
 
制冷学报［双月刊］             创刊年份： 1979 年 9 月 

第 35 卷第 4 期(总第 158 期) 2014 年 8 月 16 日出版  

  

主办单位：中国制冷学会                                           主管单位：中国科学技术协会          

国际刊号：ISSN0253-4339                                     国内刊号：CN11-2182/TB                     

发行单位：中国制冷学会秘书处                                   出版单位：《制冷学报》杂志社有限公司  

境内定价：人民币 15 元                                            境外定价：美元 10 元 

 

《制冷学报》编委会                                                        《制冷学报》编辑部 

主   任：吴元炜                                                              主   编：吴元炜 

副主任：江亿，周远，王浚，陶文铨，                            副主编：江亿，周远，王浚，陶文铨， 

        王如竹，杨一凡                                            王如竹，杨一凡                

委   员：陈光明，陈焕新，端木琳，黄辉，季阿敏，郎四维，    责任编辑：常琳   

李百战，李先庭，厉彦忠，龙惟定，马国远，申江，史琳，      编   辑：范薇、王亚薇 

史敏，王文生，吴剑锋，伍光辉，谢晶，谢如鹤，徐庆磊， 

杨昭，姚杨，于志强，张华，张晓松                                          

顾   问：吴业正、孙隆荣、刘作斌 

 

联系方式 

北京市海淀区阜成路 67 号银都大厦 10 层                                            

邮   编：100142                                                                           

电   话：010-68711412 010-68715723(发行)   

传   真： 010-68434679                                                              

电子信箱：editor@car.org.cn                                                                     

网   址：www.car.org.cn  

  

变容量家庭能源中心制冷兼制热水模式性能实验研究［刊，中] 

鲁 双  吴静怡 

(上海交通大学制冷与低温工程研究所 上海 200240) 

摘  要  现有的多功能热泵机组的制冷兼制热水模式存在结构复杂、能量控制难以满足需求等问题，为此，提出基

于数码涡旋压缩机的变容量家庭能源中心系统，并确定制冷兼制热水模式的机组性能系数计算方法。实验分析对比

制冷兼制热水模式和单独制冷模式的性能，结果表明，与单独制冷模式相比，制冷兼制热水模式的制冷量有所衰减，

但机组的总能量输出和性能系数分别提高了 17.3%和 36.8%。实验研究制冷兼制热水模式在水箱初始温度、不同压缩

机负荷和不同环境温度下的动态特性和性能表现。通过分析该模式在各种工况下的性能变化规律，总结控制策略，

可保证该模式的安全高效运行。 

关键词  家庭能源中心；机组性能系数；控制策略；变容量压缩机；空调；热水 



Experimental Study on Space Cooling & Water Heating Mode of Domestic Energy System with Variable 

Capacity Compressor 

Lu Shuang  Wu Jingyi 

(Institute of Refrigeration and Cryogenics，Shanghai Jiao Tong University，Shanghai，200240,China) 

Abstract To solve the problems of complex structure and unsuitable capacity control of present multi-function heat 

pump system, domestic energy system is introduced. A new system performance indicator is chosen to describe 

the performance of space cooling & water heating mode. By comparison with space cooling only mode, this mode 

has been proved with a little less cooling capacity but with higher total system performance. Series of experiments

are conducted with different tank average initial water temperature, compressor load and outdoor ambient 

temperature conditions. By analysis of transient characteristics and system performance, the performance rules 

are concluded. Furthermore, the control strategy is proposed to insure the safe and efficient operation of space 

cooling & water heating mode. 

Keywords domestic energy system; COP; control strategy; variable capacity compressor; air conditioning; hot 

water 

热舒适驱动的空调能量设计因子研究［刊，中]  

王 雁  刘光复  张 雷  周 丹 

（合肥工业大学机械与汽车工程学院 合肥 230009） 

摘  要  为确定热舒适需求与空调节能设计过程中的关键能量设计要素之间的关联性，提出了一种基于热舒适的空

调能量设计因子提取及其重要度计算方法。在热舒适驱动的空调节能设计过程框架的基础上，建立了基于热舒适需

求的功能质量屋，并将热舒适性转化为空调功能及权重等设计信息；分析功能的能量特性，针对与能耗相关的功能，

给出了能量设计因子提取策略，以及能量设计因子对热舒适及能耗综合影响程度量化方法。以家用空调为例，提取

了基于热舒适的能量设计因子，对容积效率和传热系数两项耦合因子进行了分解，并对整体层能量设计因子的热舒

适性及能耗的影响系数进行计算，按综合影响系数由大到小排序，结果为压缩机功率、系统控制方式、通风量和换

热量。 

关键词  家用空调；能量设计因子；热舒适；节能设计 

Study on Energy Design Factors of Air Conditioning Driven by Thermal Comfort 



Wang Yan  Liu Guangfu  Zhang Lei  Zhou Dan 

(School of Mechanical & Automotive Engineering, Hefei University of Technology, Hefei, 230009, 

China) 

Abstract In order to determining the relevance between thermal comfort and key energy design 

elements during energy-saving design process, the method of extracting energy design factors of air

conditioning and calculating its weight is proposed. The house of quality based on thermal comfort is

built with the energy-saving design frame driven by thermal comfort. The thermal comfort 

requirements are converted to function and weight of air conditioning. The energy characteristic of 

the function is analyzed, for functions dependent with energy, the extract means of energy design 

factors is provided, and the method of calculating thermal comfort and energy consumption influence

degree is put forward. Taking the household air conditioning as a case study, the energy design 

factors based on thermal comfort are extracted, two coupled factors, volume efficiency and heat 

transfer coefficient are decoupled, and thermal comfort and energy consumption influence coefficient 

of energy design factors in overall layer are calculated, the result according to comprehensive 

influence efficient in descending order is compressor power, system control mode, ventilation quality

and heat exchange amount. 

