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Extended surface steel arr
coolers for industrial

refrigeration

By Stefan S. Jensen, B. Sc. (Eng.) M af | (Denmark),

M.AIRAH, M.L.E. Aust.*

This paper explains the broad principles of a compact computer
stmulation program which will predict performances of extended
surface steel atr coolers of any geometry. The versatility of the
software is demonstrated in a number of examples. These include a
method of comparing costs of air coolers, the effect of circuiting on
the performance of a divect expansion feed cooler, the influence of
selection of refrigerant and refrigerant feed, various aiv/refrigerant
flow patterns, design for humidity and the effect of oil fouling.

1. Introduction

In industrial refrigeration applications
as in abattoirs, cold stores, fish and
chicken processing plants etc., the use
of finned air coolers manufactured from
steel and hot dipped galvanised after
manufacture is very common. They are
used for a range of refrigerants includ-
ing CFCs, various brines, chilled water
and ammonia and the refrigerants are
fed through the finned air coolers in a
number of different ways.

It has been common practice in prac-
tical refrigeration engineering to relate
required cooler surface areas to the
nature of the application without con-
sidering differences in air cooler geome-
tries 'and layout. The assumption that
the heat transmission coefficients of all
types of coolers remain constant at full
load as well as part load is not unusual
either, but may nevertheless be quite
wrong.

In many situations, it is necessary to
view the air cooler as the air/refrigerant
heat exchanger it is and consider the
exact influences of refrigerant, circuit-
ing, feed, geometry etc. on cooler per-
formance. Such analyses based on first
principles of heat transfer and heat
transmission are best carried out using
a computer.

This paper describes the broad prin-
ciples of a computer program which will
calculate the cooling capacity of any air
cooler manufactured from a tube bundle
provided with plate fins. The program is
small enough to be contained in a port-
able hand-held calculator and does con-
sequently not boast an exceptionally
high degree of accuracy. It is, however, a
very powerful tool for the practical refri-
geration engineer and can be used for

assessing capacities of existing air cool-
ers, selection of new air coolers, evalua-
tion of tenders on an equal basis, optimi-
sation of refrigerant circuiting and a
number of other things. The versatility
is demonstrated by a series of examples
in this paper.

2.The Model

The principle of the model used for the
evaluation of cooler performance is
shown in the psychrometric chart Fig. 1.
(12).

The temperature T1 and T2 repre-
sent before and after the cooler respec-
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tively — the same applies for the abso-
lute humidity X. The temperature T3 is
the evaporating temperature (average
temperature inside the cooler tubes) and
T4 is the average outside surface tem-
perature of the cooler. The slope of the
line X1, T1 — X2, T2 (or line X1, T4 —
X4, T4) is determined by iteration con-
sidering inside and outside film coeffi-
cients, ratio between primary and sec-
ondary surface areas, fin efficiencies,
fin material, etc.

The overall outside film coefficient is
determined based on the principles
described in (4, 8, 10) and is of the fol-
lowing final form

A4=A0*F1/FO0+A3*E0*F2/F0 (1)
where
A4  apparent overall outside

film coefficient W/mzK
A0 tube film coefficient W/m2K
F1 tube surface area m?
FO total cooler surface area m?
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Fig. 1. Process in the psychrometric chart.
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Fig. 2. Typical fin shape for the evaluation of
fin efficiency.

A3 fin film coefficient W/m2K
EO0 fin efficiency

F2 finned surface area m?

The correction of the outside coeffi-
cient for “wet” operation is of the form

A3=A2/S0 2)
where

A3 “wet” fin film coefficient W/m?K

A2 “dry” fin film coefficient W/m2K

S0 sensible/total heat ratio

The fin efficiency of the plate fins is
determined in accordance with the prin-
ciples described in (8) and in Fig. 2
below.

With tubes arranged in triangular pat-
tern as shown in Fig. 2, the fin efficiency
is approximated by assuming a fin of
hexagonal shape so that it will “fit” the
standard equations described in the lit-
erature. The differences in local fin
transfer coefficients are ignored which
«n most practical situations gives satis-
factory results (2).

The model handles all refrigerants
and brines, but requires the user to type
in the necessary thermophysical and
transport properties. A subroutine for
calculation of thermodynamic and
transport properties of humid air is part
of the computer model (11). Refrigerant
feed can be either forced liquid recircu-
lation (incomplete evaporation), direct
expansion (complete evaporation) or
single phase forced flow as in the case of
brine. Three different flow patterns may
be selected namely parallel flow, coun-
terflow or crossflow.

