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The high-temperature heat pump, as a low-carbonization technology, has broad application prospects in replacing

boiler heating, reducing carbon dioxide emissions, and improving the energy utilization efficiency.

high-temperature heat pump working fluid cycle process hybrid heat pump

| 1. Introduction

At present, the large-scale use of fossil fuels in the industrial development of the world leads to the excessive
emission of greenhouse gases, which continuously enhances the greenhouse effect, thus triggering the
increasingly serious problem of global climate change. It has become a global consensus to control carbon dioxide
emissions to slow down global warming. In 2021, China’s total energy consumption was 5.24 billion tons of
standard coal, of which coal consumption accounted for 56%, oil consumption accounted for 18.5%, and natural
gas consumption accounted for 8.9% W. In order to deal with the problem of global warming, China has put forward

the goals of “achieving carbon peak before 2030 and carbon neutrality before 2060” [,

The heat pump is an efficient energy conversion device driven by electricity or heat energy, which has great
application potential in the context of low-carbon electricity in the future Bl. With the vigorous development of
renewable electricity, carbon dioxide emissions in the power industry are decreasing year by year, and heat pumps
for heating are more environmentally friendly and efficient than traditional coal or gas heating. In addition, heat
pump technology, especially high-temperature heat pumps (>100 °C), has been widely used in central heating,
industrial waste heat recovery, energy storage, and other related fields. In order to meet the requirements of
carbon-neutral heating, it is particularly important to study the performance of high-temperature heat pumps in the

high-temperature field above 100 °C.

| 2. Compression Heat Pump

The compression heat pump has become a widely used heat pump because of its simple structure and stable
performance. Compression heat pumps consume electric energy to produce high-temperature heat, which is
mainly divided into single-stage compression, double-stage compression, and cascade compression. COP is a key
parameter to evaluate cycle performance. In the compression cycle, COP is defined as the ratio of heat production

to compressor power consumption.

https://encyclopedia.pub/entry/49517 1/9



Cycle Process of High-Temperature Heat Pump | Encyclopedia.pub

2.1. Single-Stage Compression Heat Pump

The single-stage compression heat pump system is simple in form, as shown in Figure 1a. Many scholars have

studied the selection of a working fluid and the optimization of the circulation structure.

Yan [ proposed a clean and flexible steam generation system using an air source heat pump and steam
compressor. The key design parameters and simulation performance of the system were evaluated and optimized
through MATLAB simulation, and a prototype was built for experimental performance evaluation. When the steam
temperature at the outlet of the heat pump was above 110 °C, the average boiler efficiency of the system was
above 170%, and the economy was best when the operation cycle was more than 3 years. The flow chart of
different forms of single-stage compression cycles is shown in Figure 1. Luo B studied single-stage high-
temperature heat pumps using expanders (EXs), ejectors (EES), internal heat exchangers (IHXs), and various
refrigerants (R245fa, R600, R600a, and R1234ze(z)) for higher performance and lower cost. The results showed
that the COP of heat pumps with EXs, EEs, and IHXs improved by 10-18%, 8-14%, and 3-5%, respectively.
Malyshev 8 revealed the relationship between individual component parameters and the overall characteristics of
the heat pump (HP), which depends on the effect of condensing temperature and ambient temperature on the
efficiency of each individual component. During the operation, the maneuverability, efficiency, and losses of the
compressor, condenser, evaporator, and thermal expansion valve (TEV) were calculated. The data characterizing

the performance of the heat pump unit (HPI) and its components under different climatic conditions were obtained.
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Figure 1. Different styles of single compression heat pump cycles 2. (a) Single compression cycle, (b) Single

compression cycle with expander, (¢) Single compression cycle with IHX, (d) Single compression cycle with
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ejector.

2.2. Two-Stage Compression Heat Pump

The two-stage compression heat pump uses two compressors to obtain a higher-temperature lift, as shown in
Figure 2a, and IHX is added to the cycle to improve cycle efficiency and reduce discharging temperature, as
shown in Figure 2b [,
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Figure 2. Two-stage compression heat pump cycles. (a) Two-stage compression cycle, (b) Two-stage compression
cycle with IHX.

Wang & analyzed the effects of evaporation temperature, condensing temperature, and intermediate pressure on
the cycle performance of a two-stage compression heat pump with a heat exchanger. The thermal performance of
the high-temperature heat pump steam (HTHPS) system was mainly determined by its different cycle
configurations. The improvement of the thermal performance of the quasi-two-stage steam-compression high-
temperature heat pump based on the pre-IHX cycle and the post-IHX cycle was studied, and the influence of the
IHX cycle on the thermal performance of the heat pump was analyzed . Two-stage steam compression
technology can effectively improve the system performance, and the influence of two thermal effects on the COP
based on mathematical analysis and a numerical method was analyzed 19, Jiang [ built a general model of two-
stage vapor compression technology for performance comparison among different cycles, refrigerant selection, and
operational analysis. The model was verified by the experiment and then the sub-cooling parameter and the
evaporating and condensing pressure were calculated and analyzed among eight different inter-stage

configurations.

2.3. Cascade Heat Pump
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Compared with two-stage compression, the high-pressure stage and the low-pressure stage of the cascade heat
pump are connected through a heat exchanger, as shown in Figure 3. The COP of the cascade cycle can be

higher by selecting a suitable working fluid in different temperature intervals.
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Figure 3. Cascade compression heat pump cycle.

