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FOREWORD

This Cooling Technology Institute (CTI) publication is published as an aid to cooling tower purchasers and designers. It may be used by
anyone desiring to do so, and efforts have been made by CTI to assure the accuracy and reliability of the data contained herein. However,
CTImakes NO WARRANTY OF FITNESS FOR PARTICULAR PURPOSE OR MERCHANTABILITY nor any other warranty expressed,
implied or statutory. In no event shall CTI be liable or responsible for INCIDENTAL, CONSEQUENTIAL OR COMMERCIAL losses or
damage of any kind resulting from this publication's use; or violation of any federal, state, or municipal regulation with which this
publication may conflict or for the infringement of any patent resulting from the use of this publication.

All CTI codes and standards are copyrighted with all rights reserved to CTI. The reproduction of any part of this or any other CTI code
or standard is a violation of Federal Law. One must recognize and appreciate commitment by a number of volunteer members who donate
their time to develop and update CTI codes and standards. The monies spent for code development, administrative staff support and
publication are essential and constitute a substantial drain on CTI. The purchase price of these documents helps to offset these costs.
Reproduction and distribution by others, in addition to being unethical, undermines this system and constitutes a further financial drain
on CTI. When copies are needed, you are requested to call or write the Cooling Technology Institute, P.O. Box 73383, Houston, Texas
77273, (218) 583-4087. Please request that your associates buy the required codes and standards rather than copy them. Your cooperation
in this matter is greatly appreciated.

Nothing contained herein is to be construed as granting any right for the manufacture, sale or use in connection with any method,
apparatus, or product covered by letters patent, nor as insuring anyone against liability for infringement of letters patent.

This guideline document summarizes the best current state of knowledge regarding the specific subject. This document represents a
consensus of those individual members who have reviewed this document, its scope and provisions. It is intended to aid all users or
potential users of cooling towers.
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Introduction

Recirculation in water-cooling towers
has been defined as “an adulteration of
the atmosphere entering the tower by a
portion of the atmosphere leaving the
tower.” (2)* This adulteration by the
exhaust air raises the wet bulb tempera-
ture of the entering air above that of the
ambient air, reducing the tower over-all
performance.

The recirculation phenomenon arises
primarily because of the negative pres-
sure produced on the leeward side of
the cooling tower by the wind blowing
across the structure. Thus, any factors
which enhance this lee-side negative
pressure will increase recirculation. At
the same time, those elements of tower
design or meteorological phenomena
which increase the amount of ambient
air which mixes with the exhaust air be-
fore entering the lee-side air inlets will
reduce the magnitude of recirculation.
Recirculation is therefore a complex re-
sult of factors which affect the lee-side
negative pressure and the amount of ex-
haust air dilution.

The purpose of the work reported
herein was to determine which factors of
tower design and meteorological condi-
tions influence the amount of recircula-
tion that occurs, and to determine the
effect of recirculation upon tower per-
formance. As corollary results of the
work, a simplified method of allowing
for recirculation in the selection of de-
sign wet bulb temperature is presented,
and recommendations concerning tower
orientation to minimize recirculation are
given.

History

The earliest reference in the literature
<& the problem of recirculation appears
iv be by Lichtenstein (1) in 1943. He
stated: “Recirculation occurs under un-
iavorable wind conditions when part of
hghot discharge air of the tower is
suckkéd back by the forced draft fans

Zintithe tower, uniting with the fresh air,

DeNEmbers in parentheses refer to literature
I in “References.”
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raising the air entering wet bulb tem-
perature, and so, reducing the tower per-
formance.” He further indicated that the
recirculation is less in induced draft
towers than in the forced draft arrange-
ments because of the greater discharge
air velocity in the induced draft de-
signs.

In 1951, Lichtenstein published a pa-
per (2) outlining the recirculation prob-
lem mathematically and pointing to the
need for quantitative measurement on
actual installations in order to obtain the
data necessary to permit the design of
installations to allow for recirculation.

The Cooling Tower Institute activated
Technical Sub-Committee #2 in 1951
and the committee began the selection,
design, modification and preliminary
trial runs of instruments and test pro-
cedures to obtain these data on operat-
ing industrial water-cooling towers. Ac-
tual field testing was begun in the spring
of 1954.

Meanwhile, cooling tower develop-
mént work which included a wind tunnel
study of the recirculation problem was
being conducted in England. The con-
clusions reported in the British literature
(3) in 1956 were that recirculation is a
function of the ratio of wind velocity to
tower discharge velocity; that fan stacks
30 ft high had no appreciable beneficial
effect; that raising the tower on stilts 30
ft did not show any improvement; and
that cross winds of 8 to 10 mph repre-
sented the worst condition for recircula-
tion, a condition at which a very long
tower could be expected to recirculate a
maximum of 8 per cent.

Procedure

Thirty cooling towers of various man-
ufacture were tested in the TSC#2
study. Physical dimensions and descrip-
tive information on these towers are
given in Table 1.

Included were 2 forced draft towers,
7 cross-flow towers, 4 coilshed towers,
and 17 counter-flow towers. Of these, 14
towers were of back-to-back cell ar-

rangement and 16 of straightline cell
arrangement. Tower lengths varied from
36 ft to 361 ft; tower widths from 13
to 68 ft; tower frame heights from 19
to 55 ft; fan diameters from 8 to 22 ft;
fan stacks heights from 4 to 17 ft. Elev-
en of the towers had fan stacks taller
than the standard 4 to 6 ft height. Meas-
ured exhaust air velocities varied from
165 fpm (for one of the forced draft
designs) to 2005 fpm.