Keywords  household air conditioning; energy design factors; thermal comfort; energy-saving 

design 

反渗透膜分离性能及其在制冷空调中的应用［刊，中］ 

胡会涛  杜 垲  张友超  鄂文汲 

（东南大学能源与环境学院  南京 210096） 

摘  要  介绍了反渗透膜的分离机理，归纳了多种分离过程理论模型的通量公式、应用场合及其局限性，综述了操

作压力、料液温度、料液浓度以及料液流速等特性参数对反渗透膜分离性能的影响，解读了反渗透膜分离技术在制

冷空调中的应用研究，为反渗透膜分离技术在制冷空调行业的应用提供了参考。 

关键词  制冷空调；反渗透膜；综述；分离模型；应用 

Separation Performance of the Reverse Osmosis Membrane and Its Applied Research in 



Air-conditioning 

Hu Huitao  Du Kai  Zhang Youchao  E Wenji 

(School of Energy & Environment，Southeast University，Nanjing，210096，China)  

Abstract  The separation mechanism of reverse osmosis membrane was described. Flux formulas, 

applications and limitations of various theoretical separation models were summarized here. The 

effects operating pressure, feed temperature, feed concentration and feed flow rate have on 

performance of the reverse osmosis membrane separation were analyzed systematically. Finally, the

applications using reverse osmosis membrane separation technology in refrigeration and air 

conditioning industry were focusing demonstrated, proving a reference for applications for the 

reverse osmosis membrane separation technology in refrigeration and air conditioning industry. 

Keywords  air-conditioning; reverse osmosis; review; separation model; application 

两段式喷嘴引射器的引射制冷系统性能实验研究［刊，中］  

任立乾  郭宪民  李添龙 

（天津商业大学 天津市制冷技术重点实验室 天津 300134） 

摘  要  对采用两段式喷嘴引射器的两相流引射制冷系统进行了实验研究，并将两段式喷嘴的引射比及其系统 COP

分别与拉法尔喷嘴引射器的引射比及其系统 COP 进行了比较。实验结果表明：在冷凝/蒸发温度为 45 ℃/1 ℃工况

下，使用不同几何尺寸两段式喷嘴引射器的引射比均大于拉法尔喷嘴引射器的引射比，最大提高了约 18%；使用两

段式喷嘴引射器的制冷系统 COP 大于使用拉法尔喷嘴引射器的制冷系统 COP，最大提高了约 12%；在蒸发温度为

1 ℃条件下，两段式喷嘴引射器及拉法尔喷嘴引射器的引射比均在冷凝温度为 45 ℃时达到最大值，而在冷凝温度

为 50 ℃条件下，两种引射器的引射比均在蒸发温度为 3 ℃时达到最大值。 

关键词  引射器；两相流；两段式喷嘴；引射比 

Experimental Study on Performance of Dual-serial-throat Nozzle Ejector in Two-phase 

Ejector Refrigeration Cycle System 

Ren Liqian  Guo Xianmin  Li Tianlong 

(Tianjin Key Laboratory of Refrigeration Technology, Tianjin University of Commerce, Tianjin, 

300134, China) 

Abstract The two-phase ejector refrigeration cycle (TPERC) system with a dual-serial-throat nozzle 



ejector was investigated experimentally, and the entrainment ratio of the ejector and the COP of the

system were compared with those of the ejector with Laval nozzle and the TPERC system 

respectively. The experimental results indicate that the entrainment ratios of the dual-serial-throat 

nozzle ejectors with different geometric size are greater than those of the Laval nozzle ejectors under

the working condition of the evaporating/condensing temperatures 1 ℃/45 ℃, the maximum 

increment of the entrainment ratio is about 18%, and the COP of the TPERC system with 

dual-serial-throat nozzle ejector is greater than that of the TPERC system with Laval nozzle ejector,

the maximum increment of the COP is about 12%. Under the condition of the fixed evaporating 

temperature 1 ℃, the entrainment ratios of both the dual-serial-throat nozzle ejector and the Laval 

nozzle ejector achieve the maximum values as the condensing temperature is about 45 ℃. Under the 

condition of the fixed condensing temperature 50 ℃, the entrainment ratios of the two types of 

ejectors achieve the maximum values as the evaporating temperature is about 3 ℃. 

Keywords  ejector; two-phase flow; dual-serial-throat nozzle; entrainment ratio 

倾斜状态下板翅式换热器封头物流分配特性的实验［刊，中］ 

朱建鲁  季 鹏  李玉星  王武昌  高 嵩 

（中国石油大学（华东） 储运与建筑工程学院 青岛 266580） 

摘  要  海上平台受到海浪的作用会发生晃动和倾斜，从而影响板翅式换热器的入口物流分配特性。通过空气—水

两相物流分配实验系统，分别进行封头结构水平状态和倾斜状态下的单相以及气液两相实验，获得不同实验工况下

的封头物流分配特性，研究倾斜对封头物流分配的影响，从而为换热器的安装及工艺的改进提供依据。结果表明：

水平状态下物流分配受惯性力的影响，不均匀度随雷诺数和气液比的增加而增大；倾斜状态下流体受到惯性力和重

力的双重影响，物流分配均匀程度显著低于水平状态，倾斜角越大物流分配越不均匀，气液比越大物流分配受倾斜

影响程度越大；固定封头或安装换热器时应严格保证其水平/竖直状态，或者通过液化工艺及换热器设计的改进消除

倾斜的影响。 

关键词  板翅式换热器；封头结构；倾斜；气液两相；分配特性 

Experimental Investigation on Flow Distribution in the Header of Plate-fin Heat Exchanger 

in Tilt State 

Zhu Jianlu  Ji Peng  Li Yuxing  Wang Wuchang  Gao Song 



(College of Pipeline and Civil Engineering in China University of Petroleum, Qingdao, 266580, China)

