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The sensible heat cooling capacity g, 0f a given coil is expressed
by the following equation:

4= U FANAL, (1a)
with
F,=AJAN, (1b)

Assuming no extraneous heat losses, the same amount of sensi-
ble heat is lost from the airstream:

Gd = Imu“’acp{" al — ;ﬂ!.} (2‘”
with
Wo= 60paAaVﬂ (2b)

The same amount of sensible heat is absorbed by the coolant; for
a nonvolatile type, it is

Gia = 1000w, (1,2 — 1)) (3)
For a nonvolatile coolant in thermal counterflow with the air, the

mean temperature difference in Equation (1a) is expressed as

At {!al_rrl)_(rﬂz_rrll

- (4)
N[ty = £, Uy = b))
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For a bare-pipe coil, the overall coefficient of heat transfer for
sensible cooling (without dehumidification) can be expressed by a
simplified basic equation:

U, = : (5a)
(1/f,) +(D,-D,)/2000k + (B/f,)

When pipe or tube walls are thin and of high-conductivity mate-
rial (as in typical heating and cooling coils), the term (D, — D;)/
2000k in Equation (5a) frequently becomes negligible and is gen-
erally disregarded. (This effect in typical bare-pipe cooling coils
seldom exceeds 1 to 2% of the overall coefficient.) Thus, the over-
all coefficient for bare pipe in its simplest form is

1

U, = (5b)
(171,) + (B/f,)

For finned coils, the equation for the overall coefficient of heat
transfer can be written

. 1
° (/) +(B/f,)

where the fin effectiveness 1) allows for the resistance to heat flow
encountered in the fins. It is defined as

N = (E4, + A,)/A, (6)

(3¢)
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For analyzing a given heat exchanger, the concept of effective-
ness is useful. Expressions for effectiveness have been derived for
various flow configurations and can be found in Kusuda (1970) and
Mueller (1973). The cooling coils covered in this chapter actually
involve various forms of crossflow. However, the case of counter-
flow is addressed here to illustrate the value of this concept. The air-
side effectiveness E,, for counterflow heat exchangers is given by the
following equations:

dra = 1000w,c,(fg) — 1) E, (7a)
with
[ -1
Ea o al a2 {‘?b)
la1=1n
or
1 ~C,(1 - M)
E, = —= (7¢)
e
with
Aﬂuﬂ i FSNFUG

Cym mll (7d)
1000w,c,  1000p,V,.c,
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and

WaC)p _ paAﬂVacp

M =
r
w.C. we,

Note the following two special conditions:
[fM=0,thenE,=1—-e*
If M= 1, then

E =;
& {(1/cy+ )

(7e)

With a given design and arrangement of heat transfer surface
used as cooling coil core material for which basic physical and heat
transfer data are available to determine U, from Equations (5a),

(3b), and (5c¢), the selection, sizing, and performance calculation of

sensible cooling coils for a particular application generally fall into

either of two categories:

1. Heat transfer surface area A, or coil row depth N, for a specific

coil size is required and initially unknown. Sensible cooling

capacity ¢,,, flow rates for both air and coolant, entrance and exit
temperatures of both fluids, and mean temperature difference
between fluids are initially known or can be assumed or deter-
mined from Equations (2a), (3),and (4). 4, or N, can then be cal-

culated directly from Equation (1a).
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2. Sensible cooling capacity ¢,; for a specific coil is required and
initially unknown. Face area and heat transfer surface area are
known or can be readily determined. Flow rates and entering
temperatures of air and coolant are also known. Mean tempera-
ture difference Af,, is unknown, but its determination is unnec-
essary to calculate ¢g,;, which can be found directly by solving
Equation (7a). Equation (7a) also provides a basic means of
determining ¢, for a given coil or related family of coils over the
complete rating ranges of air and coolant flow rates and operat-
ing temperatures.

