flooding type evaporator was replace of a
fin-tube one to protect the compressor. After it
was replaced, the problem of non-stop
overheat has been solved. This modification
made the Rankine cycle can run 15 minutes at
east without any damages and without overheat
while the gas was burning.

The new integration system can sustain fifteen
minutes operation. The piece of time is enough
for most people when they take a shower.
During this time the heat pump changes it heat
source from solar assisted or ar source to
waste heat in flue. Because a large difference
in intensity, equilibrium state of Rankine cycle
shifted from lower pressure to higher pressure.

Testing results are listed in Table 2. The
variation proceedings of the Rankine cycle and
the water temperatures are stable, as shown in
Figure 3 and 4. The sharps of temperature
variations are fortunate similar to a RC circuit.
This phenomenon implies that Rankine cycleis
approaching a new equilibrium state. System
could be stable again. No temperature of the

Rankine cycleis exceeding 60°C when the fuel
is burning.

While the instantaneous gas water heater was
producing 42 liters of hot water from 28°C to
62.3°C, at the same time, 200 liters condensing
water raised 1.5°C. The preheat energy is
about 20 percent of the former.

The temperature of waste gas in flue was about
180°C. The same air passed through the
evaporator and left below 50°C. It lost energy
alot. This implies that most of the waste heat
has been recovered by the evaporator. In
further if we compared these temperatures with
the ambient temperature, the fuel combustion
energy amost was in use. In other words,
system has a high EF.

I nstantaneous Gas Water Heater
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Figure 2. Test results of the instantaneous gas
water heater.

4 Conclusions

The feasibility of integrating a solar heat pump
and an instantaneous gas water heater has been
proved. Flooding type evaporator is suggested.
The instantaneous gas water heater can keep
running 15 minutes at least in safe mode. This
period could be enough for a hot water demand
by user. High value of energy factor can be
seen because the flue gas exited at 50°C. Those
successful tests show 10 to 20 percent of gas
fuel could be save.
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Table1l Test resultsof theinstantaneous gas water heater.

Water Air Flowrate Combustion Wat_er Efficiency of Heat in Flue

Inlet |Outlet | Room| Flue | Water | Fuel Heat Heating |Water Heater

‘C ‘C ‘C ‘C kg/s kg/s kW kW % kW
195 | 754 | 221 |165.1 | 0.0335 |2.33E-04| 11.68 7.85 67.16 3.84
193 | 744 | 222 | 166.8 | 0.0344 |2.41E-04| 12.06 7.93 65.78 413
19.2 | 73.7 | 22.1 | 166.8 | 0.0334 (2.35E-04| 11.77 7.62 64.78 414
195 | 755 | 22.3 | 166.8 | 0.0338 |2.27E-04| 11.36 7.92 69.70 3.44
19.1 | 883 | 22.6 | 184.0 | 0.0335 |2.82E-04| 14.14 9.71 68.70 4.43
199 | 88.6 | 229 |184.8| 0.0344 2.71E-04| 13.57 9.89 72.89 3.68
199 | 884 | 229 |185.1| 0.0334 |2.71E-04] 13.57 9.58 70.61 3.99
19.8 | 88.7 | 229 | 185.7 | 0.0338 |2.58E-04] 12.92 9.74 75.42 3.17
Table 2. Instantaneous gas water heater lights up.

Refrigerant Temperature Condenser Cooling V\|/_| act):ar Compressor
No,| Time SuctiorJDischargeCondmseJExpansion \ll\:]?t;r \(/)Vuatﬁ Tank | £ e | POWEr
C C C C C C C C w