Ma 12 proposed a high-temperature cascade heat pump (HTCHP), which took the near-azeotropic mixing medium
BY-3 as the low-level circulating medium and R245fa as the high-level circulating medium. The temperature lift of
HTCHP could reach 100 °C and the outlet temperature of the condensing unit could reach 142 °C. Kim 13
conducted experimental research and numerical simulation on the optimal intermediate temperature of a cascade
heat pump system. When the inlet temperature is higher and the ambient temperature is lower, the system
performance decreases and the corresponding optimal intermediate temperature increases. The numerical
optimization of the intermediate temperature can better predict the experimental data. Kim 24! took the cascade
cycle used by a water heater heat pump as the research object to verify the influence of rising water temperature
on pressure and performance changes, studied the optimal intermediate temperature of the cascade cycle relative

to temperature lift, and used this temperature for the transient operation of the heat pump.
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| 3. Absorption Heat Pump

The absorption heat pump is divided into the first absorption heat pump type and the second absorption heat pump
type according to the purpose of heating, as shown in Figure 4. The first absorption heat pump type is used to
produce a large amount of medium-temperature heat, which is used for civil refrigeration and heating with a COP
(defined as the ratio of heat production to heat absorbed by the heat source) of 1.6~1.8. The second type of
absorption heat pump is mainly used to improve the heating temperature, whose COP is about 0.4~0.6. Driven by
a medium-temperature heat source, the heat from the medium-temperature heat source is transferred to the high-

temperature heat source.
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Figure 4. Absorption heat pump cycle. (a) First type absorption cycle, (b) Second type absorption cycle.

Wu 13 modeled single-stage and two-stage air source heat pumps (ASAHPs) and ground source heat pumps
(GSAHPS) in order to explore the working fluid alignment and circulation mode suitable for heating and domestic
hot water in cold areas. Based on these models, the performance of absorption heat pumps under different
generation, evaporation, and condensation temperatures was simulated, respectively, when NH3-H,0, NH3-LiNOg3,
and NH3-NaSCN were used as working fluids. Xu 281 conducted theoretical and experimental research on the
waste heat recovery system of a lithium bromide aqueous absorption heat pump. The new heat pump system
could heat hot water to 81.34 °C. Yang X introduced life cycle cost (LCC) to study the influence of internal
parameters of a two-stage absorption heat pump on economy, and the study revealed that the evaporator
temperature TO had the greatest influence on LCC. Balderas-Sanchez 18 compared the double-stage double-
effect absorption heat pump with the double-effect absorption heat pump, and found that the double-stage double-
effect heat pump had lower performance, but the temperature lift was significantly increased, which could reach 82
°C.

| 4. Hybrid Heat Pump
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In order to make full use of the advantages of absorption and compression, some scholars organically combine the
two types of heat pumps to increase the heating temperature and expand the operating range. At present, the
hybrid cycle can be divided into two types. One is to embed the compressor in the absorption cycle to reduce the
heat source temperature or increase the heating temperature. The other is to achieve greater temperature lift of the

heat pump through the coupling between the circulating components.

Zhang 19 combined compressors with absorption heat pumps and found that compression-assisted absorption
heat pumps can save 50% operating costs and reduce 60% carbon dioxide emissions. Feng 29 studied the
influence of compressors on the cycle performance at different positions of the system, and found that adding
compressors into the cycle could reduce the heat source temperature and increase the heating temperature, as
shown in Figure 5a,b. Schweigler 21 directly integrated the high-speed turbo-compressor into the single-stage
water/lithium bromide absorption heat pump cycle, and studied the cycle characteristics of three different operating
modes through detailed steady-state thermal process simulation. A compression ratio of 3 allows a rise in the
cooling water inlet temperature by 10 K, and enables the use of low-temperature waste heat below 70 °C. Sun [22
put the compressor between the generator and the absorber, producing a heating temperature of the new system
up to 125 °C.

Ahsarhor Evaporator Absorber e Fvaporator

Heat zink Heat sink

R - = —
Geperntop [r—— Condenaer eneErator —@-’—u

Heat source Heat source

(a) ib)

——]
-]

Meaaghar -y Evaperates

Absorber Evaporator

Heat siunk o

leat sink

GeneTaTOT Lo Cotditidh i

Generator

Condenser

Compressor dshisat heat

i) id)

https://encyclopedia.pub/entry/49517 6/9



Cycle Process of High-Temperature Heat Pump | Encyclopedia.pub

Figure 5. Hybrid heat pump cycles. (a) Compressor between absorber and evaporator, (b) Compressor between

generator and condenser, (c) Hybrid heat pump heat exchanger, (d) Air source hybrid heat pump cycle.

In order to obtain a heating temperature above 100 °C, Sun 23 coupled the compression cycle with the second

absorption cycle type, as shown in Figure 5c; the hot water temperature could reach 135 °C and the COP was 3.6.

Gao 24123 proposed a new type of air source hybrid heat pump, as shown in Figure 5d. The new cycle could

increase the input temperature from 10 °C to 100 °C with a COP of 1.4. Zhang 28 proposed a new system

coupling a two-stage cascade heat pump with an absorption heat pump, and found that the new system would be

more advantageous when the heating temperature lift was more than 150 °C.
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