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Simulation Study on Single-Machine Two-chamber in-parallel Compression Refrigeration/Heat Pump System
Xu Shuxue Ma Guoyuan Liu Qi Liu Zhongliang

(Beijing University of Technology, Beijing, 100124, China)




Abstract In order to improve the working performance of vapor compression refrigeration/heat pump system, a new
system named single machine two-chamber in-parallel compression refrigeration/heat pump system was provided. An
analysis model was set according to the theory of thermodynamics. The variation of cooling and heating performance
with side-stage suction pressure and the most favorable volume ratio of side-stage to main-stage have been calculated.
The results show that, compared with conventional single-stage compression system, cooling and heating capacity can
increase 29.6% and 29.2%; cooling EER and heating COP can increase 8.0% and 2.8%; the discharge temperature

decrease 3~4°C. The most favorable volume ratio of side-stage to main-stage is 0.08~0.12.

Keywords double-stage compression; parallel; volume ratio; cooling/heating performance;heat pump
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Performance Analysis on the Large Temperature Lift/Drop Multi-stage Vertical Absorption Temperature

Transformer

Wang Sheng  Xie Xiaoyun Jiang Yi

(Department of Building Science, Tsinghua University, Beijing, 100084, China)

Abstract The reasons for the problems of the existing absorption heat exchangers, such as excessively large size, high




manufacture costs, and high return temperature of the primary network hot water, were attributed to the “triangular
heat transfer processes” inside the absorption heat pumps. The structures of new Multi-stage Vertical Large
Temperature Lift/Drop Generation-condensation And Evaporation-absorption Elementary Units were introduced, as
well as their principles on how to eliminate the “triangular heat transfer processes” with a relatively compact
structure. A new type of the absorption heat exchanger, called the Multi-stage Vertical Large Temperature Lift/Drop
Absorption Temperature Transformer (ATT), was constituted by such elementary units. Simulation models for the
ATT were built to compare its performance to the traditional single-stage absorption heat exchanger. Results showed
that the ATT can reduce the minimum return temperature of the primary network hot water, from 26°C to under
20°C. When return temperature of the primary network hot water is 26°C, the ATT can reduce the total KA (heat
transfer areas multiplied by heat transfer coefficients) by 25%~32%, while the powers of solution pumps inside the
ATT were only increased by 19%~48%, which were not remarkable. The ATT has obvious performance advantages

over the traditional single-stage absorption heat exchanger.

Keywords heat transfer areas; large temperature lift/drop;; absorption heat pump; heat exchanger
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Non-equilibrium Adsorption Performance of Consolidated = Composite CaCl,/ENG-TSA Adsorbent
Song Fenping Jiang Long Wang Liwei Wang Ruzhu Gao Peng

(Institute of Refrigeration and Cryogenics Engineering, Shanghai Jiaotong University, Shanghai, 200240, China)




Abstract A new type of consolidated composite adsorbent for CaCl, is developed by the matrix of
ENG-TSA(Expanded natural graphite treated by the sulphuric acid). Adsorption performance of consolidated
composite CaCl, was tested, and the results showed that for the sample with the density of 400kg/m® and salt mass
ratio of 80%, adsorption quantity ranges from 0.4015kg/kg to 0.4585kg/kg while the cooling temperature ranges from
2510 35°C and evaporating temperature ranges from -10 to 15°C respectively. The cycle adsorption quantity of
consolidated CaCl, with ENG-TSA as matrix is similar with that of consolidated CaCl, with ENG as matrix, whereas
the addition of ENG-TSA can greatly reduce cycle time as well as improve the specific cooling performance per
kilogram adsorbent(SCP).The cycle time for the composite adsorbent of CaCI,/ENG-TSA is around 3300 seconds,
which is 33% reduced if compared with that for the adsorbent of CaCI,/ENG. When the condensing temperature is
30°C , the maximum SCP for the adsorbent of CaCl,/ENG-TSA is 65.75W/kg which is increased by 48% if
compared with the adsorbent of CaCl,/ENG.

Keywords adsorption;consolidated composite adsorbent;adsorption quantity;specific cooling power
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Experimental Investigation on Heat Transfer of R22 during Condensation in a Rectangular Microchannel

LiuNa LiJunming

(Key Laboratory for Thermal Science and Power Engineering of Ministry of Education, Department of Thermal

Engineering, Tsinghua University, Beijing, 100084, China)

Abstract The paper reported heat transfer coefficients of R22 during condensation in a horizontal stainless steel

rectangular microchannel with the hydraulic diameter of 0.952 mm. Tests were conducted with saturation




temperatures of 40-50°C, mass fluxes of 200-800 kg/m? s and vapor qualities from 0 to 1. The results show that heat
transfer coefficients of R22 increase with mass flux and vapor quality especially in high vapor quality regions while
decrease with the saturation temperature. The data were compared with three existing heat transfer correlations. Heat

transfer coefficients of R152a are larger than the data of R22 when compared with the same experimental conditions.