A detailed description of the correla-
tions used for estimation of inside film
coefficients and refrigerant pressure
drops is beyond the scope of this paper,
literature references are provided (7, 9).

The heat transfer correlations for
incomplete and complete evaporation of
refrigerants inside the tubes are of the
general form
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Fig. 3. Logarithmic mean temperature differences for Different Air/Refrigerant Flow Patterns.

N1 =C*RE2*Kb (3)
where

N1  Nusselt number -
C,a,b Constants

RE Reynold’s number

K “Boiling” factor

For turbulent flow of brines, the heat
transfer correlation is of the general
form

N1 =C*RE2*PRP {4)

where
PR Prandtl number

and other symbols as in equation (3).
Corrections for laminar flow are
included.

For operation with refrigerants, three
different air/refrigerant flow patterns
may be selected. For operation with
brine, only counterflow is used. The
principle of calculating logarithmic
mean temperature differences is indi-
cated in Fig. 3.

All of the above methods of estimat-
ing LMTDs are approximations. The
exact calculation of temperature differ-
ences is complicated by the fact that
most finned air coolers are of the cross-
parallel flow, cross-counterflow or 1-2
counterflow type.

However, when operation with rela-
tively low refrigerant pressure drops (or
relatively low brine temperature differ-
ence), the errors are relatively small.

The calculation of the overall heat

transmission coefficient is of the

general form:

K6=1/((1/A5+F6+(D4-D6)/2/
L4*F3/F1)*FO/F1+1/A4) ()

where

K6 Overall heat transmission
coefficient W/m2K

A5 Inside film coefficient W/m2K

F6 Inside fouling resistance m2K/W

D4 Outside tube diameter m

D6 Inside tube diameter m
L4 Thermal conductivity

of tube W/mK
F3 Inside surfacearea

of tube m?

F1 Otuside surface area

of tube between the fins m?
FO0 Total outside cooler

surface area m?
A4 Apparent overal outside

film coefficient W/m?K

3. Various Air Cooler
Geometries And Materials

Various manufacturers in Australia and
overseas produce finned air coolers
manufactured from hot dipped
galvanised steel. Finned air coolers for
ammonia with tubes and fins manu-
factured from aluminium are to the
knowledge of the author only produced
outside Australia.

There are nearly as many cooler
geometries as there are cooler manu-
facturers. Appendix 1 summarises
geometric and detailed performance

Cooler A
Heat transmission coeff. W/m2K
Fin efficiency, %

Ratio sec./prim. surf. areas
Relative cooling capacity, %

35.7
49.7
8.24
93.1

B C D E F

306 40.8 28.0 199 207
523 66.7 46.7 36,5 398
119 102 123 16.6 169
857 100 771 615 631

Table 1. Performance comparison between air coolers of different geometries and

materials.
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Fig. 4. Effects of circuiling on cooler performance.

data of a selection of different air coolers
from Australian and overseas manu-
facturers. In this performance compari-
son, the refrigerant is ammonia, the
evaporating temperature is -40°C and
the mass flow density inside the tubes

has been selected to provide identical

inside film coefficients of 2000 W/m2K
for all coolers. The differences in per-
formance are a direct result of the differ-
ences in geometries and materials.
Extracts from the performance com-
parison are shown in Table 1.

Cooler Cis manufactured from alumi-
nium whereas all other units are manu-
factured from mild steel, hot dip
galvanised. Coolers D and F have rec-
*angular tube pattern, the others have
_riangular tube arrangement. A vari-
ation of a factor of 1.6 in performance is
evident over this range of units. It is
obvious that the good thermal conduc-
tivity of aluminium as compared with
galvanised mild steel has a very positive
influence on cooler performance. The
correlation between high ratio of sec-
ondary to primary surface (finned area
to tube area) and cooler performance is
also very clear — compare coolers A and
E.
The above comparison shows that
selection of coolers as ‘“‘cooler surface
area per carcass’, ‘“‘cooler surface area
per m? cold store capacity” or “cooler
surface area per carton of meat to be fro-
zen” can lead to greatly varying plant
performances and should be used only
as rough estimates.

