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Calculation
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Vapor compression refrigeration process
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First step: calculating the pressure in the evaporator
The refrigerant must be cooler than the food
Example: -25°C food, -30°C refrigerant

. food
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Ammonia (R 717)
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First step: calculating the pressure in the evaporator
looking up the pressure fitting to the temperature
Example: saturated vapor pressure 1.2 bar for-30C° refrigerant




First step: calculating the pressure in the evaporator
Looking up the endpoint of the evaporation
Example: saturated vapor pressure 1.2 bar for-30C° refrigerant
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Ammonia (R717)

2020. 03. 15.

o

The temperature of surroundings must be warmer than the refrigerant

Second step: looking up the pressure of the condenser

Example: heat transport from +35 refrigerant to +30 surroundings
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Second step: looking up the pressure of the condenser
At the end of condensation the refrigerant is liquid
Example: endpoint for liquid at 13,5 bar pressure

Ammonia (R717)
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Third step: the compression process
Adiabatic compression from 1,2 bar to 13,5 bar
Example: the specific entropy is 7.05 kJ/(kg K) at 1,2 bar pressure

Ammonia (R717)
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Example: 7,05 kJ/(kg K) specific entropy at pressure of 13.5 bar means that the
temperature ended at +140 °C (overheated vapor or gas)

Ammonia (R717)
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Third step: the compression process
Adiabatic compression from 1.2 bar t013.5 bar
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Example: 13,5 bar isobaric heat transfer: both overheating and condensation heat
(the specific enthalpy decreases along the green line)

Ammonia (R717)
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Fourth step: calculating the process of condensation
Isobaric condensation at 13.5 bar pressure to reach the liquid state
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Fifth step: isenthalpic expansion by expansion valve
The isenthalpic process is vertical line here (orange)

Example: 0.68 MJ/kg

e e
BB AT I N mvw oS = S =
. O AN E i NI W RN AN AN
1 O\ RN AN N TN NN BTN
g B SNSRI K NSNS
9 AV S o E VAN A N NN R R MR N L T R
L N // \ N SRR T 0 N N // .
N
0L N /ke ,,r, : \ AL N o/r. <o J /,///Vw
] R NG
40} .Z,Jf/w,r, /7:0/ b AR NANAN I
20 h«v 3 /P I B 0 /.' AN DN
2 TR 4 U™ NN \ nﬂa7 o NN /I/VJU . .
Y <
aq \ fw 7# Wmmm” . /J
- N <t SR S J = =
AN BN St \ S <
TR SEEiES
A\ | * ) N | :
T SUNTAR N B ARE AN
v.n,ﬁ J_,I Iﬁ : \ g | Hl gﬁd]f/ | 1 ﬁ.. mm :! / ®
| A% ¥ N
05 2 sxllauﬁ,., .@%& AL .NW%J - 2\e 1N INDRR
1|
N M ylf /ﬂ/lw” /, (,/. _ 1 TH. //_9/ k2 4r../. - N
Hﬂ N 22N \ ﬂ/*,,/ /; . p . A %X 'y..'l— ] :
| NN AN N R "ot
NN NN I - \ @ ~ 1 e~
N SN /ﬁ B 1 AR e SOE—L Tl
TR NN INN Ny R S i
| A RN &W& <\ \\ M LN RS
i It RS RSN L\ ] 09 1y
HEEEE \ Wulf \ QAN \ ) S \ 0] 8
fie Lo PP m.f,; N NN = //V \ _~ = T~ |
RSN SRS SO AN LR 0k DR
_ NN SVOSR A~ T
0d D g ol
_ r/ % ﬁA 1 \ \9 T P~
- ] NCH 4T 3
Ot N N ! / // 7 WV N
5_ /HH// . /1 WVWM MrA J. /..ﬁ
SRR e
" RENRAIES L
. : e
z SaSy eS|
‘g vr_ | &
: a
ML L
il \ S0y T
il o[l ol
I T :__:___EEE N (il I (T e ...__: I
839933393 3 399 % S®es o335 93 3538 35335588588 ¢ 3838 3

15

(LT.,Y) eluowwy

2020. 03. 15.



