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3. QuuYineas3ou (Condenser) = 90 °C

J <

4. QuVgiABALEY = 37 °C (qmwgﬁﬁm%’au 42°C)
5. [Isentropic efficiency = 80%

6. Degree of superheating = 4.0 °C

7. Degree of subcooling = 3.5 °C
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v 9

%290 Number Refrigerant 79 M13iloudiuiua1siiaundeanslseumounis

o ansotoulauiniiga 8 s

210 Isentropic Efficiency Ao NM3oulsz@nTa1nueq Compressor

A . A A o & ¥ o A
2.1.4 1990 Number Refl’lgel‘antLW@La’E]ﬂa’]iﬂ’lﬁ’luiui3ﬂﬂﬂﬂﬂ3’lui'f)uu'ﬂﬂf]ﬂllalw@

= o v d'
WFeuNeuMIMOUveITEUY muﬁﬂﬂugﬂﬂ 2.5

I

A

mstleuFeasmarumg luseq Refrigerant Yondoudoailugonnlullsunsuminiu 3
aunsadonanstham 18 2 ngu fie mshasiia@eazaslseney duaaalugid 2.6
Tas  ashnuriia@eddmiy Computer 64 bit am1sng¥e 1d1ulaEnnse3 C:\Program
Files (x86)\Benzaky\VCHP\fluids
NsNUTTiaReId M3 Computer 32 bit am1ng¥e1d1ulaEanse3 C:\Program
Files\Benzaky\VCHP\fluids
SURAN IS U Computer 64 bit 413130970 1811 1A N385 C:\Program Files
(x86)\Benzaky\VCHP\mixtures
3N dINTY Computer 32 bit dm13ng¥e1d1ulaTnn383 C:\Program

Files\Benzaky\VCHP\mixtures
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E# Vapor compression heat pump

| S

Comparision Working Fluid of Compression Heat Pump

Initial Condition
Heat Capacity of
10 Evaporator (kW)
3.5 Subcooling ('C)

100 Safety Factor (%)

Number
M Refrigerant

Back ‘

BE
B
B
B

Clear Data

Evaporating Temperature ('C)

Condensing Temperature ('C)

Superheating ('C)

Isotropic Efficiency (%)

Calculate ‘

‘ﬂﬁ 2.3 ﬂﬁﬂ’t’)uﬂl@ﬂﬁfﬂiL‘LGEJ‘UL‘VIfJ‘Uﬂﬁ“VI”Ix‘]”I‘L!GU?Nﬁ”ISVINTHGHuﬂ@]”lx‘]“]

3 Vapor compression heat pump

= | [E] | |

Comparision Working Fluid of Compression Heat Pump

Initial Condition
Heat Capacity of
10 Evaporator (kW)
3.5 Subcooling ('C)
100 Safety Factor (%)
Number

3 M Refrigerant
R22 Refrigerant 1
R11] Refrigerant 3

Back ‘

50

90

80

R134A

q1d-

Clear Data ‘

Evaporating Temperature ('C)

Condensing Temperature ('C)

Superheating ('C)

Isotropic Efficiency (%)

Refrigerant 2

Calculate ‘

“lJ“ﬁ 2.4 miﬂ@umaua%mimmuiuﬁ UUﬂiJﬂ’JﬂJi@umJ“]J@ﬂhlﬂ

Maejo University

19



School of Renewable Energy

Maejo University
b@v‘ . » Computer » Local Disk (C:) » Program Files (x86) » NIST » RefProp7? » fluids
Organize * Include in library « Share with = Burn MNew folder