It follows from the above that com-
parison of cooler cost on the basis ““cost
per unit area of cooler surface” can be
misleading. This is demonstrated in
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Table 2. Here the term “cost per kW
cooling capacity over LMTD” is used
($/(kW/K)). This is calculated by first
dividing the cooling capacity of the
cooler by the logarithmic mean temp.
difference (LMTD) across the cooler
considering the refrigerant side pres-
sure drop. The cost of the cooler is then
divided by the result of the first calcula-
tion.

Cooler I 11

Cost, A$/m? 15.54 11.71

Cooling cap./LMTD, 20.5217.03
kW/K

Cost, A$/(kW/K) 482 669
Table 2. Cooler cost comparison

Evaluation on the basis of cost per
unit surface area would be in favour of 11
whereas the more correct evaluation on
the basis of $/(kW/K) favours cooler I.

4. Special Practical
Considerations

Circuiting

The inside film coefficient in the cooler
is often by designers considered to have
negligible influence on cooler perform-
ance. This is true in some cases, but in
the cases of for example direct expan-
sion and in flooded (gravity fed) low tem-
perature coolers, circuiting of the units
must be considered very carefully.
Incorrect circuiting (incorrect no. of cir-
cuits and circuit lengths) can cause dra-
matically reduced performance due to
low inside film coefficients or insuffi-
cient “wetting” of the inner surfaces.
This is demonstrated in Fig. 4 which
shows performance data for a mild steel

cooler 16 rows high and 7 rows deep
with an outside surface area of approx.
600m2. The cooler is operating with
direct expansion of refrigerant R22.
With a total of 7 X 16 = 112 tubes, the
number of tube passes may be selected
112, 56, 28, 14, 7, 4, 2 or 1. Some of
these are not practical and Fig. 3 shows
cooler performances with 28, 14 and 7
passes corresponding to 4, 8 and 16 cir-
cuits respectively.

The optimum circuiting depends on
the evaporating temperature the cooler
will operate at most of the time. At low
evaporating temperatures (high tem-
perature differences), the choice is
between 7 and 14 passes. At low tem-
perature differences, 28 passes should
be selected.

When determining optimum circuit-
ing, it is also necessary to consider oper-
ation at low loads (low temperature dif-
ferences). In low load situations it
benefits plant operating economy to
retain an efficiently operating cooler.

Finally Fig. 4 clearly shows that
despite what is often assumed by
designers, the heat transmission coeffi-
cient K, is far from being constant over
the range of temperature differences
shown.

Refrigevant

The selection of refrigerant for a system
depends on a variety of factors ranging
from personal preferences of the engi-
neer over physiological considerations
to availability of the fluid at the actual
location. It is outside the scope of this
paper to address all of these factors —
only the effect of refrigerant selection
on the performance of coolers will be
discussed.

Most manufacturers of finned air
coolers apply correction factors to rate
the units for different refrigerants. The
coolers can for example be rated for
refrigerant ammonia, liquid recircula-
tion. For other refrigerants and feeds,
the capacities are then reduced by a
factor which is usually constant over a
range of operating conditions. However,
in reality there is for every cooler only a
limited number of options for circuiting
available. Practical considerations such
as header location, oil return, distribu-
tor arrangement, flow pattern and loca-
tion of expansion valve sensor will often
limit the possibilities of the designer to
optimise and in many cases he will have
to compromise. In these cases it is a
more accurate approach to return to
basics and calculate the cooler from
start as described in the beginning of
this paper rather than applying approxi-
mate average correction factors. In the
cases of more unusual refrigerants or
operating conditions, the above
approach becomes a necessity because
manufacturers do generally not publish
design data for these situations.

In Table 3 is shown how the coolers
detailed in Appendix 1 would perform
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with different refrigerants and refriger-
ant feeds. The comparison is made for
-40°C evaporating temperature and
-32°C air on temperature. For direct
expansion feed, the liquid inlet tempera-
ture has been taken at 0°C. In the case
of all coolers, the practical circuiting
possibility which provides the highest
capacity has been used. However, some
of the coolers only have a comparatively
limited number of practical circuiting
possibilities and are therefore some-
what disadvantaged, but this is also the
way it is in practice. For this reason the
relative capacities in Table 3 should not
be used generally. With refrigerants
which are not highly suitable for low
temperature, the relative cooler capa-
city is quite low (R12 and R500). At
higher evaporating temperatures, the
relative performances would be differ-
ent. Coolers with large bore tubes
appear to be somewhat disadvantaged
in direct expansion feed applications.

