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CHAPTER I

INTRODUCTION

I.A Fouling — A Brief Definition
Fouling is defined as the accumulation of deposits on heat transfer surfaces. These
deposits represent an additional resistance layer, which deteriorates the heat exchanger’s
performance. Engineers are concerned with fouling because it leads to increases in
design, manufacturing, and operating costs.
In order to study the causes and effects of fouling, an understanding of how
fouling takes place is important. There are six modes of fouling:
1. Scaling: Precipitation of material dissolved in a fluid due to a change
in the fluid’s temperature.
2. Particulate fouling: Deposition of particles suspended in a fluid on a
heat transfer surface.
3. Corrosion fouling: Accumulation of deposits that result from an
electro-chemical reaction in which the heat transfer surface takes part.
4. Chemical reaction fouling: The deposition of particles that come from
a reaction in which the fluid takes part.
5. Biological fouling: Growth of micro- or macro-organisms on heat

transfer surfaces.



6. Freezing fouling: Solidification of a fluid on a heat transfer surface

below the fluid freezing point.

Fouling is a time-dependent phenomenon and is usually preceded by a nucleation
period. Once fouling starts, it can follow three functional forms. Figure 1 presents the
three types of behavior of fouling resistance with respect to time. A linear fouling rate
means that the fouling resistance grows at a constant rate. A falling rate means that the
rate at which the fouling layer grows decreases with time. Finally, an asymptotic fouling

rate is the case where the fouling resistance approaches a limiting value over time.
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Figure 1. Fouling-rate Types.

I.B Introduction to Cooling Towers and Enhanced Tubes
Because of its natural abundance, non-harmful chemical composition, and

suitable thermal properties, water is a frequently used fluid in heat exchangers. A cooling
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tower is a common component of a building HVAC system. Figure 2 presents a
schematic of a cooling tower. A cooling tower uses several steps (loops) to reject heat to
the atmosphere. From a fouling perspective, the most critical loop is the “open
recirculating loop” (see Figure 2) in which cooling tower water is exposed to the
atmospheric air, and then circulated through a set of condenser tubes to be heated by a
condensing refrigerant.

Cooling tower water is a complex solution that contains many dissolved
constituents. In addition, cooling tower water picks up particles (dust, for example) while
in contact with the atmospheric air. These solutes and particles are the primary cause of
fouling in condenser tubes.

Because cooling tower water is treated with corrosion inhibitors and biocides,
corrosion and biological fouling do not occur in the open recirculating loop. Moreover,
no chemical reaction or freezing takes place in the condenser tube, so the only two
fouling modes that are of concern in condenser tubes are particulate fouling and scaling
(precipitation fouling).

Another factor that affects fouling in the condenser tubes is the internal geometry
of the tube. In recent years, the use of enhanced tube geometries has become widespread.
Enhanced geometries can drastically improve the heat transfer properties of the
condenser tube. One of the most common enhancement geometry encountered today is
the helical fin. Figure 3 shows an example of helically-finned and axially-finned tubes.
Several terms are used in the nomenclature of enhanced heat transfer to describe a
helically-finned tube. These terms are the helix angle, the fin height, and the number of

starts. The helix angle is the angle that the edge of the fin forms with the axis of the tube.
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The fin height is the distance measured from the internal wall of the tube to the top of the
fin. The number of starts refers to how many fins one can count around the circumference

of the test tube. For example, the axially-finned tube of Figure 3 has eight starts.

Figure 3. Axially-finned and Helically-finned Tubes.

The current practice to account for tube fouling during the design of heat
exchangers is to use a fouling resistance in the calculations for the overall heat transfer
coefficient. The problem is that the existing fouling resistance factors are based on
smooth-tube data (Somerscales, 1990), since the factors were obtained before the
enhanced tube geometries were used. Recent studies (Webb and Kim, 1989, Webb and
Li, 2000) suggest that the enhancements in the tube geometry may actually promote
fouling to the point where the additional thermal resistance caused by fouling
overwhelms the enhancement-resulting gain in the tube’s heat transfer performance. The
reason could be that enhancement geometry creates additional surface area where the

deposits can attach. Deposits can also fill in the space between fins (see Figure 3).

I.C TRP-1205
TRP-1205 is a project sponsored by the American Society of Heating,

Refrigerating, and Air Conditioning Engineers (ASHRAE). The full title of the project is
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“Water-Side Fouling Inside Smooth and Augmented Copper Alloy Condenser Tubes in

Cooling Tower Water Applications.” This project has three objectives:

1. Develop a water quality database for cooling tower water applications.

2. Correlate fouling data with water quality.

3. Experimentally determine the fouling of smooth and augmented tubes

by directly using or simulating cooling tower water.
These objectives are to be accomplished in three phases:

Phase I: Perform a literature survey of the topic.

Phase II: Collect and analyze cooling tower water samples to compile a

database.

Phase III: Perform a precipitation and particulate fouling experiment to

determine the influence of tube geometry, water velocity, and water

chemistry on fouling resistance.

Phases I and II were performed by Tubman (Tubman, 2002) during his graduate work at
Mississippi State University. This thesis focuses on Phase III, and more specifically, on
the design of the experimental apparatus needed for Phase III.

