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The small-sized of low-pressure air conditioner
Mr. Parkpoom Ketrunghiran 47010557
Mr. Seharat Khunta 47010844
Mr. Suthep Raeon 47010865

Assc.Prof. Tawatchai Nakpipat Advisor

Abstract

The purpose of this project is to develop the small-sized of low-pressure air
conditioner. It was done by the mixing of vapor-compression refrigerating system and
flooded system. The system utilized the evaporation of the refrigerant that flooded over
the evaporator. In this case, R-11 has been used as the refrigerant and the root
supercharger has been used as compressor. Variable speed motor was used as power
source of compressor. The focus of this project was on the refrigerating capability of the

system by using the minimum power in order to compress the vapor of the refrigerant.
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UNN 4
NADNTINAADI

fnuagaumMuINAIZ U (Meludes 27°C db 19°C wb uenvioanage 35°C db

24'C wb)
Frequency(Hz) 30 35 40 45 50
Pressure (Bar)
Evaporator in 0.944 0.944 0.944 0.875 0.808
Evaporator out 0.875 0.875 0.875 0.806 0.772
Compressor in 0.841 0.841 0.841 0.772 0.737
Compressor out 1.806 1.875 2.013 2.082 2.254
Condenser in 1.737 1.806 1.944 2.013 2.151
Condenser out 1.703 1.772 1.910 1.944 2.010
Liquid line 1.565 1.599 1.634 1.634 1.668
Temperature (°C)
Evaporator in 216 21 20.3 19.4 17.1
Evaporator out 241 235 224 21.5 19.3
Compressor in 27.4 26.4 26.2 25.7 24.6
Comp. out, Cond. In 87.4 91.3 94.9 99 104
Condenser out 35.6 36.2 36.8 37.2 37.8

AN 4-1 1AAINANIITNANBY NYUNHNMAINATFIY

Q
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Motor
Current 0.76 0.96 1.16 1.48 1.55
Voltage 235 270 304 343 380
Load (Heater)
Current 45 5.1 5.6 6.0 6.3
Voltage 145 170 190 205 220

AN 4-2 HAAINAMINANDY NYUHANMNINAIFIU(AD)

4.1 P-h diagram 310N13NAa03

4.1.1 P-h diagram iN48 30 Hz

\ 4

221.18 403.53 438.23

51U 4-1 pnlaeumailian1izainnIgiu Awa 30 He

91003 P — h Diagram 403.53 kl/kg

—

438.23 k/kg

[N

= = =
il

-~

217.06 kl/kg



4.1.2 P-h diagram N1ANND 35 Hz

\ 4

217.65 402.35 440.59

517 42 ndmeumailianizinnsgiu Anud 35 Hz

il

9100351 P — h Diagram 402.35 kl/kg

—

440.59 kJ/kg

[N

= B =
il

217.65 kl/kg
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4.1.3 P-h diagram n140 40 Hz

v

216.47 401.76 443.53

51l 4-3 pslaneumailiianiizinasgiu Anud 40 Hz

Il

10051 P—h Diagram 401.76 kl/kg

—

443.53 ki/kg

L)

= = =
Il

Iy

216.47 kl/kg
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4.1.4 P-h diagram 10 NA 45 Hz

215.88 401.76 44588

517 4-4 nraneumallian1zinasg iy AN 45 Hz

il

910n5 P — h Diagram 401.76 kl/kg

—

44588 kl/kg

- =
[
il

il

215.88 kl/kg
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4.1.5 P-h diagram 1in18 50 Hz

v

214.12 401.76 448.24

51 4-5 pnvlmeumallnanizannsgiu AN 50 Hz

NN P-h Diagram h, = 401.76 kl/kg
h, = 448.24 kJ/kg
h, = h, = 214.12 kJ/kg

4.2 HaNIIMUIN

@

Jethapamssiugesiimaie # ldninranisneass mdmuiuaugasas 1

Hgungiiomagoumuinasgiu Mnnudueines 30 Hz

° 3 Aa 4 A
HAaMINIANUYUN DNWOLIIADT 113
Opglm, = b,—b, kJkg
= 186.47 kl/kg
¥ t:i r'd A
WANITTZUNYANUIBUN ADUIAULIYDT A
Qcand /mh = hz - h3 kJ/kg