X Favorites Name : Date modified Type Size
Bl Desktop || 1BUTENE.FLD FLD File 8KB
& Downloads || ACETONE.FLD FLD File 6KB
| Recent Places | AMMONIAFLD FLD File 24 KB
4@ SkyDrive || ARGON.FLD FLD File 33KB
|| BENZENEFLD 14/9/2549 11:55 FLD File 6KB
i Libraries || BUTANEFLD 22/7/254516:38 FLD File 33KB
3 Documents || C2BUTENE.FLD FLD File 6KB
47 Music || CAFL0.FLD FLD File 5KB
[ Pictures || CSFIZFLD FLD File 5KB
B videos L] C2.FLD FLD File 20 KB
L] CO.FLD FLD File 18KB
1M Computer || CO2.FLD FLD File 28 KB
a Local Disk (C:) || COS.FLD FLD File 6KB
a Local Disk (D:) || CYCLOHEX.FLD FLD File 9KB
a Local Disk (E) || CYCLOPRO.FLD FLD File 5KB
& CD Drive (F) || D2FLD FLD File 6KB
|| D20.FLD FLD File 13KB
€ Network | DECANEFLD 9 FLD File 18KE
DMEFLD f9/2540 12:08 FLD File 13KB

‘ﬂﬁ 2.5 G]f@?ﬂ31/]1\1114“]514@]6’13&@8’31’1@113J15ﬂl3ﬂﬂi%mlﬂ

4 < o 4 o o &
2.1.5 Lﬁaﬂawﬁ)@yjauﬁlmﬁiﬂﬁlmmiLaaﬂ Calculate Lﬁ@ﬂ’]uﬁmﬂ’lﬁﬂ’l\ﬂum@Qﬁgﬂﬂﬂllﬂﬁ'lll%}’E’]u
[y, A A 9 9 ] A A A Y @ o 9
LLTJ‘]Jf]ﬂll@ 109N Clear Data Lilﬂﬂﬂﬂﬂ'lﬁﬂﬂuéllﬂyacljﬂiﬁﬂ 1I0iaen Back LN@@]?)Qﬂ']ﬁﬂﬁUUlﬂEJQWU']

ms@engluumsmuim

A =1 o [ o 1 dy
2.1.6 1900 Caleulate T1/5unsuvznaniwamsifFouounsnauaie aae 1l
1 %3 a Q( QU {
COP uaaamduilszansanssouzsvedszuy aaaaslugili 2.6
1 90’ -7 o U
Vapor of volume teraqratfsmasvesansinauasivinvesasmaulussuy awaasly

2.7

=).

31/

Displacement volume naaawalTasvesansiau luaniue lensun Compressor AR
Tug1ldi 2.8

Compression discharge pressure !,!,’r;‘fﬂQﬁ1ﬂ31uﬁumﬂiﬁ1iﬁ1ﬁ1uﬁflﬁ)ﬂmﬂ Compressor AR
Tugzalfi 2.9

Discharge temperature Lgﬁﬂeqmwgﬁmmmiﬁnmﬁ@aﬂmﬂ Compressor ﬁ’um@ﬂugﬂﬁ 2.10

v [
Pressure ratio uamammaummmmwuqm’e)ﬂ'nmuﬁﬂuizuuﬂumm%’auuuua@"l@ 2N

D.

waaalugii 2.11

ﬂﬁ 2.12 l,l,ﬁ'ﬂxiNaﬂ1iﬂ1u’)ﬂ!i’)ll“l/l\1°ﬂllWU’ENﬂ1illﬁ'EliJL“I/IElUﬂﬁ“I/INWH"U’ENﬁWiLma 2UiA
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3 Vapor compression heat pump [EIEI_E_“J

Back COP

R1344 — COP = 5.25 (9
R123 — COP =6.51(7)
PROPANE — COP = 4.91 ()

517 2.6 MIUAAINANITAIUIU COP

U

B2 Vapor compression heat pump EIIEI

Back

Vapor of Volume

R11 - Vapor volume = 6.69 (10-3 m3/kg)
R123 — Vapor volume = 6,51 {10°-3 m3/kg)
R22 — Vapor volume = 5,11 {10-3m3ka)

gﬂﬁ 2.7 MIUAAINANTATUIN Vapor of volume
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EX Vapor compression heat pump

Back Displacement Volume

R11 --- Displacement volume = 15.97 (m3/h)
R22 — Displacement volume = 4,18 (m3/h)
R123 — Displacement volume = 22.29 (m3/h)