1 16:00:39 245 | 459 36.3 26.7 36.7 | 404 36.8 59.2 370
2 16:01:39 280 | 49.3 40.3 29.0 371 | 411 37.1 61.5 358
3 16:02:39 29.0 | 50.2 414 30.0 373 | 421 37.2 63.1 364
4 16:03:39 294 | 50.6 42.1 30.4 37.7 | 429 37.1 64.4 368
51]16:04:39 29.8 | 51.1 42.8 30.8 374 | 430 36.7 63.9 371
6 [16:05:39 30.1 | 515 434 31.0 371 | 436 36.6 61.4 373
7 116:06:39 304 | 51.9 43.8 31.2 36.6 | 433 36.7 60.5 377
8 [16:07:39 305 | 52.3 44.2 314 36.6 | 438 36.9 63.4 379
9 |16:08:39 30.7 | 52.6 44.6 315 376 | 451 37.1 63.9 380
10(16:09:39 30.9 | 52.8 44.9 31.6 366 | 444 35.9 62.0 382
1116:10:39 31.0 | 53.1 45.2 31.9 376 | 455 36.7 61.8 385
12(16:11:39 31.1 | 533 45.3 31.9 370 | 453 37.7 61.9 385
13(16:12:39 31.2 | 535 45.6 321 36.7 | 455 37.7 61.9 385
1416:13:39 31.2 | 53.7 45.7 319 374 | 46.0 38.3 62.5 389
1516:14:39 31.3 | 535 45.6 320 36.7 | 453 37.7 63.3 391
16(16:15:39 31.3 | 53.9 46.0 321 370 | 458 384 61.5 386
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1 Introduction

The integration of a solar heat pump water
heater and an instantaneous gas water heater was
proposed, built, and tested. Its success could
create a new system that provides continuous
twenty-four hours hot water supply at a lower
level cost.

In spite of a high COP of the solar heat pump
water heater, the stored water is not always hot
enough to afford user’s requests. While the
situation occurs, the instantaneous gas water
heater is light up. Meanwhile, some heat is
recovered from the waste flue via the heat pump
to preheat cold water.

A brief schematic of the new model is shown in
Figure 1. Water flow first passes through the
condenser then the instantaneous gas water
heater, which is next to the solar heat pump
water heater. Most combustion heat of gas fuel
is exchanged to water directly. Some remaining
heat is recovered at the exit of the flue by an
additional evaporator of the heat pump. Heat
pump preheats cold water at the condenser using
the recovered heat and electrical work. Thus the
fuel combustion heat is almost in use. Energy
Factor (hereafter, EF) of the system could be
enhanced.
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| flow direction  —

|
7 "

;

expansion)

/—1 flue out
vave

J;J il
—

gas combustion chamber ‘ warm

1 water -
L condenser

evaporater
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n

T _J
hot water out cold water in

gas/ air mixture flow in

Figure 1. The integrated system.

A water heater’s EF is defined as the ratio of
energy gained to total energy input, as below.

__water - heating energy

: 1
total energy input

After building a prototype, experimenta tests
have shown its feasbility, however we still
concern how much EF could it achieve, especial
compared with other traditional domestic hot
water heaters.

2 Methods

Clear drawing of energy flows in this system, as
shown in Figure 2, indicates the feasibility when
the instantaneous gas water heater is light up.

Releasing heat as gas fuel burning in the
instantaneous gas water heater is named
combustion heat, labeled as Q. pusion - AS We

known, more than half of it is transferred to
water at the boiler, labeled as Q. , remaining

heat is called the residue heat, labeled as Qe -
Equation (2) expresses the energy conservation.

Qoombustion = Qboiler + Qr&sidue' (2)

An efficiency of the boiler is defined as below,
label as 7, .

— Qboiler
== ©)
Qcombusti on
Hot Flue
Water Out
Evaporator
. n
Boiler re
s
Expansion
I - \r/)alve X
Gﬁ?gug r Compressor
Condenser
(water side) . Condenser
(refrigerant side)

Cold
Water In

Figure 2. Energy flows in the system.



Because the heat pump recovers some residue
heat, label as Q,.oeeq » With the additional

evaporator, neither captured by the boiler nor by
the evaporator is real waste heat, label as Q, . -
The energy balance equation is written as below.

Qr&sidue = Qreoovered + Qwaste ' (4)

Efficiency of the evaporator, label as n,., is
defined as:

Qreoovered
. 5
Qres'due ( )

Mre =

Since the heat pump connects the flue and water
flow, it can preheat the entering cold water with

its driving energy, label as W, , and its

recovered energy. We got thus the energy
conservation eguation as below.

Qpreheat = Qrecovered +Wcomp . (6)

The COP of heat pump is defined as:

COP = —?’fve“yded . @
comp

As mentioned water flow first passes through the
condenser, then the boiler, we can express the
water heating energy in Egn. (1) as the sum of
condensation heat and boiling heat, calculated as
below.