Abstract  Offshore platforms will shake and tilt because of marine motion, and that will influence 

flow distribution in the header structure of plate-fin heat exchanger. With air-water two-phase flow 

distribution experimental apparatus, pure water/air and gas-liquid two-phase experiments in 

horizontal and tilt state were operated. The effect of gas-liquid ratio and tilt angle on flow distribution 

in the header of plate-fin heat exchanger in tilt state were studied. Compared with the flow 

distribution in different experimental conditions, we concluded how much tilt influences the flow 

distribution in the header and got the basis for the installation of plate-pin heat exchanger and 

process improvements. The results show that flow distribution in static state is subject to the 

influence of the inertial force, the flow distribution unevenness increases with the increase of the inlet

flow and gas-liquid ratio. In tilt state, flow distribution is subject to the influence of both inertial force

and gravity, and flow distribution evenness is much lower than the static state. Flow distribution 

unevenness increases with the increase of tilt angle, and gets more sensitive to tilt when gas-liquid 

ratio increases. We should strictly ensure horizontal/vertical state when fix header structure and 

install heat exchanger. Meanwhile the influence of tilt can be eliminated through the improvement of

liquefaction process and heat exchanger design. 

Keywords  plate fin heat exchanger; header structure; tilt; two-phase; flow distribution 

果蔬用敞开式陈列柜温湿度场分布特性实验研究［刊，中］ 

傅 涛 1,2  李 君 1,2  王海林 1,2  岑康华 1,2  唐本源 1,2 

（1 华南农业大学南方农业机械与装备关键技术教育部重点实验室 广州 510642；2 华南农业大学工程学院 广州

510642） 

摘  要  为研究带单层风幕的敞开式果蔬陈列柜温湿度分布规律，采用了一种立式敞开式陈列柜实验平台作为研究

对象，分析陈列柜稳态运行阶段回温、降温和节能帘对温湿度场分布特性的影响。实验结果表明: 在无节能帘条件

下，回温工况结束时温湿度场比降温工况均匀，其温度、相对湿度分布的变异系数分别为 0.25、0.08。陈列柜左

部温度和相对湿度均低于右部；4 层搁架温度、相对湿度分布差异显著（P<0.05）。稳态运行阶段，搁架温度和相

对湿度分布呈周期性振荡，周期约为 17min；运用线性回归方法建立各测点相对湿度关于温度的函数模型，回归方

程表明：相对湿度与温度呈线性正相关；与无节能帘时相比，有节能帘条件下的柜内平均相对湿度高 5.74%RH，



平均温度低 0.43℃，温度、相对湿度的波动幅度小，降温时间短和回温时间长。研究结果为果蔬用敞开式陈列柜性

能的优化提供参考。 

关键词  陈列柜；温度；湿度；分布 

Experimental Study on Distribution of Temperature and Humidity Field in Vertical Open Display Cabinet 

for Fruits and Vegetables 

Fu Tao1,2  Li Jun1,2  Wang Hailin1,2  Cen Kanghua1,2  Tang Benyuan1,2 

（1.Key Laboratory of  Key Technology on Agricultural Machine and Equipment, Ministry of Education, South 

China Agricultural University,Guangzhou,510642,China; 2.College of Engineering, South China Agricultural 

University,Guangzhou,510642,China） 

Abstract  In order to investigate the distribution of temperature and relative humidity of the fruit and vegetable 

open display cabinet with single-band air curtain, an experimental platform of the vertical open display cabinet was

used for refrigeration test. The distribution characteristics of temperature and relative humidity of the testing 

display cabinet under the cooling and temperature raising conditions was analyzed. The effect of night covers was

also explored. The experimental results showed that the temperature and humidity are well-distributed under 

temperature raising condition with the coefficient variation (CV) of temperature and the relative humidity 

distribution is 0.25 and 0.08 respectively. The temperature and relative humidity of the right of the display cabinet 

are higher than those of the left horizontally. The distribution of temperature and relative humidity in four shelves 

differs significantly (P<0.05) in the orthogonal direction. During the steady-state operation the temperature and 

relative humidity distribution in four shelves is periodic oscillation and the period is about 17min. To study the 

overall temperature and relative humidity of the display cabinet, the linear regression method was used to predict 

the effect of the relative humidity on the temperature. The regression model showed that temperature is linear with

the relative humidity. Night covers can keep the relative humidity and the amplitude of temperature with minor 

changes, shorten the cooling time and prolong the temperature raising time. Compared with no night covers, the 

average relative humidity is higher by 5.74%RH and average temperature is lower by 0.43℃. The results will 

provide references to optimize the performance design of the fruit and vegetable open display cabinet. 

Keywords  display cabinet; temperature; relative humidity; distribution 

磁性纳米制冷剂冷却回路热磁对流特性研究［刊，中］ 



吴治将 1,2  殷少有 1,2 

（1 顺德职业技术学院 机电工程学院 佛山 528333; 2 广东高校热泵工程技术开发中心 佛山 528333） 

摘  要  建立磁性纳米制冷剂 Fe3O4-R600a 冷却回路的热磁对流特性实验系统，研究了磁场分布、磁场强度、加

热功率、冷却温度等对热磁对流特性的影响。结果表明：外磁场对磁性纳米流体热磁对流过程的影响非常明显，可

无须机械泵驱动而实现能量的自主传递过程，冷却回路中的磁流体循环流动和传热性能取决于外磁场与温度的协同

作用，应用外磁场有效可控制冷却回路的运行特性。 

关键词  制冷剂；冷却；磁场；热磁对流 

Study on Thermomagnetic Convection Characteristics of a Cooling Device Using Magnetic 

Nano-refrigerant 

Wu Zhijiang1,2  Yin Shaoyou1,2 

（1.College of Mechanical and Electrical Engineering, Shunde Polytechnic, Foshan, 528333,China; 

2.Guangdong University Heat Pump Engineering Technology Development Center, Foshan, 

528333,China） 

Abstract  The experimental system of a cooling device using Fe3O4-R600a as magnetic 

nano-refrigerant was built up. And the influences of magnetic field distribution, magnetic field 

intensity, heat load, cooling temperature were discussed. The results show that the effect of the 

device was improved obviously by external magnetic field, and the heat was transferred by the 

circulating fluid without a pump. On the meantime, synergic function between the external magnetic

field and the thermal field has impact on the velocity of the working fluid and the cooling performance

of the device. Using external magnetic field, the cooling performance of the device also can be 

effectively controlled. 

