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CTI CODE TOWER

Standard Specifications

FOREWORD

In the interest of obtaining uniform standards in the cooling tower industry, the Caoling Tower
Institute has developed a series of individual Standards which taken together constitute a
specification for a CTI CODE TOWER. Adherence to these standards is strictly on a voluntary
basis. Any manufacturer may use them in whole or in part but their existence does not in any
respect preclude any party who has approved of the standard from manufacturing or selling a
water-cooling tower not conforming to the standard. However, when reference to this CTI Code
Tower Standard Specification is made in proposals, contracts, labels, invoices or advertising
literature, the provisions of the standard are enforceable through usual legal channels as part of the
sales contract.

Services of the Cooling Tower Institute may be arranged to assist any and all users and
manufacturers of water-cooling towers in the application of these Standard Specifications.

Printed copies of all CTI CODE TOWER Standard Specifications are available at nominal cost.

This Cooling Tower Institute (CTI) publication is published as an aid to 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, CTI makes 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 standard
may conflict; or for the infringement of any patent resulting from the use of this standard.

Nothing contained herein is to be construed as granting any right for the manufacture, sales 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.
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PART 1
TEST PROCEDURE

1. SCOPE AND PURPOSE

1.1 Scope. This Code covers the determination of the
capability of spray cooling systems. A spray cooling system
may consist of one or more spray cooling modules in a pond,
canal, tank, basin, etc.

1.2 Purpose. The purpose of this Code is to describe
instrumentation and test procedures which will yield accuracy
and uniformity in calculated spray cooling system capability.

1.3 Flexibility. It is recognized that the data limitations
specified throughout this test procedure represent desired
conditions which often do not exist at the time the test is
performed. In such cases existing conditions may be used if
mutually agreed upon prior to the test by authorized
representatives of the manufacturer and the purchaser.

1.4 Other uses. Although intended primarily for acceptance
testing, all or parts of this Code may be used for other
purposes, such as the determination of any of the individual
measurements described.

2. CONDITIONS OF TEST

2.1 Conduct of Test. The test shall be conducted by the
manufacturer in the presence of authorized representatives of
the purchaser if they desire to be present. The manufacturer
shall be given permission to inspect the spray cooling system in
advance and prepare it for the test. In no case shall any directly
involved party be barred from the test site. Acceptance tests(s)
shall be conducted within 12 months after completion of the
spray cooling system, unless otherwise stipulated by
contractual agreement of owner and manufacturer.

2.2 Condition of Equipment. At the time of the test the spray
cooling system shall be in good operating condition:

a) The spray system pumps shall be operating in accordance
with manufacturer’s equipment specifications,
specifically orifice/nozzle opening, static head, and brake
horsepower shall be at design conditions.

b) Mechanical equipment, if used, like fans, shall be rotating
in the correct direction, with proper orientation of leading
and trailing edges. Fan blades shall be at a uniform angle
that will yield within + 10 percent of the specified
horsepower loading. In addition, fan blades shall be free
of foreign material and properly secured to the shafts.

¢) Drift eliminators, if used, shall be essentially clear and
free of algae and other deposits which may impede
normal air flow.

d) All water flow areas such as nozzles, orifices, throats,
etc., shall essentially be free of foreign materials such as
oil, tar, scale, or algae.

e) All spray modules shall be permanently and securely
moored per design spacing.

f) At least 95 percent of all modules must be operating
during test.
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2.3 Operating Conditions. The test shall be conducted within
the following limitations:

2.31 The wet-bulb and dry-bulb temperatures shall be the
inlet vaiues, measured in accordance with Paragraph 3,3 of
this test procedure.

2.32 The wind speed and direction shall be measured in
accordance with Paragraph 3.4 of this test procedure, and
shall not exceed the following:

a) average wind speed .. ... between 3 and 10 miles/hr
b) one-minute duration ................ 15 miles/hr

2.33 The following variations from design conditions shall
not be exceeded:

2,331 Wet-bulb temperature. .... —15°F, +10°F
2.332 Dry-bulb temperature ............ *20°F
2,333 Heatload ........ et v £20%
2.334 Waterflowrate ........... cereen 210%
2,335 Cross flow wind speed . ...... veves £15%

2.34 The water flow shall be distributed to all operating
modules as recommended by the manufacturer. Water
temperature to and from the spray cooling system will be
measured by two grids, one at each point in accordance with
Paragraph 3.2 of this test procedure.

2.35 The total dissolved solids in the water, as determined
by evaporation, shall not exceed the greater of the following:

a) 5,000 ppm
b) 1.1 times the design concentration

The water to the cooling system shall contain not more than
10 ppm oil, far, or fatty substances as determined by the
procedure outlined in ¢‘Standard Methods for the
Examination of Water and ‘Wastewater,”’ published by the
American Public Health Association,

2.4 Constancy of Test Conditions. For a valid test, variations
in test conditions shall be within the following limits:

2.41 Water flow rate shall not vary by more than 5 percent.

2.41 Heat load shall not vary by more than 5 percent.

2.43 Range shall not vary by more than 5 percent.

2.44 Instantaneous air temperature readings may fluctuate
but variations in the hourly averages durmg the test period
shall not exceed the following:

1) Wet-bulb temperature --- 2°F per hour
2) Dry-bulb temperature --- 5°F per hour

2.5 Duration-of Test. The owner shall operate the spray
cooling system for at least three hours or the residence time,
whichever is greater, at a minimum of 80 percent design heat -
load to establish steady state conditions prior to the start of
testing. The tests shall be conducted between the hours of
10:00 A.M."and 4:00 P.M, on ten consecutive days. In the
event of measurable precipitation or any other reason deemed
by the owner or manufacturer to so require, testing shall be
postponed and resumed as soon thereafter as practical.

a) The residence time or thermal time constant of the spray
system is critical to the evaluation of the system. During
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“Constancy of Test
Conditions’’ stipulated in Paragraph 2.4 of this test
procedure shall prevail,

b) For residence times of over one hour, data shall be
evaluated in one-hour intervals to facilitate evaluation.