It is shown very clearly in Table 3 that
ammonia is a superior refrigerant from
a cooler performance point of view. This
is an important consideration on the
part of the plant designer. He/she must
realise that the required cooler surface
area may vary by a factor of more than
two depending on the refrigerant and
refrigerant feed specified. This natur-
ally also has an effect on the capital cost
of the plant.

Cooler A B C D E F
Refrigerant Feed
NHs LR 100 100 100 100 100 100
DX 90 86 87 90 87 84
R22 LR 84 76 80 80 78 78
DX 59 51 53 55 49 49
R12 LR 64 55 57 62 55 55
DX 37 29 30 32 27 26
R13B1 LR 84 78 82 86 79 79
DX 62 52 57 59 47 47
R500 LR 71 62 65 70 63 63
DX 44 35 37 39 33 33

Table 3. Relative cooler capacities in per cent with various refrigerants and refriger-
ant feeds. LR = liquid recirculation, recirculation rate 4. DX = direct expansion.

Clean coils, no fouling, no frost.

Refrigerant feed

The relative differences in performance
between liquid recirculation and direct
expansion are indicated in Table 3
above. Another very commonly used
refrigerant feed method is gravity
flooded based on the thermosyphon
principle, see Fig. 5. The equilibrium
circulation rate is determined by the
driving force (drum height “H”) and the
pressure drops in the circuit. Again cor-
rect circuiting is very important, but
also correct drum height. Putting the
drum at high level ensures good recircu-
lation rates, but also high refrigerant

pressure drops which penalise perform-
ance. With the drum height too low, the
recirculation rate becomes too low and
some circuits of the cooler may boil dry.
Lowest possible air temperature from
the cooler for a given saturated surge
drum temperature must be the goal.
Fig. 6 illustrates the calculated perform-
ance as a function of drum height “H” of
a 460 m? finned air cooler for a freezer.
Refrigerant is R22, the saturated surge
drum temperature -43°C, refrigeration
capacity 115 kW and two different cir-
cuiting methods with 6 and 8 tube pas-
ses are shown. If a minimum circulation
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rate of 2.5 is considered necessary to
avoid that any of the circuits boil dry, cir-
cuiting with 6 passes will clearly provide
the lowest air temperature.
Atrlrefrigerant flow pattern

In heat exchangers with no change of
phase, counterflow normally provides
the highest logarithmic mean tempera-
ture difference and consequently high-
est capacity. In finned air coolers with
boiling refrigerants, however, physical
parallel flow translates into thermody-
namic counterflow. The benefits or par-
allel flow in terms of capacity gain com-
pared with physical counterflow or
crossflow are greater the greater the
refrigerant side pressure drop, see also
Fig. 7. Thisillustrates the performances
of a large 720 m? finned air cooler with
parallel flow and counterflow, evaporat-
ing temp. -50°C and refrigerant ammo-
nia, liquid recirculation.

In direct expansion feed air coolers,
physical parallel flow creates some diffi-
culties in obtaining a good superheat
signal for the expansion valve.

The situation can be improved by
placing the last one or two tube passes in
the relatively warm inlet air stream of
the cooler.

Air/refrigerant crossflow is shown in
Fig. 8. In coolers of this type, the heat
flux on the tubes placed in the relatively
warm inlet air stream is higher than on
the tubes in the outlet stream. This type
of circuiting is unsuitable for direct
expansion feed with a single conven-
tional thermostatic expansion valve
because the high flux circuits will
receive insufficient refrigerant supply.
Liquid recirculation feed coolers of this
type may suffer similar problems if they
are operating with relatively high diffu-
sion (high air temp. drop across the
cooler). In these situations it is either
necessary to provide orifices in the inlet
to each circuit or circulate sufficient

Finned Air
Cooler

Air flow

Fig. 5. Gravity flooded cooler.

|

3 —
T 77 N circulation ratio
25 L, air off temp.
2
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Fig. 6. Performance of a gravity flooded freezer evaporator as a function of surge drum height
"H" with two different circuiting methods.
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refrigerant to wet all circuits internally.
Fig. 9 shows the estimated equilibrium
differences in refrigerant flow through
the circuits of a crossflow liquid recircu-
lation cooler used for dehumidification
of ambient air. The assumption is
simply that the driving force across each
circuit is identical and equal to the pres-
sure difference between bottom supply
header and top return header. In this
case it is estimated that to maintain a
minimum recirculation rate of 1.2 in the
front circuit, the average recirculation
rate without orifices must be a mini-
mum of about 5 to 1. Lower average
recirculation rates are likely to cause the
front circuit to boil dry and thus reduce
overall performance.