= 221.17 klkg
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P Y P
ATUNADUNT TLEDTADINT AD
W.Im = h2 —h, kJ/kg

= 347 Klkg

a A o < R
Ys2aNEMNMINIA11EUNATIN P — h Diagram Ao

h—h
COP, cal = hl ;
2 T

= 5.374
e A i Fusomos
Protor = J3IV cosO

= V3 X076 % 235x0.78

= 0.241 kw

Pload = v
= 4.5%145

= 0.652 kw

a a o < =
ﬂigﬁﬂﬁﬂ']wn']iﬂ']ﬂj']lllﬂu%iq ﬁﬂ

COFqy =

9R51MINUNTINU (Energy Efficiency Ratio) A9

EER,, = COP_ x3.412

cal

= 5.374 x 3412
= 18.33

EER _, = COP

Teal

L x3412

= 2.7 x 3.412

= 9.21
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Frequency(Hz) 30 35 40 45 50
Power motor (kilowatt)
Power motor 0.241 0.350 0.476 0.685 0.795
Power load (kilowatt)
Power load 0.652 0.868 1.064 1.230 1.386
copr
COP calculate 5.374 4.831 4.436 4.213 4.037
COP real 2.7 248 2.24 1.796 1.743
EER
EER calculate 18.33 16.48 15.13 14.37 13.77
EER real 9.21 8.46 7.64 6.13 5.95
MR 43 nEnaramsfuIn ﬁqmwgﬁmummgm
Power input (kilowatt)
Power input 0.627 0.576 0.479 0.45
Power load (kilowatt)
Power load 1.917 1.898 1.789 1.740
COP by-pass
COP by-pass 3.05 3.29 3.73 3.86
EER by-pass
EER by-pass 10.43 11.25 12.75 13.20

A ° =1 A v y 9 d
MINN 4-4 nmmnamimmmmumaqmsaqﬂsummﬂmmﬂaumsawas

luszuumsnugumsmanudulasisemalemoihnubu Jdmsinmnuiur-12)
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Power input (kilowatt)

Power input 1.959 1.777 1.377 0.996 1.214
Power load (kilowatt)

Power load 1 5.527 5.358 T 5.281 4.224 4.803

COP exv
COP exv 2.822 3.016 3.834 4.241 3954
EER
EER exv 9.629 10.291 13.081 14.31 13.493

d' o < d’ [ % L4 d
MI39N 4-5 !!ﬁﬂdﬂ’m’ﬂ57]1?]’313]!?]1—!“1!94!?\5601‘51]61ﬂ1ﬂm%ﬂﬁul‘w5ﬁ!°ﬁﬂ5

v 3 a ~ a'J I ~ I I
Tupiswannldsunsuwentunudaansefiaddaduluiunaazdunesines

fmsuinseamanuduvinain EXV d¥msinnumdur-22)

ey 1 EER > 6.6
o3 2 EER > 7.6
1wes 3 EER > 8.6
o3 4 EER > 9.6
ey s EER > 10.6

4 < q o (%
MINTA 4-6 naaavssnIosSuermalutegiu
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15 e e man e e wne o vn o w srwi e e ae e e o v remn s run e o mr oo an ot v st o
* EXV !
14 - g
13 ¢

12 4 Daikin
& ¢ Mitsubishi
TOStha” . .
Econo Air LG Samsung
10 - :

11 A

EER

R
Supercharger ;
8 - |

7 -

6 1 T I T T l T T T
02 03 04 05 06 07 08 09 1 1.1 1.2

Power input (kw)