Keywords condensation heat transfer; microchannel; experimental investigation; heat transfer coefficients
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The Effect of Liquid-vapor Separation Baffles Structure in Air-conditioning System

Zheng Wenxianl Chen Yingl Zhong Tianmingl Luo Yuebin2 Wan Yuehua2

(1.Faculty of Material and Energy Guangdong University of Technology, Guangzhou, 510006, China;

2.Guangzhou United A/C&R Co.,Ltd., Guangzhou, 510530, China)

Abstract Liquid-vapor separation condenser (LSC) is a kind of parallel flow heat exchanger with liquid-vapor
separation baffles in its headers, which can drain away the condensate in time during condensation process. This
paper experimentally studied the performances of three refrigeration systems employing three parallel-flow

condensers with different liquid-vapor separation baffles in the standard air enthalpy difference lab. The indoor dry

bulb and wet bulb temperature fixed at 26.7°C and 19.4°C, the outdoor dry bulb temperature varied from 29°C to




41°C. The refrigerant tube wall temperatures and pressure drops of the three condensers were investigated, as well as
their power consumption, cooling capacity and energy efficiency ratio. The results indicated the performance of the
LSC may be the same or not with the different liquid-vapor separations. Once an excellent design for the LSC was
done, its wall temperature kept quasi-constant, and pressure drop was also minimum. Further, the system with the

LSC can obtain maximum system refrigerant mass flow rate, as well as the maximum cooling capacity and EER.

Keywords liquid-vapor separation baffles; condenser; refrigeration system; flow distribution; system performance
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Calculation and Measurement of Temperature Field and Mass Fraction Field about Aqua Ammonia Falling
Film Absorption based on Transversally Grooved Tube

Chen Xiaozhuanl1,2 LiuJianhual Zhang Liangl Wang Huanl Liu Qil

(1.School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, China;2. School of Mechanical and Power Engineering, Henan Polytechnic University, Jiaozuo, 454003,

China)

Abstract According to double membrane mass transfer model of falling film absorption, change law and transport
mechanism were analyzed on related physical quantities during ammonia’s heat, mass and momentum transfer
process. Energy and mass conservation equations were established for ammonia gas falling film absorption, and

equations discretization was made. Subsequently Gauss-Seidel iterative method was used to solve these equations.




Variation curve of aqua ammonia solution mass fraction along falling film tube height was obtained about smooth
tube(SMT) and transversally grooved tube(TGT). The temperature of aqua ammonia and cooling water at different
dimensionless height was obtained for falling film absorption of transversally grooved tube. TGT has strong falling
film absorption performance in the same conditions compared with that of SMT. Absorptive capacity in winter and
summer season increased by 118.5% and 167.7% respectively. The experimental results showed that the predicted
temperatures of aqua ammonia and cooling water agree well with the measured temperature in the falling film

absorption process.

Keywords aqua ammonia; falling film; absorption; temperature field; mass fraction; transversally grooved tube
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Research for Energy Consumption of Water-loop Heat Pump System Based on Circulating-water Energy Gap

under Nonstandard Conditions

Yu Qidong, Zhu Neng

(School of Environmental Science and Engineering, Tianjin University, Tianjin, 300072, China)

Abstract In order to study the energy consumption law of water-loop heat pump system under nonstandard

conditions, the circulating water was selected as the research foundation and on the basis of the circulating water

energy equations, the system energy consumption equations were built by using a linear transfer function method. The




theoretical results show that the change law is nonlinear between the system energy consumption and load rate, and it
will more remarkable in winter; because the effect of load rate on the energy consumption, with the circulating water
energy changing, the change law of system energy consumption will appear a distortion characteristic, which
significantly affect system energy saving. In order to determine the range and lasting time of distortion condition
point, an engineering was selected in Tianjin as the experiment object, and the test data was analyzed by energy gap
method of circulating water. The experimental results show that for this building, the distortion condition point is in
the range of 4~5 level, and its lasting time is less 10% of the total run time; the capacity of auxiliary heat source is

reasonable with 55% of building heat load.

