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CHAPTER 7
EVAPORATOR CALCULATION

7.1 EVAPORATOR CALCULATION
7.1.1 Introduce about evaporator

A. Functional:
The evaporator is the one of the main components of a refrigeration system, use to cool
the coolant (water or NaC,, CaCL.). The coolant has led to cooler and cooling the air in
the cooled space.
In the evaporator, heat exchange between the liquid coolant and cooling agent from the
cooler return. Coolant move in the pipe and cooling agents moving outside. As a result of
the heat transfer is cooling agent into steam, coolant cooled temperature required.
B. Type of evaporator
Classify about displacement of coolant in evaporator, partition 3 kind:
+ Liquid flooded evaporator.
+ Half liquid flooded evaporator.

+ Direct evaporator.
7.1.2 Evaporator analysis selection

Liquid flooded evaporation: liquid coolant to cover the entire surface of the heat
exchange, liquid coolant from the bottom. With this kind, cold water motion in the pipe,
and liquid cooling agent moves outside of the pipe. High heat transfer coefficient.

Half liquid flooded evaporator: liquid coolant to cover only entire surface of the heat
exchange, the rest of the surface heat exchangers used to superheat steam return
compressor. In this type, liquid coolant supplied from the top of the evaporator and
moving outside the pipe, while cold water moving in the pipe. High heat transfer
coefficient.

Direct evaporation: liquid coolant moves in the pipe, while cold water move outside the

pipe. With this kind, pressure losses in water is small, cooling agent intake systems are
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relatively few. But the heat transfer coefficient don’t high.

From the above analysis we choose the evaporator is flooded liquid, because the high
coefficient device’s size smaller response large refrigerating capacity. Due building need
air conditioning have a heat loss Qo = 1170,82 kW, the choice of this system is
reasonable. With this evaporation, water inside motion can be considered as confidential

should the few air enters the system, therefore reducing corrosion of equipment.
7.1.3 Evaporator calculation and design

A. Primary parameters
In the air conditioning system of the building used 01 evaporator for cold water supply to
the entire system. With the cooling load for the evaporator of the entire is Qo = 1170,82
KW.
In the system we use coolant evaporator with the water moving in the pipe, and cold
agent R134a moving outside of the pipe. In evaporator uses copper pipe with external fin.
Input Temperature water evaporator: ts; = 14°C
Output Temperature water evaporator: ts» = 9°C
Parameters copper pipe:
+ Inside diameter:  dy= 0,016 m
+ Quter diameter:  dng = 0,019 m
+ Fin diameter: D¢= 0,022 m
+ Fin pitch: Sc¢= 0,00118 m
+ Bottom Fin thickness: 5o = 0,0003 m
+ Head Fin thickness: 8¢ = 0,0002 m
+ Tube steps: S = 0,027 m
Inner face of 1m pipe area: F,, = n.d, = 3,14.0,016 = 0,05024 m?/m
Facade of 1m pipe area
_ m(DZ—di,)  3,14.(0,022° —0,019%)
¢ 28, 2.0,00118

Outside face of 1m pipe area

= 0,16365m?/m

50> n.DC.Bd

E, =nd, (1-=2
ng “d“g( s)t s,
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F =1314.0.019. (1 B 0,0003 ) N 3,14.0,022.0,0002
ne ’ ’ 0,00118 0,00118
E,, = 0,05620 m?/m
Sum outside of 1m pipe area:
F =Fy+ E,=0,16365 + 0,05620 = 0,21985 m?/m
Make fin factor:
F 021985

F,  0,05024

= 4,376

B. Evaporator calculation:
B.1 Calculate about water:

The water average temperature:
£ ==(t, +t,) =-(14+9) = 11,5°C
Check Reference 25 pages 413 document [3], water thermophysical properties:
+ Heat capacity: Con = 4,1897 kJ/kg.K
+ Gravity: pn= 999,475 kg/m?
+ Kinematic viscosity: vn= 1,261.10°m?/s
+ Conduction factor: An= 57,82.102W/m.K

+ Prandtl factor: Prn = 9,145

Cold water traffic into evaporator:

_Qy _ 1170,82
"~ C,. At, 4.1898x5

Gn = 55,89 kg/s

With the don’t high quality of water in our country, to make appropriate turbulent water
in the condenser, to reduce energy losses to the pump, reduce the likelihood of corrosion
speed pipe, water should not be chosen too large. Water speed is selected in the range
(1+2,5 m/s).

We choose water speed: wn =2 m/s.