A 4-5 naaamanfSeumeunuildnu EER szunansesdSuamanitilg liniesnaia

ATIWAANMN | Powerinput | Power load CcoP EER R.E
(kilowatt) (kilowatt) (Btu/hr)
Mitsubishi 0.796 2713 3.41 11.62 9265.63
Econo Air 0.786 2.548 3.24 11.06 8704.01
Daikin 0.773 2.649 3.43 11.70 9049.65
LG 0.880 2.869 3.26 11.12 9799.26
Samsung 1.072 3.495 3.26 11.12 11935.18
Toshiba 0.781 2.604 3.33 11.37 8891.67

[

y a A o ! [ o 2
M3 4-7 naasmdszansmmmahinnuduveuniealSuaimannazaswannuainga

A 4 L
renuNNNaInmalutlogiiy
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Abstract

The purpose of this project is to develop the smali-sized of low-pressured air conditioner. It is done by the mixing of vapor-compression
refrigerating system and flooded system. The system utilizes the evaporation of the refrigerant that floods over the evaporator. In this case,
R-11 has been used as the refrigerant and the root supercharger has been used in as compressor. Motor power will be the power source for
operating the supercharger. The focus of this project is on the refrigerating capability of the system by using the minimum power in order to
compress the vapor of the refrigerant.

© 2006 Department of Mechanical Engineering, KMITL. All rights reserved

Keywords small-sized low-pressure air conditioner; flooded system
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a ¢ < € v A % o
1.891W01919185 (Evaporator) (ugunsoindnfiviwihigasy
PSinuenusaunnusnaidsamsyheaEu
2.00uaniTe3 (Condenser) \Hugunsallddmiussinaanudon
A o < LG
Wb lomsvnanuduenuuriumiuanaman
3.AONINTALTES (Compressor) ﬁmﬁwﬁslums@mLLazémmﬂu
aoueiifiule
4 mdeuaumslaresaavinenudu (Expansion Valve) v

L3 dl o [ dl v oA [
whitenugamslnaresensvnensnduiiavlnaluddmasiens
lasananuduasssianudulddasauanisnssved
Qo e 161

1 ;% o i1 [ 6
5.2 (Tube) sl'ﬁa’emsmmmwiﬂmQUnsmmaq

;‘i’u A f;ﬂld ° ) 1 o ﬁﬁl A A
wannbeadgUnsniie N itussmsynudundnda
6.61N384 (Filter-Drier) Ynhfigaantuuaznsosdeanysn

oA o G w4 ¢
eufigsyhenadwdngdnwasians
7.n5vanuaahen (Sight glass) Aadsdmiunagaavhaai

maluszuuiiRemanss s
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4 I Condenser . . .3
LA J
\qumd Control - -[/;L
: 2 : 3
| ' v
by o
1 Evaporator [ Compressor

Al
‘.\_/’ \V«

2 21 usavssuumadalouuusTasm
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Huasman loefifigompAusamasisnaneninsnsemeyfes
v [
somnfiule usrgrenadauldargnaslusdmeasines
P . < a ¢ a
spasfisnsynansumamaludnwesmassameideu
somgnauifiuloszgaansdouanomesoundimalsiaed
mevanszv i Anafidasmsyhensuiullguvnianas
lofiflgnmpiuazanadudazgnasunsdgaion uazde
aan‘lﬂmwiadﬂué’nwmz‘la%aum@@aﬁﬁqmmﬁLLaxmméTuq\a

Waselundushasiurasmmfnoueuwaslaamsssinyans
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oA

Yauaan vtlrahuda ismsvnanudugninduanldladn s
ynensfunfgamnfuaranadugargnanamasiulagmsa
% o < o ¢ 4 I3 o ¢ \1
dhlugaendunuiundr Faendunuiundiazaigunisine

o < ‘S' 2/ v 6l :’1 lﬁl va
gassnshenaduiinsgnaadrldidnnasieasiness wia i

anNevLATaMRMANATY Wuduesuiginsmsyinam

7U# 2-2 P-h diagram gavTvuimsda lousysTINe

MSNNUYDITLLLYANMEUSINSONEAIRIE P-h diagram

v
v A
ONU

fianne 2>>3 @svhensiduamuslodaushazgniasau
naneiule¥ouennis

Aﬁ‘ ° [=4 & :xl 3

fanny 3>>4 asmansEuanimeladousradsinanh
Aauleniged wargnuaniiunuldnssuaumsanuduasd