Keywords  refrigerant; cooling; magnetic field; thermomagnetic convection 

基于空间扫描思想的复杂蒸发冷却式换热器通用模拟方法［刊，中］ 

李 筱  杨明洪  李先庭  石文星  王宝龙 

（清华大学 建筑学院 建筑技术科学系 北京 100084) 



摘  要  针对现有蒸发冷却式换热器数值计算模型中存在的不足，提出了基于空间扫描思想的复杂蒸发冷却式换热

器的通用模拟方法。该方法将三维复杂蒸发冷换热器按空间划分为若干个节点，每个节点视为独立的微型换热器，

利用流体在节点之间的流动建立节点联系，根据稳定流动和稳态换热时节点之间的能量和质量守恒关系，构建迭代

更新算法，利用扫描迭代的方法对模型进行求解。将无填料型和有填料两种闭式冷却塔的模拟结果与文献实验数据

进行对比，结果表明：所建模型具有良好的精度，可用于复杂结构、复杂流动、多模态蒸发冷却式换热器的仿真。 

关键词  蒸发冷却；换热器；模拟仿真；节点；传热传质 

A General Modeling Approach for Complex Evaporative Cooling Heat Exchanger Based on 

Spatial Scanning 

Li Xiao  Yang Minghong  Li Xianting  Shi Wenxing  Wang Baolong 

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

Abstract In order to overcome the disadvantages of existing modeling methods of the complex 

evaporative cooling heat exchangers, a general modeling approach based on spatial scanning theory

is proposed. In this approach,,the 3-D heat exchanger is divided into calculation nodes according to 

its spatial location. Each node is regarded as a micro heat exchanger, and connected with each other

through air, water/solution, and/or refrigerant. An iterative algorithm is developed based on 

conservation of energy and mass of nodes in steady flow and steady-state heat transfer. Finally, the 

model is verified by comparing the simulated results and the experimental results of two closed-type 

wet cooling towers. Results show that the proposed model has highly accurate and reliable. This 

model can be used to simulate the performance of the evaporative cooling heat exchanger with 

complicated configurations and flow under different modes. 

Keywords  evaporative cooling; heat exchanger; simulation; heat transfer and mass transfer 

表面处理对微通道换热器湿工况性能及长效特性的影响［刊，中］ 

刘鹿鸣 1  施骏业 1  王 颖 1  葛方根 2  汪 峰 2  魏庆奇 3  陈江平 1 

（1 上海交通大学机械与动力工程学院 上海 200240； 2 浙江盾安人工环境股份有限公司 杭州 310000； 3 天

津三电汽车空调有限公司 天津 300385） 

摘  要  对翅片间距为 1.1 mm 的微通道换热器进行了亲水和疏水表面处理，并对其不同工况下的性能进行了实验



研究，分析了表面处理对微通道换热器湿工况性能和长效特性的影响。实验表明，疏水表面处理在低风速下会造成

换热器性能衰减：与原换热器相比，经过疏水表面处理的换热器换热量最大减小 14%，衰减随着风速的变大而减小；

而压降除了高风速高湿度工况，其余工况下均升高 130%以上。亲水表面处理对换热器性能影响较小：与原换热器

相比，经过亲水表面处理的换热器在不同工况下性能衰减 2%~8%；压降仅在高湿度低风速下明显变大 17%，其

余大部分工况得到改善，在高湿度高风速下压降仅为原换热器的 50%。亲水表面处理在防腐蚀方面具有一定作用，

同时进行盐雾腐蚀 260 h 后，表面亲水处理的换热器在不同工况下比原换热器性能提升 4%~6%，压降降低

14%~16%。 

关键词  微通道换热器；表面处理；换热性能；压降；盐雾腐蚀 

Research on the Wet Performance and Long-term Characteristics of Microchannel Heat 

Exchanger with Surface Coating 

Liu Luming1  Shi Junye1  Wang Ying1  Ge Fanggen2  Wang Feng2  Wei Qingqi3  Chen Jiangping1 

(1.School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai, 200240, China; 

2.Zhejiang University Dunan Artificial Environment Co.,Ltd., Hangzhou, 310051, China；3.Tianjin 

Sanden Auto Air-conditioning Co.,Ltd., Tianjin, 300385,China) 

Abstract  The wet performance of microchannel heat exchanger (Fin Pitch=1.1 mm) with 

hydrophobic, hydrophilic and without surface coating were studied under different conditions 

experimentally. The results indicated that hydrophobic surface coating had bad effects on air side 

performance: the capacity decreased by 14% under low air velocity and the decrease became less 

with the increase of air velocity; the pressure drop increased at least by 130% under different 

conditions except the condition of high air velocity & humidity. The capacity of hydrophilic heat 

exchanger decreased by 2%-8% under different conditions; the pressure drop decreased up to 50%

under high air velocity & humidity and got improved under most conditions except for the 17% 

decrease under the condition of low air velocity & high humidity. Air side performance of microchannel

heat exchanger with hydrophilic and without surface coating were studied after 260h salt spray 

corrosion. The capacity of hydrophilic coating heat exchanger increased by 4%-6% compared to the 

one without surface coating, and pressure drop decreased by 14%-16%. The result indicated that 

hydrophilic coating was good for anti-corrosion. 