3191 2.8 M3uaaIwanI3A1UIY Displacement volume

|52 Vapor compression heat pump EI@

3

Back | Compression Discharge Pressure

i1

R11— Discharge Pressure = 6.61 (Bar)
R22 --- Discharge Pressure = 44.42 (Bar)
R123 — Discharge Pressure = 6.24 (Bar)

2.9 MsuaaINanIsAIUIN Compression discharge pressure

Maejo University
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B3 Vapor compression heat pump 3 au|elS)

sk | Discharge Temperature

R134A - Discharge Temperature = 101.73 (C)
R123 - Discharge Temperature = 93.00 (C)
PROPANE --- Discharge Temperature = 101,54 (C)

gﬂﬁ 2.10 MIUTAINAMITATUIN Discharge temperature

&3 Vapor compression heat pump E@g

Back Pressure Ratio

R1344 -—— Compression Ratio = 2.46 (-
R123 — Compression Ratio = 2,94 (5
PROPAMNE — Compression Ratio = 2,20 (-

gﬂﬁ 2.11 MILAAINANITAIUIN Pressure ratio
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B2 Vapor compression heat pump

Back

Total results

R134A - Mass flow = 0.00861 (kg/kJ) Vapor volume =0,0151 (m3/kg) Displacement volume = 5,78 (m3/h) Discharge
pressure = 32,44 (bar) Discharge temperature = 101,78 (C) Compression ratio = 2,46 () COP = 5.25(-)

R123 - Mass flow = 0.00683 {kg/kJ) Vapor volume = 0.0767 {(m3/kg) Displacement volume = 22.29 (m3/h) Discharge
pressure = .24 (bar) Discharge temperature = 93.00 {C) Compression ratio = 2,94 () COP =6.51(-)

PROPANE -—— Mass flow = 0.00474 (kg/kJ) Vapor volume = 0.025% {m3/kg) Displacement volume = 5.54 {m3/h)
Discharge pressure = 37.564 (bar) Discharge temperature = 101,54 {C) Compression ratio = 2,20 () COP =4.91(-)

‘]Jﬁ 2.12 ﬂmmmwamsmmmmwm

2.1.7 minaaendoyaluTlsunsuasg 11515y Microsoft office excel #11150711 18 lagna

A g o & Y @ ~ g‘/ o v A ) @ g}/ 1
Cul+V LW@Lﬂuﬂ’]ﬁQ']’Nﬂlﬂyﬁ muﬁﬂﬂugﬂw 2.13 ﬂ?ﬂuu%%'ﬂ?ﬂ’]i’ﬂﬂlﬁﬂﬂﬂlﬂy)aﬂﬂﬂlu@ﬂu@ﬂqﬂ

B3 Microsoft Excel - Book1

?Ei] Fle Edt Vew Insert Format Tooks Data  Window Help
HRNER" RERENIE REV A AP Y . R A RAE
: sl *1°*|BI!IIEiIE”}%
B11 - B Time 0 Minute — Ta=1289 C
A | B | ¢ | o | F

10
11 ITime 1] Miaute - Ta=1289
12 Time & Minute - Ta=13.16 'C
13 Tirme 10 Minute —- Ta=13.43 'C
14 Time 15 Minute - Ta=13.7 'C
15 Time 20 Minute - Ta= 1395 C
16 Time 25 Minute —-- Ta = 1422 'C
17 Time 30 Minute —-- Ta= 1448 'C
18 Time 35 Minute —- Ta= 1474 C
19 Time 40 Minute —-- Ta= 1499 'C
20 Time 45 Minute - Ta= 1524 'C
21 Time 50 Minute —-- Ta=1543 C
22 Time 85 Minute —-- Ta= 1572 'C
23 Time 60 Minute —- Ta= 1596 C

710 2.13 m3nedoyaasluTisunsy Microsoft office excel
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9 9 T . '
2.1.8 19 Ctrl + A ATOUTOYANIMUADINIWIABNT Data >> Text to Columns.. #3717 2.14 1ilo

o q VY & 1 < v ¢ o S 2 Y 1w
‘VIﬂ‘l’i"’l]@ﬂ??ﬂﬂﬂﬂﬂﬂllﬂﬂﬂﬂﬂlﬂuﬂ@anu waQi]1ﬂuuiﬂiuﬂimmuwmmmﬂ'lﬂ

Microsoft Excel - Book1

@_] File Edit Wiew Insert  Format  Tools | Data
. . A
ARNEN - FEWETIC RENE AP Rl
: arial ~ 10 -|B I U|S5
B10 hd fx
A | B | ¢ | D

Window

Help

Sork...
Eilter
Subtotals...