2.6 Frequency of Readings. Readings shall be taken at regular
intervals and recorded in the units and to the number of
significant figures shown in the following tabulation:

an equivalent time span the
|
|
|

Minimum
number
each hour Record to
Measurement per station  Unit Nearest

Wet-bulb temperature ............ 12* °F 0.1
Dry-bulb temperature*** ..., ..., 12* °F 0.1
Cold water temperature ............ 12 °F 0.1
Hot water temperature ............. 12 °F 0.1
Water flowrate ........... e Jn gpm 1
Water pump brake horsepower ....... 1 hp 0.1
Fan driver brake horsepower*** . . . ... 1 hp 0.1
Windspeed....................... 6* mph 1
Wind direction.................... 6* deg 3

* or recording

**  single center point readings for comparison with full traverse reading
taken before test (when measurement is made by pitot tube)

*++ if applicable

2.7 Local Topography. The topography shall be clear and
unobstructed for a distance equivalent to ten times the canal or
lagoon width, or pond diameter, but in any event not less than
500 feet.

a) Adjacent bank or berm elevation shall not exceed the
minimum operating water depth by more than three feet.

b) Terrain immediately attendant to the canal, pond, basin,
etc., shall not deviate by greater than two feet.

3. INSTRUMENTS AND MEASUREMENTS

All instruments used shall be inspected and approved by the
owner and manufacturer prior to the test. All instruments shall
have been calibrated before the test.

3.1 Water Flow Measurements,

3.11 Water flow measurements may be made by any of the
following as appropriate for the type of system:

Pitot tube (traverse)
Orifice

Venturi

Volumetric or bulk
Weir

Flow Nozzle

The procedure for using any of the above shall be as
described in one or more of the following sources:

1) Instrument manufacturer’s instructions

2) ASME Supplements on Instruments and Apparatus,
PTC-19.5, Flow Measurement i

3) ASME Performance Test Code No. 18 on Hydraulic
Prime Movers (latest revision)
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Any other owner-manufacturer approved methods of direct
measurement may be used. The accuracy of any of the above
methods shall be presumed to be within +1.25 percent. The
selection of method and location of measurement will be
dependent upon the nature of the installation to be tested.

3.12 The water flow rate to the spray cooling system shall be
measured.

“3.13 If water flow to the spray cooling system is measured by
pitot tube traverse, an air-over-water (inverted type)
manometer shall be used unless otherwise agreed by the parties
to the test, One full traverse shall be made immediately
preceding the test, and a minimum of three center-point
readings shall be taken during the test.

3.2 Water Temperature Measurements, Water temperature
measurements shall be made by any of the instruments (such as
resistance thermometers or mercury-in-glass thermometers)
and methods prescribed in ASME “‘Supplements on
Instruments and. Apparatus’’ (latest revision). Instruments
shall be designated to indicate or record in 0.2°F graduations.
Temperature-sensitive elements shall be carefully located
where the water will be thoroughly mixed.

Water temperature to and from the spray cooling system
shall be measured by at least two grids, at least one at each
point. The grids shall be designed and located to ensure true
representation of the actual upstream and downstream cooling
system temperatures.

3.3 Inlet Air Temperature Measurements. The measurement of
inlet wet-bulb temperature is required for the testing of all
types of spray cooling systems covered by this Code.

3.31 Inlet Wet-bulb Temperature. The inlet wet-bulb
temperature shall be measured with mechanically aspirated
instruments, each meeting the following requirements:

a) The indicator or recorder shall be graduated in
increments of not more than 0.2°F,

b) The temperature-sensitive element
accurate to +0.1°F,

c) The temperature-sensitive element shall be
shielded from direct sunlight or from other
significant sources of radiant heat. The shielding
device shall be within 2°F of the surrounding dry-
bulb temperature.

d) The temperature-sensitive element shall be
covered with a wick that is continuously fed from
a reservoir of distilled water,

€) The temperature of the distilled water used to wet
the wick shall be at approximately the wet-bulb
temperature being measured. This may be
obtained in practice by allowing adequate
ventilated wick between the water supply and the
temperature-sensitive element.

f) The wick shall fit snugly over the temperature-
sensitive element and extend at least two
centimeters past the element over the stem. It shall
be kept clean while in use.

g) The air velocity over the temperature-sensitive
element shall be maintained between 950 and 1050
feet per minute.

shall be

3.311 For measurement of inlet wet-bulb temperature, the
instruments shall be located within five feet upwind of the edge
of the spray at the mean spray height. A sufficient number of

"’ _ measurement stations shall be designated so that regardless of
- wind direction at least four stations will be upwind of the spray

cooling system at all times to guarantee the test average is an
accurate representation of the inlet wet-bulb temperature.
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