Destgn for humidity

Very often the quality of foods cooled
and stored in refrigerated spaces is
directly influenced by the relative
humidity maintained in the air sur-
rounding the product. To select a cooler
to suit a room condition, the engineer
must first estimate a room heat load
including the estimated ratio between
total and sensible heat. Then a cooler
must be selected which is capable of
removing this heat load at the desired
total/sensible heat ratio. Some manu-
facturers of galvanised steel finned air
coolers are reluctant or incapable of
stating the total/sensible heat ratios
which their coolers will do. This, of
course, makes it difficult for the engi-
neer to select the right equipment.

The estimated effect of cooler geome-
try on the total/sensible heat ratio is
illustrated in Table 4. The coolers Ato F
are identical to those described in
Appendix 1. They are all operating at an
inlet air temperature of 10°C, a total/
sensible heat ratio of 1.44 and a total
cooling capacity of 58.3 kW. Refrigerant
is ammonia, liquid recirculation at a rate
of 4 to 1. The evaporating temperatures
and inlet equilibrium relative air humidi-
ties vary as shown. In this comparison it
is important to note that all coolers have
approx. identical total surface areas,
identical fin spacing, approx. identical
face areas, air flows and finned depths.
The differences in equilibrium relative
humidities are a direct result of differ-
ences in geometry. The humidity differ-
ences shown may appear insignificant,
but will affect product quality in vege-
table storage applications and product
weight loss in carcass chilling situa-
tions.

Also, two coolers of identical basic
geometries, but with different general
layouts may have large differences in
equilibrium relative humidities of the
inlet air. Normally, deep coolers with
small face areas are cheaper than shal-
low coolers with large face areas. How-
ever, the differences in equilibrium rela-
tive humidities may be substantial, see
Table 5. This shows a comparison
between two coolers of identical basic
geometries. Cooler A is 16 rows deep
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Fig. 7. Comparison of performances of a large finned air cooler with air/refrigerant in paralfel flow

and counterflow.

Air
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Fig. 8. Air/refrigerant crossflow.

whereas cooler B is only 4 rows deep,
but has 4 times the face area of cooler A.
The two coolers consequently have
identical surface areas.

The decision which cooler to use
depends on the product to be stored/
chilled and how much the additional

weight loss or product deterioration
which will be caused by cooler A com-
pared with cooler B will cost over the life
of the plant.

Fouling
Fouling resistances are additional ther-

Cooler A
Total/sens. heat ratio 1.44
Total cooling capacity, kW 58.3

Evap. temp. °C 3.0

Equilibrium rel. air humidity at 80.0
cooler inlet, %
Air inlet temp., °C 10.0

B C D E F

144 144 144 144 144
583 583 583 583 583
2.3 3.5 2.5 0.4 0.6

79.3 816 79.0 751 755
100 100 100 10.0 10.0

Table 4. Estimated equilibrium relative air humidities for various cooler geometries.
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mal resistances which can be located on
all the heat exchange surfaces of a heat
exchanger and so reduce the heat trans-
mission coefficients. In finned air cool-
ers they may occur on both the inside

A B
1.187 1.187

Cooler
Total/sens. heat ratio

Total cooling capacity, kW 24.4 24.4

Evap. temp..°C 0 2.0

Equilibrium relative air 80.0 88.1
humidity at cooler inlet, %

Air inlet temp. °C 50 5.0

Air flow, m3/s 4.1 163

Table 5. Comparison between two cool-
ers of identical basic geometries. Cooler
Ais 16 rows deep, cooler B 4 rows deep.
Cooler B has 4 times the face area of
cooler A. Both coolers have identical
surface areas.

tube surfaces and on the fins.

In coolers using ammonia refrigerant,
inside fouling is usually in the form of an
oil film. Ammonia is an organic fluid and
does not readily mix with oil. Particu-
larly in low temperature ammonia cool-
ers, the design fouling resistance should
be around 0.00017 to 0.00034 m?K/W
(3), but may reach even higher values
after long periods with no defrost and no
oil drainage (5). Qil fouling in CFC
systems is not significant provided the
oil return to the compressor functions
well. Inside design fouling resistances
for coolers using brine refrigerant range
from about 0.0001 m?K/W for clean
systems with chilled water or glycol to
0.0005 to 0.0008 m2K/W for systems
with chloride or carbonate brines and
heavy fouling.