° [ d‘d [ % tal g

Tasasianuduifianweivlodousnabsazmeoaiusonu
Tiuaawaugadaunssauusiiraaman

P . c A ' ¢ o I3

fane 4>>1 @svanabud varuendunndundiae

v c: 13 A d. ° t4
‘HEI']EIG]’JLLUUHNWLﬁNE)ﬂWHIG}ﬂi%U’J%ﬂW‘iL@%VHﬂ‘ﬂﬂﬂ‘ﬂ’ﬂwﬂﬂm

a (Y

AIMANNLACANHNAUANE

E] (1
]
A <

FENE 152 §19ManEud naniuinwalsiaes ax
LﬂﬁyuﬁmumnﬂummmnmaLﬂu‘la%a@@mm%aﬂuﬁmwaLs—

§ o a A . 2
9187 wﬂﬁqmmmammwwaLsma%mamaﬂmfnmLﬁuaaﬂm

2.6 masmnieNgdmsUsTULh e wLSa o

dmSunaNNTEEDSIaN M &t ueTdl
We=m.(hs— )

A A o w A9 ¢ i
g w, fa mdsilfvasnanmsaiges (Bu/min)

m, A0 YSsmansianaduiilnaduaoninsaigas
(Ib/min)

hy, @8 wumatlvasnsvianudunaudnoninsdgas
(Btu/Ib)

=) A I3 G A [ 3

hy A umatiaasssynanuufisananaauwsaizas
(Btu/lb)

dmiunawamEasannsh ifUSnuenaSaufitem
o X
aaneail
Qcona'= mh(h3_ h4)
Wa 0,0 08 USanuanadoufianyaanainaeuiauiess
(Btu/min)
a a o c A | ¢
m, Ao Ydimasieranduiinaruaauiauiras
(1b/min)
hy @0 lumallvasensiianadunouwdnaounwzes
(Btw/lb)
By A8 wumalasashensdufioananaauauigas
(Btw/lb)
L) w oA € d‘ 2 i ° < L% &:
dmiudnwasieesiiqumsfiidmeimsianadusai

Qeva = me(hZ - hl)
Wa Q,,, Ao MmN Euidnwalsieas (Btu/min)

o a A G A '\ A ¢
m, ®8 ﬂiﬂﬂmﬂ'l?‘l’]']ﬂ'l']NLE]u‘Yl\lﬁﬂN']HB'J']WBL?W]B?

e

(1b/min)
P & ° [ ' v A §
hl A9 LEUMATLDIF TN ANNIEUNAUND WL DS
(Btwib)
=3 = o < dl = [
h2 ) LaumaﬂmmmimmmLauwaanmﬂa’nwaﬁmai
(Btu/Ib)
ﬂNiiﬂHS‘HaQTSUUﬁWQQWNLﬁuaa
COP = Qeva/ WC

(Manewe : 1 kW =56.867 Btu/min
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4 HAMSNARDS
e msunioanAsgIL (meludas 27°C db 19°C wb uan

#aasday 35°C db 24°C wb)

requency 30 35 40 45 50
Iz)

Pressure (Bar)

o]
vaporator in 0.944 0.944 0.944 0.875 0.806

vaporator out

0.875 0.875 0.875 0.806 0.772

ompressor in 0.841 0.841 0.841 0.772 0.737

t
Ompressor ou 1.806 1.875 2.013 2.082 2.254

s
OnAensErIt 4 1937 | 1806 | 1944 | 2013 | 2151

t
ondenser ou 1703 1772 1.910 1.944 2.010

uid ki
1quid line 1.565 1.599 1.634 1.634 1.668

Temperature (°C)