Example 1. Standard air flowing at a mass rate equivalent to 4.2 m%/s is to
be cooled from 29.5 to 24°C, using 2.5 kg/s chilled water supplied at
10°C in thermal counterflow arrangement. Assuming an air face veloc-
ity of ¥, = 3 m/s and no air dehumidification, calculate coil face area
A, sensible cooling capacity q,,, required heat transfer surface area 4,
coil row depth N, and coil air-side pressure drop Ap,, for a clean, non-
fouled, thin-walled bare copper tube surface design for which the fol-
lowing physical and performance data have been predetermined:

B = surface ratio = 1.07

¢y = 1.0kV(kg-K)

4.18 kl/(kg-K)

(external surface area)/(face area)(rows deep) = 1.34
f, = 85 W/(m?-K)

£, = 4500 W/(m? -K)

6.7 Pa/number of coil rows

Py = 1.20 kg/m?

e
o

==
=

>
Il
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Solution: Calculate the coil face area required.
A,=423=14 m?
Neglecting the effect of tube wall, from Equation (5b),

U, = !
(1/85) + (1.07/4500)

= 833 W/(m*K)

From Equations (2a) and (2bh), the sensible cooling capacity is
Geg = 1000 x 1.20 x 1.4 x 3 x 1.0(29.5 - 24) =27 700 W
From Equation (3),
f, =10+ 27 700/(1000 x 2.5 x4.18) = 12.7°C

From Equation (4),

o, {295- 12?}"(24-10} = 154°C
M In[(29.5-12.7)/(24 - 10)] :

From Equations (1a) and (1b), the surface area required is
A, =27 700/(83.3 x 15.4) = 21.6 m* external surface
From Equation ( Ib), the required row depth is
N.=21.6/(1.34 x 1.4) = 11.5 rows deep
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The installed 1.4 m? coil face, 12 rows deep, slightly exceeds the
required capacity. The air-side pressure drop for the installed row depth
is then

Ap,,= (Apy/N,)N, =6.7 x 12 = 80 Pa at 20°C

In this example, for some applications where such items as ¥, w,,
I, and f, may be arbitrarily varied with a fixed design and arrangement
of heat transfer surface, a trade-off between coil face area 4, and coil
row depth N, is sometimes made to obtain alternative coil selections
that produce the same sensible cooling capacity q,. For example, an
eight-row coil could be selected, but it would require a larger face area
A, with lower air face velocity ¥, and a lower air-side pressure drop Ap,,.

Example 2. An air-cooling coil using a finned tube-type heat transfer sur-
face has physical data as follows:

A, = 1.0m?
A, = 75 m? external
B = surface ratio = 20
F; = (external surface area)/(face area)(rows deep) = 27
N, = 3 rows deep

Air at a face velocity of ¥, = 4 m/s and 35°C entering air tempera-
ture is to be cooled by 1.0 L/s of well water supplied at 13°C. Calculate
the sensible cooling capacity ¢,,, leaving air temperature 7 ,,, leaving
water temperature f,,, and air-side pressure drop Ap,. Assume clean
and nonfouled surfaces, thermal counterflow between air and water, no
air dehumidification, standard barometric air pressure, and that the fol-
lowing data are available or can be predetermined:
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¢, = 1.0kJ(kg K)
¢ = 4.18klJ(kg-K)
f, = 97 W/(m?-K)
£, = 2800 W/(m?-K)
n = fineflectiveness= 0.9
Apg /N, = 55 Pa/number of coil rows

p, = 1.20 kg/m?
P, = 998 kg/m?