Keywords water-loop heat pump ; nonstandard condition; circulating water energy ; linear transfer function; energy

consumption ; energy gap method of circulating water
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Leakage Research of Split-type Air-conditioner using R290 as Refrigerant

Zhang Wang 1,2 Yang Zhaol WangJie2 L4 Dong2 Zhong Zhifeng3

School of Mechanical Engineering, Tianjin University, Tianjin, 300072,China; 2. Tianjin Fire Research Institute of
MPS Tianjin,300381,China; 3. Foreign Economic Cooperation Office of Ministry of Environmental Protection

Beijing, 100035,China)

Abstract The ozone depletion potential (ODP) and global warming potential (GWP) of HCFCs and HFCs are
higher than hydrocarbons (HCs). R290 is perfect in environmental protection and energy saving performance. In
order to determine the combustible region of leaked R290 from indoor unit of air-conditioner, a test room was
established in this study. The distribution of R290 concentration was studied after it leaked in the room with different
room area, installation height of indoor unit, location of the leakage and different leakage rate. The results showed
that combustible region is limited only in the region very close to the indoor unit, and combustible region only exists

during the leakage process, which will quickly disappear once the leakage stops.

Keywords refrigerant ; leak; split-type air-conditioner;  connector; evaporator; R290
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Analysis of Capillary-network Applied in the Closed Cooling Tower




Zhang Lixin1,3 LiulJingnanl Lin Zonghul Yin Zhengl,2 Fan Zhiyuan3
Liu Yuel Chen Yongbaol Li Ruixiongl

(1.School of Energy and Power Engineering of University of Shanghai for Science and Technology,
Shanghai,200093,China; 2. National Quality Inspection & Test Center of FRP Product, Beijing,100831, China; 3.
Zhejiang Jin-Ling Refrigeration Engineering Co., Ltd., Zhuji, 311802,China)

Abstract In order to solve the frost crack problem in winter and the tube corrosion problem of corrosive medium in
closed cooling towers, engineering plastic capillary-network technology is introduced to the tower. A
capillary-networked closed cooling tower was designed by theoretical calculation and the performance of real model
has been tested. Research indicates that the heat-exchange ability of two capillary-networked closed cooling towers is
similar to a normal closed cooling tower’s with copper-tubes of the same size. The cost of the heat-exchanger for both
towers is almost the same. On account of the capillary-networked closed cooling towers can prevent corrosion, frost
crack, foreign matters, and reduce noise. The capillary-networked closed cooling towers have better technical and

economic performance.

Keywords closed cooling tower; capillary network; thermal properties ; test

g

e % % EWEA

(KRB RFBEIR S E Pt m 5L 210096)

W B CRHAEGAENRIINE, B3 —FR &S R IR R G AL i A I B O AT T 1Pl . R T A dn A
(LCA) TFHTERIE, WiE T RGIAS, WAL T RGA dr A WINBRHFIOZ SR . 1538 T RGUEA I B, 8 246 b Bl
IBAT B BRI B BB S B G5 RER WL R G AT (I FY B CO,-eq HFUE RN, O 35387.6kg, KL 4 T
A A IR 8496, T BORIUNHL I RUR RSO s A7 2B Be CO-eq HTERIR L, #9704 6187kg, ik 24 KK
FE BOB AR /N, JUP AT LA o DRI, BRI AR G 4 i A P AR AR, N A T RR RS
{5 A AR REVR I TT A Lo X L AT 1 b Bl FR g R BRI AE A7 iy LI N (OB HE TR . M B SRR AR A
FEA, IRE BN RGBS R AR LB HE B 20 0 20430.9kg. fRfE, HE—BTIR T RGRIBRIKHET A
IR 7o

RegE A AR PG AN

Life Cycle Carbon Emissions Research of Hybrid-power Gas Engine Heat Pump




Ma Yanbin Cai Liang Wang Jieyue

(School of Energy and Environment, Southeast University, Nanjing, 210096, China)
Abstract Life cycle assessment method was used to evaluate the full life cycle carbon emissions of a kind of hybrid-power gas
engine heat pump. With the system boundaries and the accounting mode established based on the life cycle (LCA) assessment, the
carbon equivalent emissions in the periods of production, transportation and installation, operation and recycling of the system are
figured out respectively .The results show that the system CO,-eq emissions (35387.6kg) is the highest in running phase,
accounting for approximately 84% of the entire life time, and the main source is from the usage of electricity and natural gas;
followed by the production phase which are approximately 6178kg;the transportation-installation phase and disposal phase can be
neglected because of their low carbon emissions. Therefore, in order to reduce the greenhouse gas emissions of the system in the
full life time, more attentions should be paid to the rational use of electricity and natural gas and the development of new energy.
Secondly, its carbon emissions are compared with separate power-driven heat pump, and the analysis results show that
hybrid-power gas engine heat pump could reduce 20430.9kg carbon emissions. Finally, carbon emission reduction method and
emission reduction potential of the system are further discussed.