Validation, ..

i T—

=T

Text to Columns. ..

| 7]
| 8
=] ig| PivotTable and PivobChart Report...
| 10] Import External Data 4
11 Tirme O Migute - Ta = 12.89 .
KA Time & Mifute - Ta = 13.16 E g
113 | Time 10 Mnute —- Ta = 13.43 AML 4
| 14 | T?me 15 Mnute - Ta=13.7 Refresh Data
1 15 | Time 20 Mnute -—- Ta = 13.96 =
|16 | Time 25 Mnute - Ta = 14.22 | i
|17 | Time 30 Mnute - Ta=14.45 'C
|18 | Tirne 35 Mnute - Ta=14.74 'C
119 Tirne 40 Mnute - Ta=14.99 'C
|20 | Tirne 45 Mnute - Ta=15.24 'C
121 | Time 50 Mnute - Ta=15.483 'C
| 22 | Time 55 Mnute - Ta=15.72 'C
| 23 | Time 60 hnute - Ta=15.96 'C
| 24 | Time 65 Mnute — Ta=16.2 'C
| 25 | Time 70 Mnute - Ta=16.43 'C
| 26 | Time 75 Mnute - Ta= 16.66 'C
| 27 | Time 80 Mnute - Ta=16.59 'C
H v A
71 2.14 msdaizodoya

U

H 4 o @ o g
2.1.9 1290 Delimited 43171 2.15 1ipIAONANHAULNTIAGTOITOAN HAIVINUUIADN Next

9
Tsunsuazaunshnaradalal

Conyert Text to Columns Wizard - Step 1 of 3

Criginal data type

Preview of selecked data:

Choose the file type that best describes vour data:
- Characters such as commas ot tabs separate each Field,
() Fixedwidth - Fields are aligned in columns with spaces between each field,

The Text Wizard has determined that your data is Fixed Width,
If this is correct, choose Mext, or choose the data bype that best describes wour data.

[~
i~

= = [~
s (e P

[~
i

Time 0 Minute --- Ta = 1l2.8% 'C

Cancel

[ mext> ][ mnish

a

U

510#1 2.15 M3vaiseatona (90)
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v A o A

4
2.1.10 N Space 911N1UNA Finish Fo3a9zgniniioasazli 2.16

U

Convert Text to Columns Wizard - Step 2 of 3

This screen lets vau set the delimiters vour data contains, You can see
hiow your text is affected in the preview below,

Delimiters . b
Treat consecutive delimiters as one

[ semicolan [ comma

[¥]space  [] Other: I:l Text gualifier:

Data preview

Time 00 Hinute —— [Ta E LE. 83 |'C

[ Cancel ][ < Back ][ Mext = ][ Finish

~ o 9 Y
517 2.16 MIAiTeatoya lasn1TIUITIA

L1} U

S (%

9 . = ) Y 3 @
2.1.11 Yoyanonanasnuaz119ad1u 11500351 Microsoft office excel Henuniniinlyldiluaa