Solution: From Equation (5¢),

U, - ] = 54 W/(m*K)
1/7(0.9 x97) + (20/2800)
From Equations (7d) and (2b),
i 75 x 54 0.84

°  1000x120x10x4x10

From Equation (7e),

M= 1.20x1.0x4x 1.0 = 1.15
1.0x0.998 x 4.18

Substituting in,
—¢,(1 - M)=-0.84(1 -1.15)=0.125

From Equation (7c),
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0.126
l-e

1 -1.15¢

= 0441
0.126

E, =

From Equation (7a), the sensible cooling capacity is
Gra= 1000 > 1.20 x 1.0 x 4x 1.0(35 — 13) x 0.441 = 46 600 W

From Equation (2a), the leaving air temperature is

46 600
1000 x 1.20x 1.0x4x 1.0

t,2 = 35— = 253°C

From Equation (3), the leaving water temperature is

t, =13+ 4h o0 = 24,2°C

1000 x 1.0 x 0.998 x4.18

The air-side pressure drop is

Ap,=55%3=165Pa

The preceding equations and examples demonstrate the method
for calculating thermal performance of sensible cooling coils that
operate with a dry surface. However, when cooling coils operate wet
or act as dehumidifying coils, performance cannot be predicted with-
out including the effect of air-side moisture (latent heat) removal.
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Cagb) s pae )y cagh) JSTus

Direct Steam Evaporaltive Pan Water Spray
Small Substantial
Effect on temperature temperature rise | temperature drop
Unit capacity per unit size | Small to very large Small Small
Vapor quality Excellent Good Poor
Response to control Immediate Slow Slow
Control of output Good to excellent Average Average
; = Pan subject to Subject to severe
Sanitation/corrosion Séggl:sﬁﬂgg' corrosion; bacteria corrosion and
can be present bacteria problems
Maintenance frequency Annual Weekly to monthly | Weekly to bimonthly
Maintenance difficulty Low High High
Costs: Price : : :
Installation
Operating Low Low Low
Maintenance Low High Very high
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Fixed Energy Heat Heat Hunaround
Plate Wheel Wheal Pipe Coil Loop
Adirflow Counterflow Counterflow | Counterflow | Counterflow =
arrangements Cross-flow Parallel tlow Parallel flow
Equipment size 25 and wp 25 1o 35 000 25 to 35 000 30 and up 30 and up
range, L/s and up and up
Tiypical sensible 50 to B 50 10 B3 50 to 85 45 to 65 35 to 63
effectiveness(m,
=m,), %
Typical latent ef- S0 to &5 0 -
fectiveness,* %
Total effective- — S0 tor 85 s — —
ness,* %
Face velocity, m's 1o 3 233 203 204 15103
Pressure drop, 100 to 1000 100 to 300 100 to 300 150 to 500 150 o 500
Pa
EATR, % i3 03w 10 051w 10 Ol 0
OACF 0.97 to 1.06 09910 1.1 lwl.2 0,99 to 1.01 1.0
Temperature ~60 to 800 ~55 to 800 —55 to 800 —40 1o 40 —45 10 500
range, "C
Typical mode Exchanger only |Exchanger only [Exchanger only |Exchanger only (Coil only
of purchase Exchangerin  |Exchangerin  [Exchangerin  |Exchangerin |Complete
case case case case system
Exchanger and |Exchanger and |[Exchanger and |Exchanger and
blowers blowers blowers blowers
Complete Complete Complete Complete
system syslem system system
Advantages Mo maoving parts |Moisture or Compact large  |No moving pans |Exhaust air-
Low pressure mass transfer | sizes except tilt stream can be
drop Compact large  |Low pressure  (I'an location not | separated from
Easily cleaned | sizes drop critical supply air
Low pressure  |Easily cleaned |[Allowable pres- [Fan location not
drop sure differen- | critical
Available on tial up to
all ventilation 15 kPa
system plat-
forms
Limitations Large size at  |Supply air may |[Some EATR  |Effectiveness  [Predicting
higher flow require some | without purge | limited by performance
Tales further cool- pressure drop | reguires aceu-
ing or heating and cost rate simula-
Some EATR Few suppliers tion model
without purge
Heat rate control (Bypass damp-  |Bypass damp- |Bypass damp-  |Tilt angle down |Bypass valve or
(HRC) methods | ers and ducting| ers and wheel | ers and wheel | to 10% of pump spead
speed control | speed confrol | maximum heat | control
rate
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