Number of tubes in a journey (1 pass water):

4.G, 4.55,89
n.dip .o, 3,14.0016%. 999475 .2

n, = = 139,13
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we choose number of tubes: ni = 139 pipes
We defined rate of water in pipe again:

4.G, 4.55,89
n.d.p .n; 3,14.0,016% 999,475 . 139

w, = =2m/s

Reynold factor of water:

Wy diy 2.0,016
Re = =
v, 1,261.10°°

So, Regime of water in pipe is turbulent regime.

= 25376,68 > 10000

Nusselt factor of water:

Pr, 0,25
Nu = 0,021. Re%8. Pr%%. (—) .€ . €
Pr,,

Temperature between surface of the pipe wall and water in pipe don’t high, choose

(Pi) = 1. In condenser, pipe diameter é > 50, g = 1, with pipe using is straight so er = 1.

Pry,
Therefore:
Nu = 0,021 . 25376,68%% .9,145%% 1. 1.1 = 181,58
Heat transfer coefficient on the cooling water side:

_ Nu.A 181,58.57,82.1072
tw="g = 0,016

= 6561,84 W /m?* K

B.2 Calculate of the condition agent R134a:
With the boiling temperature of the agent: to = 5°C, the average temperature of the
logarithm of the average evaporation is defined as follows:
tg —to 14 -9

— — — o
em_lntsl_to_ == 617°C

to—t, "9-5

Impedance heat irritated class: Z% =(0,12+0,15). 10* m2.K/W

Total thermal resistance was chosen to calculate: Z% = 0,13. 103 m2.K/W

Current density required of the cooling water temperature:

tv_fw Om — 0
qW= =

1 6 1 J;

@ T2% @, T
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6,17 — 6
qW = 1

6561,84
¢y = 3541,01. (6,17 — 0)

+ 0,00013

Heat flow density of the agent R134a boiling on the surface of the wings are ascribed to

the water (surface) as follows:
Qe = 564 . p%% .0 ¢, e, . B (formula pages 256 Reference [3])

In which:

Po — the boiling pressure of the agent to = 5°C ; po = 349,70 kPa

en — coefficient taking into account the effect of beam tube with wings, in average

evaporation cooling water we get: &n = 1.

eq — coefficient taking into account the influence of lubricating oil soluble in Freon

agent, we get: en=0,82.
So: Qo = 564 . p%% .00 11.0,82.4,376
Qe = 564 .3,4970%%5 02 1.0,82.4,376

@ = 3554,95.0"%
gy = 3541,01. (6,17 — 6)
@ = 3554,95. 0"

3554,95. 0% = 3541,01. (6,17 — 6) = 6 = 2,14°C
gy = 14196,67 W /m?

The total heat transfer area provided on the surface of:

We have a system of equations: {

Q, 1170,82.10°

Fp,=—= = 82,47 m?
T T 14196,67 m
The total length of the average evaporation tube:
Fsy, 82,47
Ly = = = 164152 m

n.d, 3,14.0016
Select the waterline in average evaporation z = 2.
Therefore, the total number of tubes in the average evaporation is:
n=ny.z=139.2 =278 pipes.

Select m = 22 (Chapter 6) then the number of tubes that are physically filled will be:

Total number of tubes in the average evaporation is:
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n' =0,75.(m?> — 1) + 1 =0,75.(222 — 1) + 1 = 363 pipes
The number of discarded tubes to prevent the upper part of the steam tank from being
flooded is: " =n' —n =363 -278 = 85.
The length of a pipe in the tank evaporates:
L _ 1641,52 _

T T o 9m
Sieve diameter:
D=m.S=22.0,027 =0,594 m
Ratio:
k = : = 5—9 =99
D,s 0594

We see the ratio Kk is the acceptable range (3,5 + 10).
7.1.4 Hydrodynamic evaporator calculation:

In addition to calculating the average evaporation heat transfer, it is also the resistance of
the water when cold through evaporation. According to formula 9.25 pages 358
Reference [1]:

Hindrance to the water through the condenser:

L &+ 1\ wip
AP = |A— 1 ) .
( AT R -z

In which:
&v - coefficient of local resistance when water in tube: &, = 0,5.

L - length of average between the two manifestations: L =4.2 m

dy - diameter of pipe: dy= 0,016 m

z - number of lines water in equipment: z=2

o - the velocity of water flow in pipes: ®=2m/s
p - the density of cold water: p =999,475 kg/m?

A - coefficient of friction.