Fouling resistances on the fins are
usually in the form of frost, but may also
be dust particles mixed with condensed
moisture etc. Frost on the fins reduces
the heat transmission coefficient of the
cooler and therefore the cooling capa-
city. For the engineer it is important to
know how the frost affects the perform-
ance of the cooler and how long it takes
for the performance to decrease to a
level where defrost is required.

Accurate prediction of frost growth in
finned air coolers is very complex. How-
ever, to obtain the relative differences in
performance of coolers A to F in Appen-
dix 1 when operating under identical
frosting conditions, a simplified method
as described below is proposed.

Average frost accumulation on the
coil surface during a time interval of Y
secs.:

D =Q*(1-SO)/R/G*Y/FO 6)
where
D  Frost thickness m
Q  Total cooling capacity kW
S Sensible/total heat ratio
R  Latent Heat of sublima-

tion kJ/kg
G  Average frost density kg/m3

Cooler

Cooling capacity in per cent

with internal fouling resistance of
0.0003 m?2K/W.

A
92.8

B C
916 916

D E F
91.1 917 914

Table 6. Effect of internal fouling on the performances of the coolers specified in

Appendix 1.

Cooler A B C D E F

Relative cooling capacity after 49 52 46 57 69 67
72 hours, %

Frost thickness, mm 2.4 2.2 2.4 2.1 1.8 1.8

Frost accumulation per unit 35 35 34 36 37 37

refrigeration energy provided,
kg/MWh

Table 7. Effect of frost on cooler performances.

FO Total cooler surface area m?2

For each time interval, the estimated
frost thickness is added to the layer esti-
mated during the previous interval and
the cooler performance is re-calculated
each time with the external fouling
resistance.

F9=D/L (7)
where
F9 External fouling resist-

ance m?K/W
L Thermal conductivity of

frost W/mK

To make the model more realistic,
each performance calculation for each
time interval is carried out at constant
air velocity between the fins, i.e. the
total air flow through the cooler
decreases proportionally with increas-
ing frost thickness.

For density and thermal conductivity
of frost, the values 150 kg/m3and 0.1 W/

mK may be used for the coolers listed in
Appendix 1, see also ref. (6).

The effect of an internal fouling
resistance of 0.0003 m2K/W on the cool-
ers A to F of Appendix 1 when operating
under those conditions is listed in Table
6. Performance of each cooler with no
fouling is 100 per cent.

Using the greatly simplified frost
accumulation model described above,
the relative differences in performances
between coolers A to F when operating
under identical frosting conditions may
be established. The relative cooling
capacities after 72 hours of operation at
an inlet air relative humidity of 90 per
cent, air on temperature of -32°C and a
constant evaporating temperature of
-40°C are shown in Table 7. The per-
formance of each cooler with no fouling
is 100 per cent.

As expected, the coolers with rela-
tively low heat transmission coefficients

Refrigerant
mass flow

{1
S

0.16 | Return
0.14 |
0.12 |

0.10 4

0.08 |

Average

0.06 |

0.04

0.02 |

J Coil depth

re—

Fig. 9. Equilibrium refrigerant flows through the circuits of a crossflow finned air cooler, ammonia,

liquid recirculation.
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in clean condition are less affected by
the frost accumulation than those cool-
ers with high heat transmission coeffi-
cients, compare coolers C and E. How-
ever, the frost accumulation per unit
refrigeration energy provided by the
coolers over the 72 hour period is about
the same for all.

Conclusion

There is more to the correct selection of
finned air coolers for industrial refri-
geration than cooler surface area. For
two galvanised steel finned air coolers
with identical total surface areas, iden-
tical operating conditions, but different
basic geometries, the difference in cool-
ing capacity may be a factor of 1.6.

Comparison of finned air cooler cost
as cost per unit overall surface area is
common, but often misleading. Com-
parison of cost per unit cooling capacity
over logarithmic mean temperature dif-
ference is a recommended approach.

The air pressure drop through finned
air coolers is also greatly affected by the
cooler geometry, but has not been the
subject of this paper. It is not unusual to
find differences in published air pres-
sure drops of around a factor two for two
different geometries. This, of course,
influences fan power consumption
directly and can therefore not be
ignored.