: tor i
vaporator in 216 21 20.3 19.4 17.1

h 1 t
vaporator ou 241 235 224 215 19.3

‘ompressor in 27.4 26.4 26.2 257 246

;omp. out,

‘ond. In 87.4 91.3 94.9 99 104

‘ond t
ondenser ou 356 36.2 36.8 37.2 37.8

\ir

ut(Condenser) 40.3 40.7 41.8 421 42.7

Niy

ut(Evaporator) 27.0 27.0 27.0 27.0 27.0

]
] a

MseA 4-1NaN15NAGRS NAUURANANNINT N

Motor
Current 076 | 096 | 116 | 1.48 | 155
Voltage 235 270 304 343 380
Load (Heater)
Current 45 51 5.6 6.0 6.3
Voltage 145 170 190 205 220

M5 4-2KaN15NABRY ﬁqmﬂqﬁmummgm

fhathamamsimmutsanhemene) Aldnnuamsmaang s

Aumagasealiil

ﬁammﬁﬁmmﬂaummmmﬁm fenafinawas 30 Hz

q v

A

P

217.06 403.53  438.23

. ' Py .
U1 41 naAlaumatifidsansnasg I Al 30 Hz

NN P — h Diagram h, 403.53  kl/kg

h, = 43823  kl/kg

hy = by = 217.06  kl/kg
NaMIYhaNMEun Snwainaes fin

O/ m, = hy—hs kl/kg

' = 186.47 kl/kg
NAMIIHNUANISEUN AaueuEes  §o

Ocond ! mp= h,—h; klkg

= 221.17  kl/kg
a ¢ v A
INUNODNIWTFTDINDING OB

W, im, = h,—h, klkg
= 347 kg
UseBnEMWNYnemaduannsw P — h Diagram 9
COP, = hohy
hy—hy
' = 5.374
maa i iiusawas
Protor = V3IV cos O
V3X0.76% 235%0.78
| = 0241  kw
MaEh WuTing
Ploaa = v
= 4.5%145
= 0.652 kw
UseAvBmwmavhemnaiiugds fe ‘
COPy = %
~ 0.652
s 0.241

= 2.7

v
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Fa5IMsAUWENYU (Energy Efficiency Ratio) Mo

EER, = COP, x 3.412
= 5374 x 3412 Power input (kilowatt)
= 18.33
Power
BERL. = COP._ox 3412 inout 1959 | 1777 | 1377 | 1214 | 099
= 2.7 x 3412 Power load (kilowatt)
= 921
Power | 5557 | 5358 | 5281 | 4803 | 4224
load
Frequency(Hz) 30 35 40 45 50 COP exv
Power motor (kilowatt) COP | 9822 | 3016 | 3.834 | 3954 | 4241
cXv
Power motor 0241 | 0350 | 0476 | 0685 | 0.795 EER
Power load (kilowatt) fva 9.629 | 10291 | 13.081 | 13493 | 1431
Power load 0652 | 0868 | 1.064 | 1230 | 1386
COP
COP calculate s374 | 4831 | 4436 | 4213 | 4.037 A1597 4-5 udnsanIsTANNLERYasAIasSua AR 1F
COP real 27 248 204 1.796 1.743 ﬂi’)ﬂI»W‘ialﬂla‘ﬂ%ﬂ'l'iwmu'ltﬂ‘ilLﬂ‘iNLWi]ﬂ'J]JQNalﬁﬂﬂia%ﬂé
EER Endutuiundinazduiindines EXV
o a o ° I3 I3 2 ° I3
AMIULATAINANNLEUIWIALAN 11’5']‘5"']@\’3']31[;9%11-22
EER caleulate | 1043 | jeoag | 1503 | 1437 | 13.77 ( )
EER real 9.21 846 | 764 | 613 | 595
wed 1 EER > 6.6
aaef 4-3 wansAwans Agasmnfionssnasgueasgilad oS EER > 7.6
I3 &
%1391905 wed3 EER > 8.6
e EER > 9.6
s s EER > 10.6
Power input (kilowatt)
Power input 0.627 0.576 0.479 0.45
Power load (kilowatt) 15131 4-6 uamma‘?m‘%aaﬂ%umnwﬁ‘lui]aaqﬁu
Power load 1917 1.898 1.789 1.740
COP by-pass
COP by-pass 3.05 3.29 3.73 3.86
EER by-pass
EER by-pass 10.43 11.25 12.75 13.20