Because the water in the tube in a turbulent state, so for copper pipe friction coefficient is

calculated as follows: (Formula 9.6 pages 349 Reference [1])
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03164 03164
"~ Re%25  25376,68025

= 0,0251

So pressure drop water through the evaporator:

0,5 + 1) 22.999,475 4

4,2
AP=<0,0251.—+0,5+1+ >

0,016 4
AP = 67674,45 N/m? = 67674,45 Pa

7.1.5 Strength evaporator calculation

A. Strength case evaporator calculation:
Evaporator in the air conditioning system is the low pressures side pressure device.
Therefore, we have to calculate reliable equipment to ensure the safety of the device
when operating ...
Due to the structure of the average evaporation cylindrical geometry, so under pressure.

The thickness of the cylindrical body S is chosen to satisfy the following conditions:

PR . Dtr
2.[o].dq—Pr

S=

+ C (Formula 10.1page 364 Reference [3])

In which:
Pa Calculation of the pressure equipment, MPa. According to table 10.1page 360
Reference [3] was chosen: P, = 12 bar = 1,2 MPa.

[G] - Allowing stress of metal fabrication body average, MPa. According to table

10.2 pages 361 Reference [3], choose body building materials per evaporation is steel
CCT38, with the calculation of the wall temperature is: t = 36°C we have: [o] =
138,8 MPa.

D,, - Diameter of the body evaporation comment: D,, = 729 mm

@, - Vertical weld strength coefficient, ¢, =0,9 (1, page 364, table 10-3)

C - Additional thickness, mm; C = C; + C, + C;

C: - the additional thickness to compensate for corrosion when exposed to
hazardous substances: C, =0,001 m

C> - additional thickness to compensate for the negative thickness tolerance:

C,=0,001 m
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Cz - the additional thickness due to the relative thickness of Votes thinning during
pulling, stamping, bending, etc. ...: C;=0,001 m

So:

s> 20729 o005~ 00065
=2.1388.09 —12 oo T UM

Choose the standard TEMA: S = 0,0079 m (Table CB 3.13, pages 5.3-1 ,Reference [4]).
Condenser has the following dimensions:
D, = 0,729 m
Dy = Dy + 2.8 = 0,729 + 2.0,0079 = 0,7448 m

B. Calculate the thickness of floating tube sheet:
In the condenser the ground is soldered to the cylindrical body of the condenser. The
copper tube is tight on the floor, so that the thickness of the floor to ensure tight tube and

must meet the following conditions:

P,—P

Sm =0,5.D; 1Po = Pel "[6] LI
In which:
P - Calculate the pressure outside the tube, is the calculation of the pressure equipment.
According to table 10.1 pages 360 Reference [3] was chosen: Pr =12bar =
1,2 MPa.
P, - Calculate the pressure inside the pipe: P, = 1,5 bar = 0,15 MPa
[o] - Allowing stress of metal fabrication place, MPa. According to the table 10.2
pages 367 Reference [3], select the material is steel CCT38, to calculate the temperature
of the wall is: t = 36°C was chosen: [o] = 138,8 MPa..
Dy - The diameter of the circle can accommodate the largest in the area do not have the
tube on the floor: Dy = 85 mm

C - Additional section thickness: € = 0,003 m

S0: S,y = 0,5. Dy /% +C = 0,5.0,085. M52 1 6003 = 0,0066 m

138,8
We choose the thickness of floating tube sheet: S,, = 0,0066 m = 6,6 mm
C. Strength for the lid calculation:
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With condenser cylindrical geometry, we use a curved lid can be removed to open the
assembly with two top flange cylindrical body. | choose the bottom of the device is
curved circular curved bottom edge boards (Figure 10-4 c, pages 370 Reference [3]).

Round cap thickness is determined as follows: (Formula pages 370 Reference [3])

S, > Pr- R +C
"= .. [o]—05. P,

In which:
R - radius of the curved lid, m; R = D, = 0,729 m
H, = 0,25.D, =0,25.0,729 = 0,18225 m - The height of the inside of the lid.
¢, - Weld strength coefficient along, ¢, = 0,9
Py - Calculation of pressure equipment: P, = 1,2 MPa.
[a] - Allowing stress of metal fabricated cap: [o] = 138,8 MPa.
C - Additional thickness: € = 0,003 m

So:

- 1,2.0,729
—2.09.1388—-0,5.1,2
We choose the thickness of the lid: S,, = 0,007 m = 7 mm

Sn + 0,003 = 0,0065 m
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7.2 EVAPORATOR OPTION
Specification | 60H:z @LG