Keywords microchannel heat exchanger; surface coating; heat transfer performance; pressure 

drop; salt spray corrosion  

水平光滑细管内 R1234ze 冷凝换热特性实验研究［刊，中］ 

李敏霞  杨英英  顾昊翔 马一太 

（天津大学中低温热能高效利用教育部重点实验室 热能工程系 天津 300072） 

摘  要  对流体 R1234ze 在内径 2 mm 的水平光滑圆管内的冷凝换热特性进行了实验研究，设定流体饱和温度为 35 ℃、

40 ℃，质量流量为 100~400 kg/(m2•s)，热流密度为 4~22 kW/m2。实验获得了 R1234ze 在不同工况下的冷凝换热系数

和摩擦压降。发现 R1234ze 的冷凝换热系数范围在 1.5 到 8 kW/(m2•K)之间，且随干度的增加而增加，随质量流量的增大而

增大，随饱和温度的升高而降低，比在相同工况下 R134a 、R32 的换热系数分别平均低约 22%和 31%。R1234ze 的摩擦压

降随质量流量增加而增大，随饱和温度的升高而降低，高于相同工况下 R32 的摩擦压降。并将本次实验值与其它经典换热模型

和压降模型进行了对比分析，发现 Baird 等人的模型对本次实验的换热系数预测较好，对其它文献中的相似数据点预测也较好。

Müller- Heck 模型对摩擦压降预测最好。 

关键词  制冷剂；R1234ze；冷凝换热系数；摩擦压降；水平光滑管 

Heat Transfer Characteristics for Condensation of R1234ze in a Horizontal Small Tube 

Li Minxia  Yang Yingying  Gu Haoxiang  Ma Yitai 

（Key Laboratory of Efficient Utilization of Low and Medium Grade Energy, MOE, School of Mechanical 

Engineering, Tianjin University, Tianjin, 300072, China） 

Abstract  The condensation heat transfer coefficients of R1234ze in a single circular minitube of 2 mm inner 

diameter were investigated experimentally. The experiment are conducted at saturation temperature of 35 ℃、

40 ℃, mass flux of 100~400 kg/(m2•s) and heat flux of 4~22 kW/m. The test results showed that the range of 

heat transfer coefficients is 1.5~8 kW/(m2·K). Both the heat transfer coefficients and frictional pressure drop of

R1234ze increase with the rise of mass flux, and decrease with the rise of saturation temperature. Compared 

with R134a and R32, the heat transfer coefficient of R1234ze is relatively low (22% lower than R134a and 31%

lower than R32), and the frictional pressure drop of R32 is higher than R1234ze. After comparing the results with

several typical predicted correlations, it is shown that Baird model can predict the experimental heat transfer 

coefficients well relatively and Müller- Heck model can predict the experimental frictional pressure drop with best

accuracy. 

Keywords  refrigerant ; R1234ze; condensation heat transfer coefficients; frictional pressure drop 

二氧化碳套管式气冷器换热性能的实验研究［刊，中］ 



吕 静  徐 峰  王金雨  朱思倩  石冬冬 

（上海理工大学环境与建筑学院 上海 200093） 

摘  要  总结了不同形式 CO2气冷器的国内外研究现状，对直管、矩形螺旋和圆形螺旋三种套管式气冷器性能进行模拟，提出

用单位压降换热量来评价超临界条件下气冷器的性能，根据模拟结果设计了一套矩形螺旋套管式气冷器，实验研究了气冷器的

CO2入口压力、进水流量和进水温度对气冷器传热系数、换热量、COP 以及换热器效能等性能的影响。结果表明：当气冷器 CO2

进口压力为 8 MPa，进水流量在 1.56 kg/min 和进水温度在 9 ℃时气冷器性能较优，系统 COP 最大可达 2.85。研究结果为

CO2热泵热水器中的实际应用提供参考。 

关键词  换热性能；实验研究； CO2热泵热水器；套管式气体冷却器 

Experimental Study on Heat Transfer Performance of CO2 Casing Tube Gas Cooler 

Lü Jing  Xu Feng  Wang Jinyu  Zhu Siqian  Shi Dongdong 

(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai, 200093,

China) 

Abstract  The CO2 gas cooler of different forms having been studied were summarized at home and abroad. The 

performance of three gas coolers，straight pipe, rectangular spiral pipe and circular spiral pipe were simulated,

putting forward the heat transfer amount of unit pressure drop used for evaluating the gas cooler performance

in the supercritical condition. According to the simulated result, a set of rectangular spiral casing gas cooler was

designed and the influences of CO2 inlet pressure, inlet water flow and inlet water temperature on heat transfer

coefficient, heat transfer amount, COP and heat exchanger efficiency were studied experimentally. The results 

show that the system COP can reach 2.85 when CO2 inlet pressure is 8MPa, inlet water flow is 1.56kg/min and

inlet water temperature is 9℃. The results can provide reference for the practical application of the CO2 heat 

pump water heater. 

