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ABSTRACT

With China's rapid ceonomic development, ag well ag the perzuit of the high-quality
wark and life, the relative shortape of enerpy is becoming increasingly serious. Building
cnergy  consumplion s an imporanl component parl in the oational ceonomy  cncrew
consumplion, aod g condibioming and relrigeranon sysiem’s eneray consypmplion s ong ol
the mamn eneray consumplion of building eneray consumpiion, As one of the refngeration
gyvstoms, tho cvaporative condensed relrigeration system has the [caturcs of high olicicncy
ensrpv-conservation and water-conservation. But the research is still rare, related research
wtormaion and dala ane very Tack. Based on 1he above reasons, the evaporanyve condensed
eeltigeration systom had been in-depth rescarch and analysis in the issue, and the inain
rescarch eontents are asg Mollows

Based on CFD (computational fluid dvnamics) on pas-liquid two-phase approach. using
the VOF(volume of fluid) muluphase flow model, and the gas - lagquad owo-phase flow and
heal and mass bansfer compuotatonal model oulside horonlal heat exchanged b wias
established, the [Quid Now characteristics and heat and nass translfer phenomena was
gimulated by numerical simulation. Simulation results show that: in the gas - liquid two-phasc
process of counter current flow, the heat transfer of latent heat percentage ratio 1s more than
Q0% the wotal heal temafer e on gas - haquid mwerface, and the Taenl heal trmefer v of
eas - liquid two-phase counter current Jow is higher than that of the zas - liguid two-phase
concwrrent flow. The form of heat and mass transter in the pas - liquid interface is cansed by
water evaporation’s latent heat exchange based. supplemented by sensible heat exchange, heat
exchange 15 more conducive o eounter curmenl flow than thal of conewTent flow .

Thy evaporative condensed relmgeraton svstem s expermental device was introdueed
detailedly. The experimental device mainly was wsed o provide exparimental data lor the
validation of evaporative condensed refrigeration svstem models, and alse used to provide the
experunental research platform for evaporatve condensed refrigeration svstem performance
aplmmization, the coohing waler spray density, outdoor wir dry (wel) bulb emperature, air flow,
intake air relative humidity ete key parameters woere Tested [ore the enhaoced heat cransler
performance and refrigeration performance of the evaporative condensed refrigeration system.
and tested to pet the enerpy afficiency of the experimental system enersy efficieny ratio
{ £ER ) of 3,78 nearly in the nominal operation condilions, it is much igher than the relevant

mabiomial standards Tor evapuratyy condensed (svsem) chuller’s cneney eTMicieny ralio (FRER)

111



(7B requirement of not less than 2. 4) values.

The steadyv-stawe model of seroll compressors was established by the usage of efficient
muthod, the sieadv-stale distibulion paramelers’ models of e cvaporaor and cvaporative
condenser were cstablished by the usace of the distnbution parmmeters method, the
evaporative condensed reltigeration system model was established by the Usage ol sequential
madular approach. the comparison of the syvstem model through simulation and experimental
values shows that the sysiem cooled capacily simulation ¢mor s less than 1%, the system
condensed heat simulation error is within 14 error, and cocrey ellicicney ratio (KER)
gimulation creor 8 about [0%: thos, the result shows the high accwracy of the model of the
evaporative condenser rafrigeration svstem, and it can accurately simulate the thermal
performance of the system.

Based on the above study, combined simulation and expernmental means, the choee of
evaporative condensed celngeration system’s compressor, relrigerant, evaporator  and
enhanced heat transler research of svaporative condenser was analyred. The [ollowing
conclusions are oamed: (1) R134a is adapted 1o evaporarive condensed refrigeranon system:
as an allemabive 1o R22 refiigerant, R-4070C @ smlablke for doy-type evapomlor’s cvaporative
condensed relrigeration swatem: R-410A  1¢ switable [or Mooded cvaporator design of
evaporative condensed refrigeration system. (2) The enerpy efficiency ratio { /50 ) of flnoded
evaporator’s chiller system (K22 refrigerant is used) is higher than that of the drv-type
evaporator for about $.6%-14% (3} m a cerlain experimental range, for the effeel w the
vapurabve comdensed relfmieermion syslem porformaney, the gradation Trom much morge w
less is air wet bulb temperature, air velocity. relative humidicy ol the air, the cooling water
spray density orderly: i the same experimental conditions, the energy elliciency ol
gvaporanve condensed refrigeration system with which evaporative condenser’s heat
exchange el g wbe, oval be and twasted respectvely mlum mercases, and the merease 1s
gignilicantly.

The rapid szlection softerare for evaporative condensed plant was developed by using
Visnal Basic language, it can achieve the following functions: (1) according to bulding tvpe.
building size, predicted ARR  valucs, the main design pammeers of an cvaporative
congdemsed e fmgeraion plant can be selected ramdly Tor the manilaciurer w provide speeilic
design requirements basis. (2) When the detailed cooled capacity [or building réquirements is
confimmed. the main design paramerers of an evaparative condensed refnigeration plant can be
selected rapidly to check the manufacturer's specific product. wlich s produced to meer the
actual regurement or nel, Morcover, the actual  condinon of an enenay-conseryation
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demonstration project used evaporative condensed raefrigeration plant was introduced. The
ficld-lested resulls showed that: compared 1o the origmal waler-cooled refiigerstion plant
resource  svslem,  the  evaporative  condensd  refngeranon plnl oesource  svslem's
enerry-conservalion vale was 16.3%, and 11s enerey- conservalion i was 349,79,

The results ol this issue can provide reliable theoretical and expermuental data [or the
gvaporative condensed refrigeration svstem's applications in the field of comforred air

condiionimg i buildings, and have important reference values

Keywords: Evaporalive condensced refngeranon system; Enhanced heal and mass ransfer;

Tumerical simulation; Perfarmance optimization; Temaonstration praject
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