E') U

mlsdulumssnavesaumsnuadiamaniaellld duaaalugili2.17

B3 Microsoft Excel - Book1

E_] File Edit Wiew Insert Format Tools Data  Window Help
BRI A A - S A R L R T 5 N R S
: arial -0 LB I U(EE=E|Ey 0 %[ EE O o
B11 A & Time
A | B | ¢ [ o | E | F | & | H |
7
1 8 |
ER
10|
11 ITime _l 0 Minote - Ta = 1283 'C
12 Time 4 Minute Ta = 1316 'C
13 Time 10 Minote Ta = 13.43C
14 | Time 15 Minute - Ta = 13.7'C
15 Time 20 Minute - Ta = 13.96 'C
16 | Time 25 Minute - Ta = 1422°C
17 Time 30 Minute - Ta = 14.43 'C
15 Time 35 Minute - Ta = 1474 'C
19 Time 40 Minute - Ta = 1499 °C
20 Time 45 Minute - Ta = 1524 'C
21 Time a0 Minute - Ta = 15,43 'C
22 Time 55 Minute - Ta = 15.72'C
| 23 | Time B0 Minute - Ta = 15.96 'C
24 Time 65 Minute - Ta = 16.2'C
Ea Time 70 Minute - Ta = 16.43 'C
Ea Time 78 Minute - Ta = 16.66 'C
eh Tirmne 80 Minute - Ta = 16.83 'C
A ) A4 o oa Yy 3
3‘1]1/1 217 UByangnNIATYILLAUTID
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o b4
2.2 ﬂ'liinﬁ’é)\‘lﬂ1§‘ﬂ“lxﬂu°ll’é)\ﬁ$UDﬂNﬂUHJ‘J@H!!UTJ@ﬂUlﬂ

2.2.1 1i®n Basic Calculation o1 1gnsfuInmsiauvesszuntiuanuieunuudalo

awaaslugiin 2.18

3 Vapor compression heat pump =SEE X

System Simulation

Choose Type Working Fluids

Basic Calculation

Back

1 2.18 madhgmsmuaumsiauvesszuutuanudeunuuoale

A A . . A 9y 1 o & 9 o @
2.2.2 1uoiaon Basic Calculation LW’EJL"IJW;JﬂWiVI'N'Iu58‘]J‘]Jﬂllﬂ')']lli’f)ullﬂﬂf]ﬂhl@ﬂﬂllﬁﬂﬂslugﬂ

7n2.19

Tag

NUIA Hot Water

)

A [ ¥ A Y 1 ) ' <
W20 Mass flow rate Ao 60351015 Maveuintleulvun Evaporator Hrdaeilu s

)

Aa 90} ~ 1 [} I
#1270 Temperature Ao M3ffougaungivesizeuiiting Evaporator Intiauilu °C

YA Initial Conditions

)

(2]
#2190 Refrigerant Ao Mitlouriiaasinauluszuuiluanudeunvyudale
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nstlouFoatsiiauaieg useq Refrigerant ¥oitloude uilugodniily
Tdsunsuminfu daaunsadenaisianld 2 ndu fie ashausiameas
astlsznoy
Tas  asiausiiaRerd sy Computer 64 bit a1u1sag e ldlulasnnses
C:\Program Files (x86)\Benzaky\VCHP\fluids

a3shusiaferd 1y Computer 32 bit m1u1sag e 18 luladanses

C:\Program Files\Benzaky\VCHP\fluids

13919 R ANFINSY Computer 64 bit A1130970 181U lasnnso3
C:\Program Files (x86)\Benzaky\VCHP\mixtures

13919 R auF IS Computer 32 bit A1130970 181U lasnnso3
C:\Program Files\Benzaky\VCHP\mixtures

#7290 Condensing Temperature o N15ToUQAUHYIN15AIVUUUN Condenser

wuaeiu °C

v Y = s 3 J ' 9 A .
117979 Safety Factor A® mi‘ﬂﬁ)mﬂE]ilcliu@ﬂﬁmﬂMﬂ’JWiE)uWi@ Effectiveness U84

Evaporator
o a o o ] I
W’J“l?llf’) Subcooling ﬁﬁl miﬂauqmwgmmmimﬂmwmmﬂmmmmﬂmmmm

119H1Y Condenser Tagunlgavgiillszum 3-5°C

v 9 v

a o [ I 1
113U® Superheating ﬁ'é] ﬂ'liﬂ'f)uQmﬂgﬂ\lGIJ’EN'ET'ITVI'NTL!W@Qi]'lﬂiglﬁﬁllﬂullf]ﬂ@ul“lglj'lﬁ