Keywords  heat transfer performance; experimental study; CO2 heat pump water heater; casing tube in tube 

gas cooler 

单面波浪平板脉动热管的传热性能［刊，中］ 

夏侯国伟 1  孔方明 1,2  谢明付 1 

（1 长沙理工大学能源与动力工程学院 长沙 410076；2 中国人民解放军 92002 部队 汕头 515000） 

摘  要  对一种单面波浪平板脉动热管的传热性能进行了实验研究，分析在空气强制对流冷却条件下充液率、加热功率、倾角等

因素对其传热性能的影响。研究结果表明，除 0°倾角外，脉动热管的最佳充液率为 20%～30%，倾斜角度对脉动热管传热性

能的影响很小，但 90°时相对最好。脉动热管在 0°放置时其传热性能较差，在低充液率的情况下甚至丧失脉动效果，主要是



工质回流不畅的原因，与平板脉动热管的槽道设计有很大关系。此外低加热功率时热管传热性能存在波动，有时甚至不能启动。

关键词  脉动热管；传热性能；梯形通道；影响因素 

Heat Transfer Performance of Flat Pulsating Heat Pipe with Single-sided Wave Plate 

Xiahou Guowei1  Kong Fangming1,2  Xie Mingfu1 

（1.College of Energy and Dynamic Engineering, Changsha University of Science and Technology, Changsha, 

410076, China; 2.No.92002 Unit，people，s Liberation Army, Shantou, 515000, China） 

Abstract  Heat transfer performance of a flat pulsating heat pipe with single-sided wave plate was 

experimentally investigated. Influence factors of heat transfer performance were analyzed under the effect of 

forced air convection cooling conditions, including liquid filling ratio, heating power and inclination angle. The 

result show that the best liquid filling ratio of pulsating heat pipe is 20%~30% except laid at 0° angle. The effect 

of inclination angle on the heat transfer performance of pulsating heat pipe is very small, but 90° is relatively the

best. Heat transfer performance of heat pipe is poor when it is laid at 0° angle, even lose pulsating effect when 

liquid filling ratio is low .The main reason is that the backflow of working fluid is difficulty, having a lot to do with

the design of groove of plate pulsating heat pipe. In addition, heat transfer performance of heat pipe may be 

undulated when heating power is low, sometimes heat pipe even can't start. 

Keywords  pulsating heat pipe; heat transfer performance; trapezoidal channel; influence factors 

不同提升高度对气泡泵性能影响的理论与实验研究［刊，中］ 

赵荣祥  刘道平  梁 俣  陈永军  陆引哲 

（上海理工大学制冷技术研究所 上海 200093） 

摘  要  为了能够更加准确的掌握影响气泡泵运行性能的参数，提升 Einstein 制冷循环的性能，在大气压下以饱和水为工质，

建立了气泡泵工作的理论模型，开展了相同沉浸比下不同的提升高度对气泡泵提升性能影响的实验。根据理论分析和实验结果，

发现在保持其他影响因素不变情况下，理论值与实验值基本趋势一致，液体提升量与竖直提升高度成反比，提升量相差最大可达

0.82 g/s；提升效率与提升高度成正比，提升效率最大减少量达 10.16 %，对整个制冷系统的性能有重要影响。 

关键词  制冷；气泡泵；两相流；竖直提升管；Einstein 循环 



The Theoretical and Experimental Research on Performance of Bubble Pump with Different Lift 

Height 

Zhao Rongxiang  Liu Daoping  Liang Yu   Chen Yongjun  Lu Yinzhe 

(Institute of Refrigeration Technology, University of Shanghai for Science and Technology, Shanghai,200093, 

China) 

Abstract  In order to grasp the influence parameters of bubble pump performance more accurately and 

improve the performance of Einstein refrigeration, the theoretical model and experiment on bubble pump were

carried out with water as the working fluid at atmospheric pressure by using different lift height under the same

immersion ratio. According to the theoretical and experimental results, it is found that under the condition of the

other factors unchanged, the theoretical and experimental results have the same trend; the amount of the lifted

liquid is inversely proportional to the lift height, the lifting capacity difference can reach to 0.82g/s; the lift height

is proportional to the lifting efficiency, and the maximum lifting efficiency difference can reach to 10.16%, which 

has an important effect on the whole refrigeration system. 

Keywords  refrigeration; bubble pump; two phase flow; vertical lift tube; Einstein cycle 

载冷气泡直接接触式对流换热过程熵产分析［刊，中］ 

王 炜   张学军  江 敏 

(浙江大学制冷与低温研究所 杭州 310027) 

摘  要  研究了载冷气泡和制冰溶液的直接接触换热过程，建立了对流换热微分方程，得到了努塞尔数和雷诺数、普朗特数的传

热关联式，通过实验数据验证了模型的准确性。利用传热关联式，针对换热过程的熵产作了分析，在以气泡直径作为换热特征尺

寸下，换热过程中熵产数随着雷诺数的变化存在最小值。研究为直接接触式对流换热过程的优化提供了理论基础。 

关键词  直接接触式换热；载冷气泡；熵产 

Entropy Generation Analysis of Direct-Contact Heat Transfer between a Single Cold Air Bubble and 

Immiscible Liquid 

Wang Wei  Zhang Xuejun  Jiang Min 

(Institute of Refrigeration and Cryogenics, Zhejiang University, Hangzhou, 310027, China) 

Abstract  In terms of direct-contact heat transfer process between cold air bubbles and immiscible liquid, the

convection heat transfer equation was established and solved numerically. A correlation between Nu and Re as



well as Pr was obtained, and the validation of the model was verified by comparing the theoretical value and the

experimental data. Entropy generation during the heat transfer process was studied. The variation of entropy 

generation rate was presented regarding Re. An optimal Re would lead to a minimum entropy generation during 

the heat transfer process. The research provides a theoretical basis of optimizing the direct-contact heat transfer 

process. 