Life's Good

R134a (60Hz)
e i | owvmi | i | o | i
Y] 726 783 243 3132 1,085 1,217 1228
Gadard ety T 064 2225 eI 1553 31.4 3451 Ei1
Condtan | lowet Sower ] 151.87 18801 17788 182,51 703 24205 %183
CoF a8 a8 ag 3 a8 51 5
S ] 73453 73138 2535 372.03 1108.64 123125 1314.08
AT Fer] 152 244.4 %24 3532 F] Tig
Cu:?um T — B 145.73 157.38 7087 175.14 11782 23033 25125
CoP 5 5 5 53 51 53 53
P 544 543 £47 £74 £53 685 &73
Di———— 2 2 2 2 2 2 2
G'"::J"" q':?;:"' i 25/285 18/ 100 CL-TREL: 115/115 145/ 145 188 7 160 175/ 175
Ol Crarge 1 1m/18 2,320 23,23 2720 /28 28 /28 28 /28
I Thmmeg g o 2480 2600 4720 a0 55ac 5810 5330
Cmerznng wE g i 4780 4,840 5080 5150 §040 £430 €480
Compressar SemihiErrmertic hadn scresy
PR thyw EA 2 2 ] 2 2 2 ]
Evaparator type ) Shell and Tube

‘Water Volume L) 59 61 &1 &5 a0 a5

[} 50,2 EE1 EE1 8 e aza
Fiow Rate
‘Witer Connections o] 154 150 150 150 200 200

7.3 ANCILLARY EQUIPMENT
7.3.1 Oil Separator :

The mission of the oil separator to reduce oil circulating in the system by the
refrigerant being pulled under. Slightly agent mixed with oil after the oil separator
through a portion of oil and condensed oil is recovered back to the compressor, steam

lines come out of the condenser.

121



FACULTY OF ENGINEERING

VAN LANG UNIVERSITY

10
CONDENSER
fusible
plug

FROM
COMPRESSOR
OIL RETURN
TO CRANKCASE

in-out
shading plate

oll return

pipe

inlet filter

needle

float

Figure 7.1: Oil Separator

7.3.2 Dehumidifier filter

A
O

L)

Figure 7.2: Dehumidifier filter

Where:

1. The entrance

2. Springs

3. Shaped filter core

4. Pads

5. Perforated sheet
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6. Flared-type plug caps

Welding cap sealing type

Filter arranged before the throttle to prevent dirty work off the throttle. With the
arrangement of filters and the liquid in the vapor path to ensure reliable operation and
safety of the system. In the system to fight off the moisture, drying the coffee pot we
must arrange for dehumidification system

With systems using Freon refrigerant, due to use of lubricant so as the temperature
in the system exceeds certain provisions are capable of chewing up the acid. Therefore,

we must remove the acid to prevent corrosion of equipment and parts in the system.
7.3.3 Types of valves:

- Check valve:

One-way valve is mounted on the discharge line from the compressor to the
condenser. With a mission to prevent refrigerant condensing or compressor on the
compressor in case of stopping the compressor, compressor repair or compressor
breakdown.

Only one-way valve for refrigerant lines to follow a certain direction, opposite

hampered.

SIZE 4 & LARGER SIZE 10 ONLY

Figure 7.3 Check valve
- Gate valve:
Anatomy of valves, valve depends on the functionality and utility of the valves,

valve size and flow through the valve.
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When operating, maintenance and repair of air conditioning needed to lock or
open the refrigerant flows in the refrigerant cycle. Then the valves, valve undertake that
task.

Figure 7.4: Gate valve

- Throttle valve:

Thermal expansion valve is used to throttle the liquid agent from condensing
pressure to the pressure boiling pk po and to control the flow agent into the evaporator to
the load at that time.

Thermal expansion valve has two types:

+ Thermal expansion valve directly impact

+ Thermal expansion valve indirect effects

CaApiRary Tt

et

Figure 7.5: Thermal Expansion Valve
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- Safety valve:

To ensure the safety of the device and the first pressure compressor, used van full.
Safety valve has two types of plate and sprung, with the task of controlling the pressure
in the pressure equipment and compressors. When the pressure in the pressure equipment
exceeds the allowable value, the safety valve will open and discharge partially outside
agent.

For the compressor, the pressure pushing excess sugar allowed, while safety valve
open and somewhat relieved pushed suction line. Pressure discharge line up to the
guidelines, the safety valve automatically closes. To be able to switch the safety valve, it
is installed in parallel on each device 2 pressure safety valves are linked together by a

special van three falls.

Cap

Spring adjuster

Spring

Spnng housing
{bonnet)

Body

Disc

Seat

Inlet tract
(approach channel)

Figure 7.6: Safety valve
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