U

Compressor 1A81INNgAUMYNI Tz 3-5 °C

210 Isentropic Efficiency Ao NM3oulsz@nTa1nueq Compressor

Maejo University 28



School of Renewable Energy

Maejo University

[E3 Vapor compression heat pump El@

Calculation
Hot Water

1 Mass flow rate (liter/s) 50 Temperature ('C)

Initial Conditions

R22 90

Refrigerant Condensing temperature ('C)

3.5 Subcooling ('C)

100 Safety Factor (%) a0 Isotropic Efficiency (%)

Superheating ('C)

111 "

Back ‘ Clear Data ‘ Calculate ‘

517 2.19 mstloudeyamsvinvesszuntuanuiounuudalo

A 9 Y < Y o A A o o &
223 Luaﬂ@um@yja!Laglﬁﬁgﬂiﬁtﬂ']ﬂ’liLa@ﬂ Calculate LW@ﬂ']ugmﬂ'lﬁﬂ']\i']usllﬂ\?ﬁgﬂﬂﬂllﬂ')']ll
9 [, A A 9 9 1 A A A Y o o
5?)1!!!,“1]@@1@ 109N Clear Data Luﬂﬂﬂ\iﬂ'ﬁﬂ@uﬂl@gaﬂjﬂiﬁu niomon Back Lﬂﬂﬂﬂﬂﬂqﬁﬂﬁuqﬂﬂ\i

9 A o
W‘l!”lﬂ?ﬁlﬁf’)ﬂqﬁjﬂllﬂﬂﬂ?iﬂ?ﬂ?ﬂl

2.2.41@00 Caleulate 11/51n309ZUAAINANITAUIBADINENTINUANY dauaadlugii
2.20

A . C% o d’ 1 [ d'
2.2.5 1690 Point Tﬂil!ﬂilﬁ]mmuW\‘]ﬂ?i‘VIN”I‘LWIﬁE]TIWG]NG] muﬁﬂﬂugﬂw 2.21
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3 Vapor compression heat pump - | [l S

Properties of each components

Evaporator (kW) Lt

Condenser (kW) e
Back

5.94

Compressor (kW)

Expansion Valve (TR) e

Pressure Temperature Enthalpy
(Bar) (Celcius) (k1/kg-'C)

) 17.29 49.00 421.06
Point 1

. 44 .42 115.37 443.69
Point 2
Point 3 44 .42 86.50 321.55
Point 4 17.29 45.00 321.55

[
gﬂﬁ 2.20 ﬂﬁll’(ff@\iNﬁﬁﬂTﬁﬂﬁﬁ%ﬂui}.ﬂGlN‘] ﬂlﬂﬂi$ﬂﬂﬂilﬂ31il%l®ullﬂﬂﬂ@ul’ﬂ
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3 Vapor compression heat pump LEJM
Condcnser

|

I

3 2
Expansion / \

Valve Compressor

4 1

| |

| \—/ [

Evaporator Back
A
P
Isentropic
[/\'.-Jj) Subeaal Efficcincy &I o T
(2)
Superheut —
()
h

1 7 o ' & ] o
qﬁ;ﬂﬁ 2.21 Lmumwmeﬁmummmwmfgﬂmm Gumﬁilmnﬁ@mmuaﬂ"l@
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/o0 "7 g F

<

SC
SH
T
4

Greek symbol

n

&
Subscript
C

Comp

€

HP

ref

Enthalpy, (kJ/kg)
Mass flow rate, (kg/s)
Pressure, (Bar)

Heat rate, (kW)
Refrigerant, (-)
Specific volume, (m’/kg)
Volume, (m3)
Entropy, (kJ/kg.K)
Subcooling, (°C)
Superheating, (°C)
Temperature, (°C)

Work, (kW)

Efficiency, (%)

Effectiveness, (%0)

Condenser
Compressor
Super heat
Evaporator
High

Heat pump
Low

Refrigerant
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