= ° [ a @ 19 o
M99 4-4 llﬂﬂ\‘lﬂﬁﬂ'ﬁﬂ']ﬂ?'\ﬂlﬂ%‘ﬂﬁ\lLﬂ‘iﬂﬂﬂ‘iﬂﬂ'\ﬂ'\ﬁm‘ﬂ
° < ad
ﬂﬂﬂLW‘iaL‘Zlﬂ‘ﬂ%‘iz'ﬂﬂﬂ'ﬁﬂ'i!JQNﬂ']‘iYnﬂ’nNl&l‘ﬂIﬁU?ﬁﬂ']ﬂW'\ﬂiﬂ

° [ ‘Iy ° <
famenen (LEsMaNUEuR-12)
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15 - . e A wm mveva s s vt sn sws seame w s mw,,.».i

H

e EXV !

14 | a

By-pass

13 ¢ i
127 Daikingmitsubishi 1
Toshlba: . ;
el Econo Air LG Samsungb
w i
w 10 4 f

. %
9 1 “Superchar
ger

6 T T T T T T T T v :
02 03 04 0506 07 08 09 1 11 12

Power input (kw)

ns Wil 4-5 wanensuSEURBUNWA WAL EER 521919

wianlfuameadialilg lufssnma

6151 Power Power COP | EER R.E

input load (Btu/hr)
wanAman | (kilowatt) | (kilowatt)

Mitsubishi 0.796 2.713 341 | 11.62 | 9265.63
Econo Air 0.786 2.548 3.24 | 11.06 | 8704.01
Daikin 0.773 2.649 3.43 | 11.70 | 9049.65
LG 0.880 2.869 3.26 | 11.12 | 9799.26
Samsung 1.072 3.495 326 | 11.12 | 11935.18
Toshiba 0.781 2.604 333 | 11.37 | 8891.67

5197 4-7 WaneenUsEAnEMmWITIANNLERES
4' o ] a ar Cd‘ =~ 2
msaaﬂinmmﬁLmamﬂNasmmmnz{ukaanmmn‘namam‘lﬂ
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5 Tisetuacaginanisnasas
5.1 dguamaneass
mnwams‘n(ﬂaaammmﬂqﬂwamsw@aaﬁ@’{ﬁo&

1. MNTLEAIANNINRUTS T a s sBnEmwmsthana
\fiL(COP) ﬁummﬁ@haq ﬁﬁm’szzmmﬁm WL aanw
mavaNdu(COP) atgufigaiinud 30 Hz namda 5.374
FmSuanisyAnSmwmsiiemandwCoPyIINM MU Uay2.7
SmSumussRninwnsvianduCoPIINMSNAFaUASY el

v A v . | o . \
n?ﬂ‘\ﬂﬂﬂﬂ'ﬁ‘\ﬂﬂaﬂiﬂﬂ‘\ﬂ?’l 30 Hz iﬂUUVWﬂﬂ‘\iﬂ@aaﬂQlﬁiN
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ANNDRNIU Wy Lwammnmeuwﬂwgmasmﬂmmwgum
‘3 -4 FL:.:A i [y | X
20 Wuna WiidaanaSaumemuiesnnau
2. ANNSMLEAIANNENNUTsEnIIUsLAnEmwnsvena
Bu (cop)  fumdflunsruy famavanasgiu wode
UszAnEmnmsiansadu(Cor) asgefige Walidunsroy
0241 kW &mSuidef WuissuuaInmsvesonads uaven
YseAninwmsvianadu(Cor) avilnanas Wamssniin
e X A ey das O T
Wiiuszunannu wee Wemdenliunsyuuinawinlfgnlas
¢ ¢ z X v a v v X
pi3aaaivasiu Wuns hifaanaseumadudissnnduens
1uéne
o v £ e w AN Y o A
3. ANNLERIAMNFNRUE ST IR Rsrutuns e
v P V a9 v o v
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