A description of the instruments and
methods has been published (4) and
will not be repeated here. A list of the
items reported for each test is included
in the Appendix. Each tower study con-
sisted of 6 tests of 75 or 80 minutes each
over a 3- to 5-day period. Water and air
temperatures and wind direction and ve-
locity were recorded at S-minute inter-
vals, giving a total of 15 or 16 readings
per test for each variable.

For each test, a plot was prepared with
reading number or time as the abscissa
and water temperatures, wet bulb tem-
peratures, wind velocity and direction
as ordinates. Examination of this plot
gave a visual indication of whether the
test period represented steady-state or
nearly steady-state conditions. If any
sudden change or erratic character was
noted in the heat load, ambient wet bulb
temperature or wind velocity or direc-
tion, the erratic portion of that test, or
(rarely) the entire test, was omitted in
arriving at test averages. A wind shift
across the long axis of a tower was al-
lowed where it occurred only momen-
tarily and did not appreciably affect the
windward-leeward relationships of inlet
wet bulb temperature readings. In the
majority of cases, the entire series of
test readings was considered usable. Two
vlots illustrating edited tests are shown
in Figure 1.

For purposes of evaluating the tests
for recirculation, a summary sheet (see
Figure 6) was prepared for each tower,
showing the arithmetic average of data
taken for each test, test averages and
calculations. Psychrometric data for the
calculations were taken from charts and

tables in the ASHAE Guide.
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Calculations

From the mathematical standpoint, re-
circulation can be expressed as the per
cent of the exhaust air which re-enters
the tower at the air inlets. Thus, consid-
ering a heat balance on the air around
the tower:

Gah, R
G x3R5@h
100 ™
|1

tures read on both sides of the structure
at the air inlets was therefore used to de-
termine the enthalpy of the entering air.

Correlation

For correlation purposes, only that
test which gave the maximum recircula-
tion percentage for each tower was used.
Because only 6 tests were run on each
tower, it is recognized that the maximum
recirculation reported for a given tower
may not represent the true maximum
which could be obtained under more ad-
verse conditions of wind direction and
velocity. On the final correlation, there-
fore, those test points which fall sub-

stantially below the curve drawn can be
given less consideration on the basis

that they do not represent a maximum __

recirculating condition.

Table 2 lists the average values of all
principal variables from the test giving
maximum recirculation on each tower.
These average data, together with the
tower physical characteristics given in
Table 1, comprise the entire data used
in the correlations.

As a starting point for determining
possible correlating variables, the maxi-
mum per cent recirculation for each tow-
er was plotted against a number of sus-
pect variables including tower length,
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[ - WIND DIRECTION, ° OFF AXIS
Gah, 6(1 Rc/loo)@ha BY TOWER QUADRANTS O =SE. SW. X = N.E, N.W.
90 | : 90 .
5 60 i + 60
Gh, =6 (1Re/100) ha+6 (Rc/io0)h, 2 ! |
30 . 30
Solving for R : | /k'—t\ |
h, —h 0 —AN < O
R.=3,—%, *10 [y AT e A AT
- (1) z o\ /! ¢
In applying Equation (1) to the test 90 | ] 90
data, the average windward wet bulb WIND VELOCITY. MPH
temperature was considered to be more : '
representative of the ambient air state 12 1/'\ : 12~ RO
than the single ambient station readings. 8 ! I i 8
The former represented the average V\A \ / \ 1 /"\
reading of 5 psychrometers spaced 4 ' S \ 4
along the windward side ;)f the l?truc- 0 ! 0
ture, and the latter a single psychrom- -
eter which gave readings tl%at were some- HOT WATER TEMPERATURE, °F
times slightly higher and sometimes 110 1___/|——\_\ ! 103 ]
slightly lower than the average wind- 109 1 Sl 102 pd
ward readings, but the differences were 1 |
in all cases small and would have little 108 | | 101
effect on the final correlation. In those COLD WATER TEMPERATURE, °F
few cases where the wind direction made 9 : 74
it difficult to distinguish between lee- ! | [/.\1__.______1__\
ward and windward sides of the struc- 91 T ’_}r 73
ture, the side having the lower average 90, t : 72
wet bulb temperature was considered WET BULB TEMPERATURE. °F
th%x::&y 2;(2:1::1:& he in Equation (1) ™ TOWER EAST SIDE ~ ——TOWER WEST SIDE =~ ====- AMBIENT
should be the weighted average inlet air 80 i ] bb [ e
enthalpy, taking into account the air 78 % LEE ! : ] pa bt SEE Lo o)
A-w and the wet bulb temperature at Toa e .._'_.~' DN
¢ach inlet measuring stationl, with the 76 '-.': : ‘I / 52 .
tations located to completely traverse I P / el S TSN
the air inlet area. However, due to the 74 Epond NS s%i__rk\l/ < 60 <l '}f.\.’,n Singfa
Ovafigble nature of the atmosph-ere and . 72 | r | 58|
Qot@r outside inﬂuen(:t::s, the. ﬂmultgn- TR T RN TSN
S eoffy measurement of inlet air velocity RUN: -1 5 0 5 | 5 0 3

%arﬁ wet bulb temperature at each loca-
Etig was found to be impossible in field (a)

Figure 1. Typical plots of test variables. (a) Runs 4 through 12 used in test averages; shifting =’

testd on large cooling towers. The arith-
3 wind direction was reason for omitting other runs. {b) All runs used in test averages.

© mEc average of the wet bulb tempera-
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