Fifth step: isenthalpic expansion by expansion valve
The isenthalpic expansion (orange) determines the start point of the evaporation
Expample: the vapor fraction is 0.23 kg/kg (a part of liquid evaporated)
see the crossing point of orange (isentkalpic) and the red (isobaric) lines
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Fifth step: isenthalpic expansion by expansion valve
The isenthalpic expansion (orange) determines the start point of the evaporation
Example: as a result of evaporation the specific volume increases from 0.001 to 0.280 m3/kg
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Sixth step: reading the results
1 h=1.72MJKkg, 2: h=2.1 MJ/kg, both 3 and 4: h = 0.67 MJ/kg
Heat entered in the evaporator: h;-h,= (1.72 — 0.67) MJ/kg = 1.05 MJ/kg

Ammonia (R717)
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Sixth step: reading the results
1 h=1.72MJKkg, 2: h=2.1 MJ/kg, both 3 and 4: h = 0.67 MJ/kg
The work needed by the compressor: h,-h,= (2.1 — 1.72) MJ/kg = 0.38 MJ/kg
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Ammonia (R717)
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Sixth step: reading the results
1 h=1.72MJKkg, 2: h=2.1 MJ/kg, both 3 and 4: h = 0.67 MJ/kg
Heat transfer sent to the surroundings:
h,-h,= (2.1 — 0.67) MJ/kg = 1.43 MJ/kg
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Calculations

Coefficient of performance: quotient of the heat transfer in the

evaporator and the work of compression
_ 1.05MJ/kg
© T 0.38Mj/kg

The real cycle calculated including wastage. Example: friction
loss of mechanics, flow friction loss (liquid and vapor), the
power consumption of lubricant pump, etc.

2.76

Try to calculate it on the theoretical base!

To (273.15 — 30)K 24315
T—-T, (273.15+35)K—-(273.15—30)K 65

E =

Huge difference. The equation below related to proper gases,
while the equation above related to the real material, values
originated from the chart of real refrigerant
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calculations

Let’s calculate a refrigerator with J_=0.1 kg/s flow rate of the
refrigerant!

The work needed by the compressor
P = wyJ,, = 380Kk]/kg - 0.1kg/s = 38k]/s = 38kW

Heat flow in the evaporator

® = qy/, = 1050Kk]J/kg - 0.1kg/s = 105k]/s = 105kW

Usually the heat flow calculated a more practical unit:

k] s k] MW
= 105kW = 105 — - 3600+ = 378000~ = 378 ——

2020. 03. 15. Refrigeration cycle
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Calculations

To gain the size of the refrigerator we need to know
the flow ratio!

Specific volume of the vapor at temperature -30°C
=0,963 m3/kg,
and the Ilqwdq at +35 °C v=0,0017m3/kg

Vapor flow rate at the inlet of the compressor:
kg 3 3

1
Jvg =Jm Vg = 01? 0963k_g 00963T 96,3;

Liquid flow rate at the outlet of the condenser:

kg 3 3 ]
Jvi =Jnv =0, 1— 000171{—g = 000017T = 017
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Saturated Ammonia --Temperature Table

deg-C

kPa

temperatur saturated

T°C

-40
-35
-30
-25
-20
-15
-10
-5
o)

)
10
15
20
25
30
35
40

p_sat@T

71,7
93,2
119,5
151,6
190,2
236,3
290,9
354,9
429,6
515,9
615,2
728,6
857,5
1003,2
1167
1350,4
1554,9

Spec, Volume

m~3/kg
saturated
liquid

saturated
vapor

vf

0,00145
0,001463
0,001476

0,00149
0,001504
0,001519
0,001534

0,00155
0,001566
0,001583

0,0016
0,001619
0,001638
0,001658

0,00168
0,001702
0,001725

Vg

1,55256
1,21613
0,96339
0,77119
0,62334
0,50838
0,41808
0,34648

0,2892
0,24299
0,20541
0,17462
0,14922
0,12813
0,11049
0,09567
0,08313

Enthalpy
kJ/kg
saturated saturated
liquid vapor
hf hg
0] 1388,8
22,06 1396,5
44,26 1404
66,58 1411,2
89,05 1418
111,66 1424.,6
134,41 1430,8
157,31 1436,7
180,36 1442,2
203,58 1447,3
226,97 1452
250,54 1456,3
274,3 1460,2
298,25 1463,5
322,42 1466,3
346,8 1468,6
371,43 1470,2

Start point of this table: of the liquid at -40 °C temperature: h=0 kJ/kg
This is why the enthalpy difference between the liquid and vapor is -40 °C: 1388,8 kJ/kg
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The end
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