Keywords  direct-contact heat transfer; cold air bubbles; entropy generation 

散热器散热过程的场协同分析［刊，中］ 

诸 凯  杨 洋  魏 杰  崔 卓 

(天津商业大学天津市制冷技术重点实验室 天津 300134) 

摘  要  大型计算机服务器 CPU 的散热问题始终是业内专家关注的焦点，为此推出了多种不同类型的 CPU 散热装置。为了提高

散热器对流换热的性能除了采用强化换热措施外，流体速度场与温度梯度之间的协同程度也将影响其换热效果。本文对一种新型

结构的芯片散热器进行了实验研究，通过 PIV 实验测试以及运用流固耦合进行数值计算，获取了实验风道中散热器周围的速度场

和温度场。在此基础上利用场协同理论对其换热过程进行了分析，得出了颇有参考价值的研究结论。 

关键词  散热器；PIV；场协同分析；数值计算 

Analysis for Fields Synergy in Heat Dissipation Process of Heat Sink 

Zhu Kai  Yang Yang  Wei Jie  Cui Zhuo 

(Tianjin University of Commerce，Tianjin Key Laboratory of Refrigeration Technology,Tianjin， 300134，China)

Abstract  In a mainframe computer system, CPU cooling problem has always been the focus of industry 

Experts. Some novel heat sinks were presented to strengthen the heat transfer effect during heat transfer 

process. A mathematic model of the CPU heat sink in the experiment duct was developed and compared with 

experiments. Based on the experimentresearchof the CPU heat sink, the velocity field and the velocity gradient

field of the heat sink in the duct were acquired by PIV and fluid-solid coupling numerical calculation. It is showed 

that the synergy of the velocity field and the velocity gradient field in an entire flow domain would affect heat 

convection of CPU heat sink. The results of the study was possible to improve the performance and the design of

CPU cooling system. 

Keywords  heat sink；PIV；field synergy；numerical calculation 

气体分配器结构对压力波制冷机内流动及性能的影响［刊，中］ 



郑闽锋  刘 曦  黄 成  林跃东  雷晓健  李学来 

（福州大学化学化工学院 福州 350002） 

摘  要  采用理论分析和实验研究相结合的方法，探讨了喷管型式、相对充气时间等气体分配器结构因素对压力波制冷机内流动

及性能的影响。结果表明：膨胀比ε在 2.0~12.0 的范围内，采用收缩型喷管形成的入射激波最强，缩放型喷管次之，匀直喷管

最弱，因而采用收缩型喷管时的冷效应最强；最大制冷效率ηmax 随相对充气时间τ的增加先增大后减小，在ε=4、振荡管长

径比 L/d=400、气体分配器喷射孔的相对深度为 0.55 的情况下，制冷机最佳相对充气时间约为 0.06；相对充气时间τ<0.075

时，振荡管的最佳激励频率 fopt 为制冷效率曲线第二波峰的频率，τ>0.075 时则为制冷效率曲线第三波峰的频率。 

关键词  压力波制冷机；实验验证；气体分配器；喷管；制冷效率 

The Structure of Gas Distribution on the Flow in and the Performance of Pressure Wave Refrigerator

Zheng Minfeng  Liu Xi  Huang Cheng  Lin Yuedong  Lei Xiaojian  Li Xuelai 

(College of Chemistry and Chemical Engineering, Fuzhou University, Fuzhou, 350002, China) 

Abstract  The influence of some structural factors, i.e. the nozzle style, relative gas charge time on the flow in

and the performance of pressure wave refrigerator are analyzed theoretically and studied experimentally in this

paper. The result show that the strength of incident shock wave is strongest when using the contraction nozzle,

follows by using the laval nozzle, and is the weakest when using the uniform nozzle when the ratio of the 

expansion ε is form 2.0 to 12.0. Thus the cooling effect of pressure wave refrigerator is strongest when using the 

contraction nozzle. The maximun refrigerating efficiency ηmax is increased first increased and then decreased by

the relative gas charge time τ increased. The optimum the relative gas charge time τ is 0.06 nearby when the 

ratio of the expansion ε is 4, the ratio of length to diameter L/d is 400 and the ralative depth of the jet hole in gas

distribution is 0.55. When τ>0.075, the optimum pulsing frequency (fopt) is on the refrigerating efficiency of the

second peak, but fopt is on the refrigerating efficiency of the third peak with τ>0.075. 

Keywords  pressure wave refrigerator; validation; gas distribution; nozzle; refrigerating efficiency 

无接触热阻全铝换热器空调系统制冷性能研究［刊，中］ 

荣 俊  王义春  王瑞君  贾润泽  唐 帅 

（北京理工大学 热能与工程研究所 北京 100081） 

摘  要  本文用新型无接触热阻全铝换热器对传统家用空调换热器进行了替代设计，利用空气焓值法对使用新型换热器和管片式

换热器的家用窗式空调器进行对比实验，优化并测试了毛细管规格和制冷剂充灌量对新型换热器空调系统制冷性能的影响。研究

结果表明：新型无接触热阻全铝换热器在换热面积减小 37.53%时，制冷量反而提高 3.59%，能效比 EER 提高 7%。新型换



热器有更强的换热能力，是目前家用空调换热器的理想替代产品。 

关键词  空调器；制冷性能；无接触热阻换热器；全铝换热器；实验研究 

Cooling Performance of Air Conditioning Systems with Non-contact Thermal Resistance Aluminum 

Heat Exchanger 

Rong Jun  Wang Yichun  Wang Ruijun  Jia Runze  Tang Shuai 

（Beijing Institute of Technology, Institute of Thermal Engineering, Beijing, 100081, China） 

Abstract  In order to replace the traditional heat exchanger of family air-condition, a new non-contact thermal 

resistance aluminum heat exchanger was designed. Enthalpy method is then used to do compare the cooling 

performance between new heat exchanger and tube-fin heat exchanger of household air conditioner. The 

capillary size and refrigerant charge capacity of air conditioner are tested and optimized for better cooling 

performance. The results show that the heat transfer area of the new non-contact thermal resistance aluminum

heat exchanger is decreased 37.53%, the rated cooling capacity is just reduced by 2.7%, EER increased by 7%

instead. The new heat exchanger has a stronger heat capacity and is the ideal alternative product for heat 

exchangers of room air conditioning. 