Qwater = Qpreheat + Qboiler . (8)
Preheating term on the right hand side of Eqgn. (8)
is an additiona term, comparing with a
traditional instantaneous gas water heater. So we
define a contribution ratio, labeled as g, as the
first term to the second term.

p= —%"”*“ea‘ . (9)
boiler

The total energy input in Egn. (1) consists of
electric work and gas fuel burning hest. So the
EF of this new model is rewritten as below.

EF = e : (10)
Qcombustion +Wcomp

Substituting from Egn. (2) to (9) into Egn. (10),
afunction was derived as below.

- :(ﬁ +1][ (COP+1) -nre
B N\ COP+nre+nre(COP+1)/p

J (11)

This function can be used to predict the EF when
an engineer designs a water heater such like the
new model.

In the system there are four dominated elements,
boiler, additional evaporator, condenser, and the
heat pump. Their cooperation decides the EF of
whole system when the gas fuel is burning. In
which the condenser and the boiler are combined
into a contribution factor.

3 Results

EF is a good indicator of efficiency for a
domestic hot water heater and helps us to know
its economic affect. Egn. (11) can be applied to
predict the EF. For the detail inspection of the
derived formula its overall chart was plotted and
shown as figure 3. This chart gives us the trend
of the performance when we are choosing
elements.

How about the performance of the new type
water heater with hybrid heat resources? For
example, a conventional gas water heater with
an EF equa 0.7 has 30 percent of combustion
heat that can be recovered, if it isretrofitted by a
solar heat pump. Suppose an evaporator with 70
percent efficiency is adopted, only 9 percent of
combustion heat is logt. If the heat pump has
COP equal 3, that means compression work
equal 7 percent of combustion heat must be
included when EF is evaluated. So the tota EF
is0.91 (=(0.91+0.07)/(1+0.07)). We can find out
the same value from chart 3 using contribution
ratio of 0.4 (=0.28/0.7), COP of 3, and itaof 0.7.

The EF in this example has an enhancement of
1.31 times of the original one and is approaching
the electrical resistance type, arange from 0.7 to
0.95. Nevertheless, thermal efficiency of
electrical power plant is merely around 0.3. So
this new hybrid heat sources water heater can
save significant fuel consumption. Enhancement
value is estimated based on the gas water
heater’s EF.

Generally speaking, traditional gas water heaters
have EFs between 0.5 and 0.6, maybe around



0.8 for some high efficiency models. Qil type
ones are from 0.7 to 0.85. Heat pump types are
from 1.5t0 2.0.

Given a glance at chart 3, the overall EF is 0.82
at least. It may occur for a poor gas water heater
with EF equal 0.5, retrofitted with a good hest
pump, COP=3, and a 70 % of recovered waste
heat. Enhancement of EF is 1.64 times of the
original one.

Enhancement of EF is due to the contributions
of the heat pump and the recovered waste energy
from flue. Modified EF is approaching to one an
electric hot water heater owned.

In fact, according to the experimental data a
pioneering prototype that a typical gas water
heater, EF equa 0.7, is retrofitted with a heat
pump has an enhancement of EF to 0.84.

Viewing the chart 3, we can understand the most
significant role is evaporator because the EF
decreases so big when a poor one is applied.
Typica efficiencies of evaporators are from 0.7
to 0.9. A higher heat transfer efficiency of
evaporator is suggested of course, for instance
Mre=0.9.

The lines of high COP heat pumps are at the | eft
of low COP ones because tiny compression
work is needed. This causes a small contribution
ratio. Fortunate, the variation of EF due to the
performance of heat pump seems small that we
need not take care of it so much. This point is
very important because the heat pump changes
mode from solar operation to waste flue heat
operation.

The heating process is not a steady state when
the instantaneous gas water heater lights up. It’s
worth to mention that Rankine cycle will be
tuning automatically during the operation if
system has enough capacity to afford the
demand for mass flow rate of refrigerant.

4 Conclusions

The performance of an ISAHP (integrated solar
assisted heat pump) can be looked up in
academic papers, nevertheless, in this paper the
thermodynamic analysis till gives us the EF
prediction for the new system, while the hybrid
heat resources are running at the same time. This
helps us to know its economic affect.

The overview of system’s EF tells usthat:
1.most of available energy isreally in use,
2.agood evaporator should be adopted,

3.the COP of the heat pump is not significant,
as concluded.
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