For a given air cooler with a certain
geometry, a large number of parameters
influence cooler performance. The most
important of these are circuiting, refri-
gerant, refrigerant feed, air/refrigerant
flow pattern, fouling and cooler layout.
Many of these paramaters are under the
control of the refrigeration engineer and
some are not. The application of known
engineering principles in the areas of
heat transfer, heat transmission and
general basic thermodynamics to finned
air coolers is important. The informa-
tion derived enables refrigeration engi-
neers to influence the parameters under
their control in a more correct manner.

The model described does not claim a
high degree of accuracy. The prediction
of heat transmission coefficients is
probably within + 10 per cent, but there
is no scientific evidence to support this,
only a substantial amount of practical
experience. This, however, does not
make the model any less useful. It can
be applied as a very powerful tool to
establish the relative impacts of
changes to the parameters which are
under the control of the engineer.

A basic vapour compression refri-
geration system comprises four main
elements — compressor, condenser,
evaporator and expansion device.
Finned air coolers which in many
systems constitute the evaporator are
just as important as the other elements,
but do not always receive design atten-
tion accordingly. This paper has
highlighted some of the reasons why
additional attention to the design and

Appendix 1
Geometric and performance data

for a selection of air coolers.

Cooler A B C D E F
Tube Pattern Tri. Tri. Tri.  Rect. Tri.  Rect.
Fin thickness, mm 0.412 0.660 0.406 0.612 0.480 0.612
Vert. pitch, mm 50.8 69.85 57.15 60.0 76.2 76.2
Tube O.D., mm 159 254 2223 213 254 254
Hor. pitch, mm 381 6049 57.15 60.0 762 762
No. tubes/fin 4 2 1 1 2 2

Fin hole diam., mm 10 0 0 0 0 0

1, mm 795 127 11.12 1065 12.7 127
R, mm 22.72 3493 2858 30.0 381 381
H, mm 25.40 3493 3195 300 426 381
Fin conductivity, W/mK 68 73 210 63 68 63
Tube I.D., mm 127 214 1892 1576 214 214
Tube conductivity, W/mK 46 46 210 46 46 46
Refrigerant feed LR. LR. LR LR LR LR
Flow Pattern PAFL PAFL PAFL PAFL PAFL PAFL
Refrigerant NH; NHs NHs NHs NHs NHs
Finned length, m 3 3 3 3 3 3
Finned height, m 0.813 0.838 0.800 0.840 0.838 0.838
Finned depth, m 0.610 0.605 0.629 0.600 0.610 0.610
Fin spacing, mm 8.5 8.5 8.5 8.5 8.5 8.5
Face Velocity, m/s 4.0 4.0 4.0 4.0 4.0 4.0
Airon, °C -32.0 -32.0 -32.0 -32.0 -32.0 -32.0
Rel. Hum. on, % 70.0 700 700 70.0 70.0 70.0
Evap. temp. °C -40.0 -40.0 -40.0 -40.0 -40.0 -40.0
Circ. rate 396 550 349 233 432 4.09
Air flow, m¥s (inlet) 9.8 10.1 9.6 10.1  10.1  10.1
Air off, °C -36.3 -359 -36.7 -35.5 -34.8 -34.9
Rel. Hum. off, % 894 876 924 87.0 828 832
Cooling cap. total, kW 63.3 583 680 524 418 429
Cooling cap. sens. kW 623 574 67.0 517 412 423
Refrigerant p.d. °C 0.7 0.7 1.2 1.6 1.2 1.2
Heat transm. coeff. w/m?K 35.7 306 408 28.0 199 20.7
Inside film coeff, w/m?K 2000 2000 2000 2000 2000 2000
Fin efficiency, % 49.7 523 66.7 46.7 365 39.8
Tube surf. area, m? 365 265 307 261 199 195
Finned surf. area, m? 300.9 316.2 314.1 321.8 330.8 330.5
Total surf. area, m? 337.4 342.7 344.8 347.9 3504 350.0
Outside film coeff. W/m?K 450 399 552 376 252 265
Log. mean temp. diff. K 526 556 483 539 599 594

Legend

Tri. Triangular tube pattern.

Rect. Rectangular tube pattern.

Vert. pitch Tube pitch parallel to air
flow direction.

Tubes/fin  No. of tube rows/fin plate in
direction of air flow.

PAFL Parallel flow of air and
refrigerant.

L.R. Liquid recirculation.

selection of finned mild steel air coolers
is justified.
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