Keywords life cycle assessment; heat pump; carbon emissions; hybrid-power
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Review of the Application of R32 on Air Conditioners and Heat Pump Systems

Yang Shenyinl Wang Qinl Tang Limingl Xu Xiangguol

Chen Guangmingl Yao Yuping2 Wang Fei2

(1.Zhejiang University, Hangzhou, 310027; 2.Samsung Electronics Korea(Su Zhou),Suzhou,215024)

Abstract R32 has a number of advantages compared to R410A, such as zero ODP and less GWP value. It is now regarded as a




possible substitute refrigerant for R410a. This paper presents a comprehensive review of the application of R32 on air conditioners
and heat pumps by comparing both operational performances, such as the system efficiency and the requirement of refrigerant
charge, between systems using R32 and R410a, and physical characteristics, such as lubrication oil preference and flammability,
between both refrigerants. The comparison indicates although systems using R32 have slightly higher energy consumption and
discharge temperature of compressor, it has much larger cooling capacity than that using R410a. Hence, R32 is ideal to replace
R410A. However, there are still limitations for spreading the application of R32, such as the possible deterioration of system
performance caused by a high compressor discharge temperature and the restriction on the refrigerant charge amount due to the
A2L level flammability of R32. Nonetheless, domestic and international legislations tend to set less restriction for the application
of R32. This tendency will certainly promote researches on using R32 to replace R410A in domestic air conditioner and heat pump

systems.

Keywords refrigerant substitution; air conditioner; heat pump; R410A; R32
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Research on Unstable Heating Test of Multi-Split Air-condition (Heat Pump) Unit
Shi Min  Zhong Yu Zhang Xiuping

(State key laboratory for compressor technology, Hefei General Machinery Research Institute, Hefei, 230088,China)
Abstract Seasonal performance evaluation index is taken as the direction to evaluate multi-split air-condition (heat pump) units
(Hereinafter referred to as: VRF) in the future. The challenge on unstable heating performance test for VRF unit is discussed when
seasonal performance evaluation index is used. Advantages and disadvantages of unstable heating performance test methods in
relevant standards are analyzed. The conclusion indicates that the unstable heating performance test methods in EN and 1SO
standards reflect the heating performance of VRF units more objectively, and are with good operability and repeatability. Potential
effect of the unstable heating performance test method in EN and ISO standards on the development of VRF in China is
investigated. The outline and issues of Chinese unstable heating performance test method for VRF units are suggested.

Keywords multi-split air-condition (heat pump) unit; heating; performance test; unstable
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A Generalized Algorithm for the Simulation of Multi-evaporator Variable Refrigerant Flow Systems

Zhu Yonghua Jin Xingiao Fu Sijie Fang Xing Du Zhimin

(School of mechanical engineering, Shanghai Jiao Tong University, Shanghai, 200240, China)

Abstract A generalized algorithm called ALG-1 as well as a companion algorithm called ALG-I1, for simulation of variable
refrigerant flow (VRF) systems were proposed. Firstly, the principles and methods to find the criteria of iterative calculation and
choose the variables of iterative calculation were introduced. Then, the standard algorithm was organized by some proper
combination between the iterative variables and the iterative criteria, and the critical steps of the algorithm were described in detail.
ALG-I and ALG-II have very similar characteristics except time-consuming. Simulation results revealed that the models
established are feasible and effective to simulate the VRF systems with different number of evaporators, which indicates the
proposed system algorithms are generic and evaporator-number independent. For the VRF system with only one evaporator, the
much larger time consuming of the ALG-1 weakened the potential for control analysis applications, while for the multi-evaporator
VRF system, the ALG-I has advantages over the ALG-II. Finally, tests also showed the proposed algorithms good ability
responding to varying control variables including the openness of the throttling valves and speed of the compressor. It is concluded
that the system model is feasible to be applied and lays solid foundation for the studies including performance and control analysis
of the VRF systems.