Keywords  air conditioner; cooling performance; non-contact thermal resistance heat exchanger; 

experimental study 

附加保温融霜装置的冷风机融霜实验研究［刊，中］ 

申 江  路坤仑  李慧杰  丁 峰 

（天津商业大学 天津市制冷技术重点实验室 天津 300134） 

摘  要  为了减小融霜热在融霜过程对冷库内温度变化的影响，对库内冷风机增设保温融霜装置，并进行了实验研究。结果表明

保温融霜和非保温融霜两种过程，库内上方区域温度均有较大变化。保温融霜过程温度变化相对较小，其整体波动温差比非保温

融霜低 3.2 ℃，且保温融霜方式的融霜时间缩短近 300 s；证明保温融霜装置在融霜过程中能够起到稳定库内温度和缩短融霜

时间的作用。 

关键词  热气融霜；保温融霜装置；温度场 

Experimental Research on Defrosting Process of Cooling Fan with Heat Insulation Defrosting Device 

Shen Jiang  Lu Kunlun  Li Huijie  Ding Feng 

（Refrigeration Key Laboratory of Tianjin, Tianjin University of Commerce, Tianjin,300134, China） 

Abstract  In order to reduce the effect of defrosting heat in the process of cold storage defrosting temperature 



change, a heat insulation defrosting device is additionally provided to the air cooler in the storage, and the 

experimental study was carried out. The results showed that in the defrosting processes with and without heat

insulation, the temperature of the upper area in the storage changed greatly. The temperature changes 

relatively small during the heat defrosting process with heat insulation, and the overall fluctuate temperature 

range is 3.2 ℃ lower than that without heat insulation. In the meantime, the defrosting time with heat insulation

is shortened by nearly 300 s, which proves that the insulation defrosting device can stabilize the storage 

temperature and shorten the defrosting time in the defrosting process. 

Keywords  hot gas defrosting; heat insulation defrosting device; temperature distribution 

一种新型冷藏车箱体模型的设计与实验验证［刊，中］ 

夏全刚  刘宝林  宋晓燕 

（上海理工大学 生物系统热科学研究所 上海 200093） 

摘  要  设计了一种具有蓄冷功能的冷藏车箱体模型。为了评估此箱体的保温功能，首先对其传热效果进行了三维数值模拟，然

后以上海青为例对其进行了实验验证。结果表明，此冷藏箱体可以有效地减缓冷藏运输过程中上海青的温度回升速率，说明在冷

藏车的箱体中添加复合相变材料可以提高其保冷效果。 

关键词  冷藏车；蓄冷；数值模拟 

Design and Experimental Verification of a New Type of Refrigerator Car Vehicle Model 

Xia Quangang  Liu Baolin  Song Xiaoyan 

（Institute of Biothermal Science, University of Shanghai for Science and Technology, Shanghai, 200093,China）

Abstract  A new type of refrigeration cabinet with composite phase change material was designed in this paper.

In order to assess the refrigerator heat preservation function. First of all, the three dimensional unsteady phase

change heat transfer process with variable heat source was simulated and calculated by ANSYS software. Then

the simulation results were verified experimentally with cold storage and transportation of 

Shanghaiqing(Brassicachinensis L. ), The results showed that the temperature rise of Shanghaiqing inside the 

cabinet was delayed when the composite phase change materials was applied. So that adding composite phase

change material can effectively improve the effect of the cold in refrigerated vechicle. 

Keywords  thermal engineering; refrigerated vehicle; cold storage; the numerical simulation 

醇类保护剂对猪软骨低温膨胀过程的作用［刊，中］ 

余华星  李代禧  胥 义  刘 立  翟 振  张 燕 



（上海理工大学医疗器械与食品学院 上海 200093） 

摘  要  在对关节软骨进行低温保存时，常常会观察到低温断裂现象，然而其生物力学性能的低温损伤机理至今仍不甚明确。采

用热机械分析仪，在 0℃到－60℃的温度范围内，在不同慢速降温速率下，研究了四种醇类低温保护剂对猪关节软骨热膨胀行为

的影响。结果表明：降温过程中，软骨细胞外存在的热膨胀现象，导致关节软骨产生了较大热应力；当添加浓度较高的乙醇和乙

二醇时，降温速度越快，关节软骨产生的热应力越大，因而，降温速度越慢，越适合关节软骨的低温保存；而添加 1,2-丙二醇

和甘油时，则存在最佳降温速率(3℃/min)，最佳降温速率下的软骨产生的热应力最小。同时分析结果表明，四种醇类低温保护

剂中，甲基化高的醇类保护剂的热膨胀保护效果更优。 

关键词  低温保存；热应变；热机械分析仪；关节软骨；慢速降温 

Effects of Cryoprotectant on Thermal Expansion of Articular Cartilage during Freezing Process 

Yu Huaxing  Li Daixi  Xu Yi  Liu Li  Zhai Zhen  Zhang Yan 

（Institute of Medical Instrument and Food Engineering，University of Shanghai for Science and Technology，

Shanghai ,200093,China） 

Abstract  Low-temperature fracture is often observed during the low-temperature preservation of articular 

cartilage. However，the biomechanical damaging mechanism of cryopreservation is still unclear. During freezing

from 0℃ to -60℃，Thermal Mechanical Analysis (TMA) was used to investigate the effects of 4 kinds of 

cryoprotecants with different concentrations. The results indicate that:（1）the cartilage produced a great thermal 

stress due to the extracellular thermal expansion during the cooling process；（2） when adding a higher 

concentration of ethanol and glycol，the faster the cooling rate，the greater thermal stress the articular cartilage 

will produce，and thus，slower cooling rate is more suitable for the cryopreservation of articular cartilage；（3）

while adding 1, 2 - propylene and glycerin，there is an optimal cooling rate (3℃/min) and it produces cartilage 

a minimal thermal stress. Moreover，cryoprotectants of higher methylation will contribute better protective effect

to the thermal expansion among the 4 kinds of alcohols. 

Keywords  cryopreservation；thermal strain；thermal mechanical analyzer； articular cartilage；slow cooling 

rate 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


