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A Study on a Novel Portable Cooling Unit With Air Purification for Displacement Ventilation
(Part 2 ) Experimental Investigation of Temperature Gradient and

Droplet Nuclei Removal Effectiveness
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This study focuses on the displacement ventilation (DV) method, which is capable of both energy conservation and
ventilation efficiency, and is a ventilation method that can form a thermal stratification in a room and efficiently exhaust
pollutants. In this study, we propose a portable displacement ventilation unit (PDVU), which is a mobile diffuser that not
only enhances thermal stratification but also purifies the air. In the previous paper, block model calculations and CFD
analysis were conducted. In this paper, experiments in a small chamber are conducted to verify the performance of this

unit.
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Table 1 Experimental condtion

Case name DV200 DV200 - PDVU200 DV300 - PDVU300
Supply air flow rate from DV diffuser Q, [m’/h] 200 200 300
Supply air temperture from DV diffuser 7, [C ] 6.0 6.0 6.0
Supply air flow rate from PDV unit O, [m’/h] - 200 300
Supply air temperature from PDV unit 7,,, [1C ] - 6.0 6.0
Hot - air temperature from PDV unit Q,,, [m*/h] - 200 200
Supposed COP of PDV unit - 3.5
Supposed input power of PDV unit / [W] - 100
Heat emission rate of duct heater [W] - 450
Change the position of particle counter
Start or Finish
Waig“g%tﬁt); isig;gg'ls)g;mre dr(\%?éiiggufr(l)tr to Samplmg time Waiggfrefg;edtrg plet
( hours) get to steady state] (30 min.) backgraound count
(30 min.) (1 hours)
Start the neblizer Stop theA neblizer

Fig. 6 Measurement procedure
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Fig. 7 Air temperature distribution
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Fig. 8 Air and wall temperature ( DV200 - PDVU200 )

Table 2 Heat balance
Cooling power |Cooling power| Heating power | Heat emission rate Heat loss Input power
of PDVU of DV of PDVU of person simulator of PDVU /
Heating power of DV)-
QX (T, T, Cyp | OX(T-T)XCop| QT T)¥Cp| 100 %2 (tfeant
W] 7 W] (W1 L [C | [W] (Cooling f)\c;/v]verof DV)
DV200 - 183.56 - 16.44 -
DV200 - PDVU200 315.72 121.65 329.15 200 91.78 13.43
DV300 - PDVU300 289.81 159.25 444.59 195.54 154.78
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Fig. 10 Vertical number concentration of droplet nuclei

R & BER O IAAR SR E DR B (\b 2R d, 7T 7
LV RROMEEBIRE N+ 2T/ SN & a2l Lz,
Fig. 10 |[Z& M ORIRZHAERE R 2~ 7, FHICIEA
T TE i DA E IR FE % HER O EISS B CRIME L L 7= e
LB BRE A %, iS50 5 5 DV300 - PDVU300
M. DV200 - PDVU200 £, DV200 S DNEIZ =
EREWER L7220 . PDVU IZ X 2 TRIEEER B A0
Roniz, £72. EFHFBOS%Z RS &, DV200 5
TIN5 600 mm DF & £ T, DV200 - PDVU200
SAETITRD S 1100 mm D S F THUE LIRIREZ A S
BEZITIF 0122 BTV 53, DV300 - PDVU300
%#?ﬁ%#%nmmm®%éifﬁ@m@ﬁ%§
ZIFF 0o TWnD, LEXD, DVOHRITH
i@HWU% RETDHHMN,. EHIZ, PDVU OH R
R Q,, ERE LT DB ERORIFZRE 2/ &
SMABHZENTE, SOICEREERELY LR SE5
T ENRTEHAREMENE 2 H 5, Fig. 1112 DV200 -
PDVU200 &t DG HER DO FRIRBZAEER B (> 0.3 um)
W LT 7 7% m,md, 77780, PDVU OWGA
Ha=y MRESTHDH, P, D 2450 mm & S O
R FEE L PDVU O B K OE SR EE Py, % g5
&L P IEFIT/N éb\ﬂﬁliﬁﬁ%ﬁ&f;oﬂ\é ZEMb,

NelZ XD EREAT S TEAERIZOVWTHE L, 55

AT H A A LU IRT,

« SRR A - DV S TIRARTE O iR e &
B LTV L, PDVU 24 L 7= 4k Tld=s
FEckum, BFEHTIEE VIRWIRE S & 72
V. PDVU IZ L DiRERERILDHER TE 7o,

- ARZ : DV OAZRITH K0 & PDVU 2T 5, &
HIZPDVU L ORERREEZ RELST52 LT
L CENORIKZEHRE Z /NS TE, MA T,
BEEREOEI L LA IE6ND Z ERHLMNC
ot
A1%1%. DV OXPDVU DO#EK &S PDVU DRES %

NI A=HE LT, JlEREEREITOMRFNEITO T

ETHD,

2 E XM
1) A. Essa et al. : A Study on a Novel Portable Cooling Unit
With Air Purification for Displacement Ventilation (Part 1)
Parametric Study with Zonal Model and CFD Analysis For
PM Concentration and Temperature Distribution, 2023. 3, The
Society of Heating, Air - Conditioning and Sanitary Engineers

of Japan

2)5%% P22 5k Eﬁﬁﬁﬁa FORSLH : BAR S
HENICEWTHA buiﬂﬂ*—ﬁmﬂnr“&w'@%%?%
E@ﬁﬁ‘ﬁ%%ﬁﬁ:&&a‘%&ﬁ“\ H AT 58 55 2 G 1R A
SC4E No.544, pp.17-23. 2001.6

2 I CWGAA TS 285 % HEPA 7 4 V2 —|Z L W ilEza 3) Wan, M. P, C. Y. H. Chao, Ng, Y. D., Sze To, G. N., and Yu, W.
C.: Dispersion of Expiratory Droplets in a General Hospital
BTV D 2 LRI D, Ward with Ceiling Mixing Type Mechanical Ventilation
System, Aerosol Science and Technology, 41:3, 244-258,
2007
3. BhYIC 4) B J7 AT, Fﬁ?{llﬁfl]}}t B AL ﬁ%f‘éﬁ\ T e
AT AORERBRCR ORI SHge  2 RRERERE LD

AT 5 PDVU OVERERRGEZAT 9 726, /NI TF v >

Vs R AR O WE . A AR %
% pp.57-64, 2018.1

Ram LT 83