Key words refrigeration system; variable refrigerant flow; simulation; generic algorithm; control analysis
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The Research on Vapor-gas Condensation Heat Transfer over a Drop-shaped or Circular Tube
Li Huijun Peng Wenping

(School of Energy Power and Mechanical Engineering, North China Electric Power University,Baoding, 071003,China)




Abstract In order to study the effects of tube type on vapor-gas condensation heat transfer and strengthen vapor-gas condensation
heat transfer, the present paper establishes the integrated model of gas liquid film thickness and heat transfer coefficient along the
wall when vapor-gas mixed fluid crosses vertically both circular tube and drop-shaped tube and condensation occurred. Through
the finite difference method, the calculation and comparison are carried out with flue gas from natural gas combustion as an
example. In the circumstance that the effective heat transfer area is same, compared with circular tube, diameter is smaller on
upper half of drop-shaped tube and pressure gradient is greater, which is helpful for drainage; surface curvature is larger on lower
half of drop-shaped tube, which is also helpful for drainage. Gas film on surface of drop-shaped tube is thinner, and liquid film is
also thinner; drop-wise condensation area is larger and droplet size is smaller, so condensation heat transfer coefficient is greater.
Besides, drop-shaped tube also has certain enhancement to sensible heat transfer. The calculation results are compared and verified
by experiment, and this model is also suitable for oval tube and other kinds of vapor-gas mixed fluid.

Keywords heat transfer enhancement; Condensation Heat Transfer; finite difference; drop-shaped tube; gas liquid film thickness

T4 T oE RBER

et BAT R R SRS AHLA R A JE5 101312)

W Bl S S T B, 0 SR AR SRR A AL 0 KA UK AR AE R4 WA [F) R ) (R FE i i . D2 SIFHLEE AT T 0. ()
WEHETE T A HUAEA FIRSE T, UK AR . PR SRR 5 Al UK 5 46 3 (A) =5 9 PR P AR A 1 0 o SEBR 4
KW YEGENERIISHEEER, VKA &A= IR R HI7E RGN, Horh = FIRE N 41C, &
KRR 3.4°C . REEEFIIRE 6.1°C, ARSI BN A 1.0°C o 728K 2 U5 B A2 [ bR e 2R 2% F
P AT A AL AT DA% A VK AR FRRE B LA B 0.908KWING 24 CRFE 1D o SHAMKFR REE IV IS SR -5 Se a0 B0 Al
b, S IEARHLELE 0 3000r/min I, BRI ZE N 16.2%, TIAEE4iHLI % 1900r/min I, AIAIINRSE Ry &80,
R 1%y 8.6%. ILSREe 45 JIAE 7L I T S50, (RNt R B UKAE RGRAL 71— B0 .

KBEE ASULGIHL KAUKAE: TRE: S

An Experimental Analysis of a Frost-free Refrigerator using a Variable Capacity Compressor

Wang Wei  Wang Rui  Qin Zongmin

(Beijing Embraco Snowflake Co., Ltd., Beijing, 101312, China)

Abstract A frost-free refrigerator with a variable capacity compressor(VCC) is studied based on the results from experiments
and simulation. Analyses are conducted in terms of the system energy consumption, power and running percentage under several

different compressor speeds. Moreover, the temperature variation in fresh food storage, freezer, fruit vegetable and the ice-making




compartments is also discussed under different compressor running speeds respectively. The experimental results show that the
temperature variation in all the compartments could be kept in a reasonable scope when the compressor is running at an optimal
speed. The average temperature of the fresh food storage compartment is 4.1°C with a maximum deviation of 3.4°C and the
average temperature in the fruit vegetable compartment is 6.1°C with a max deviation of 1.0°C. With the help of VCC the energy
consumption of this  frost-free refrigerator can reach 0.908kWh/day when the temperatures in all the compartments reach the
national standard requirement. What’s more, compared to the experimental result the simulated system energy consumption is
higher by 16.2% when the compressor runs at 3000r/min, however it drops to 8.6% when the compressor speed is set at 1900r/min.
The comparison results prove the reliability of the simulation software and also indicate the importance of further work on system

model optimization .

Keywords variable capacity compressor; frost-free refrigerator; energy saving; experimental analysis
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The Methods Research of Decreasing Water Loss during Liquid Vacuum Cooling Process
Wang Yan  Zhou Qian  DuJianping  Peng Zhan

(Henan University of Urban Construction,Pingdingshan,467036,China)
Abstract The effect of different forms of strainer on reducing water loss during liquid vacuum cooling process was studied. Using
cylindrical containers and keeping the liquid height at a fixed value in the experiments, the situation of the water lose was studied
by changing the position of the flaky strainer. The influence for water loss of the columnar and comprehensive-shaped strainers
which can resist bubbles from the sidewall was also studied. To compare the water loss effectively, the concepts of overpressure
degree, actual water lose rate and water lose efficiency were put forward. The experimental results show that when flaky strainer is
located at the liquid surface at the end of the losing water process, the effect of decreasing water loss is the best, and the columnar

and comprehensive-shaped strainers can further reduce the water loss compared with the flaky strainer.




Keywords vacuum cooling; water lose rate; overpressure degree; water lose efficiency