In order to fully satisfy the objectives of Phase III of the project, the experimental
apparatus has to simulate, as closely as possible, the condenser of a cooling tower system
chiller. To achieve this, a shell-and-tube (or double-pipe) heat exchanger must be used
with water flowing in the inner tube and refrigerant condensing in the annulus. The

simplest simulation of this arrangement is a double-pipe counterflow heat exchanger.



I.D Phase III of TRP-1205 — Objectives

The three objectives of Phase III are to experimentally determine the influence of
(1) tube geometry, (2) water velocity, and (3) water chemistry on the water-side fouling
of condenser tubes. Previous research (Li and Webb, 2000) demonstrated that the fin
geometry (fin height, helix angle, and number of fin starts) affects fouling of condenser
tubes. In order to study the influence of tube geometry on the fouling resistance (the first
objective of Phase III), tubes with different internal fin geometries have to be tested at
similar water-velocity and water-chemistry conditions. This can only be achieved if tubes
with different fin geometries are placed in parallel. With this in mind, nine tube
geometries to be tested were selected by the research team and approved by the Project
Monitoring Subcommittee. Table 1 delineates tube geometries of the nine tubes. Each
tube has the same outside fin geometry and outside diameter so that the outside heat
transfer coefficient is equal for each test tube. The length of each tube is 10 ft. For

installation purposes, six inches from both ends of the tube are unfinned.

Table 1. Recommended Tube Geometries.

OD | ID | Fin Height | Helix | Number
Tube # | inchy | (inch) | (inchy | Angle| Of
(°) Starts
1| 075 |0612] 0015 | 25 | 10
2 075 [0612] 0015 | 25 | 30
3 | 075 |0612] 0015 | 48 | 30
4 | 075 [0612] 0015 | 25 | 45
5 | 075 |0612] 0012 | 35 | 45
6 | 075 | 0.612] 0015 | 35 | 45
7 1075 | 0612 0020 | 35 | 45
8 | 075 |0.612] 0015 | 48 | 45
9 075 | 0612 i : ;
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Table 2 presents the dimensions of the tubes that were manufactured by Wieland-

Werke AG for Phase III of TRP-1205.

Table 2. Manufactured Tube Geometries.

Tube # External Structure Root Wall Internal Structure
OD fin pitch | fin height | thickness | fin height | number of | helix ID
starts angle

(inch) | (fins/inch) (inch) (inch) (inch) - ©) (inch)
1 0.741 40 0.0372 0.0254 0.0150 10 25 0.616
2 0.741 40 0.0364 0.0268 0.0148 30 25 0.615
3 0.743 40 0.0370 0.0268 0.0150 30 48 0.615
4 0.740 40 0.0364 0.0270 0.0150 45 25 0.613
5 0.741 40 0.0354 0.0280 0.0122 45 35 0.614
6 0.740 40 0.0366 0.0268 0.0150 45 35 0.613
7 0.741 40 0.0368 0.0268 0.0201 45 35 0.614
8 0.739 40 0.0364 0.0264 0.0150 45 48 0.613
9 0.742 40 0.0366 0.0264 0.0000 - - 0.616

The second and third objectives of Phase III are to determine the influences of
water velocity and water quality on the fouling characteristics of condenser tubes. To
satisfy the second objective, the Project Monitoring Subcommittee required the research
team to perform tests with water velocities at 2 ft/s, 5 ft/s, and 8 ft/s, with the stipulation
that the water velocity in each test tube must remain constant during a single test. An
increase in the water velocity might increase the removal rate of the fouling deposits
because of increased wall shear stress. To study the effects of water quality on fouling
resistance in condenser tubes (third objective), the water chemistry of the simulated
cooling tower water was mandated to vary between low, average, and high fouling-
potential conditions.

The test parameters described above require nine conditions (three water qualities
at three different velocities) per tube. Thus, nine test runs are required. The

concentrations of different constituents for the three water qualities to be tested have not
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yet been determined, but will come from the conclusions, now being discussed with the

Project Monitoring Subcommittee, of Phase II of the project.

ILE Measuring Fouling in Heat Exchangers

Consider how fouling is measured. Somerscales (1990) presents the history of
fouling research from its first appearance in the literature in 1756 to the “International
Conference on the Fouling of Heat Transfer Equipment” in 1979. He portrays the origins
of the fouling factor as a means of accounting for the fouling resistance in the design of
heat exchangers. In 1941, the Tubular Exchanger Manufacturers Association (TEMA)
first published a table of fouling factors for different fluids in a multitude of applications
(Chenoweth, 1990).

The fouling factor, Ry, is defined as

R,= L L M

where U; and U, are the overall heat transfer coefficients for the clean and fouled
conditions, respectively. Equation (1), the data reduction equation of the experiment of
Phase III, requires two overall heat transfer coefficients to be measured. Therefore, the
apparatus is first run at clean conditions (clean tube, distilled water) to determine the
clean-tube overall heat transfer coefficient. Solutes are then added to the water to induce
fouling and to determine the fouled-tube overall heat transfer coefficient. A key point is
to maintain the same operating conditions (water velocity, chemistry, and heat supplied to

the refrigerant) while a foulant layer is being built up.
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The rate of heat transfer by a heat exchanger is
Q=U,A,XLMTD )
where A; is the inside surface area, U is the overall heat transfer coefficient based on the
inside surface area, and LMTD is the log mean temperature difference. For comparison
purposes, the inside surface area is based on the nominal tube diameter (A; = n*ID*L).
The log mean temperature difference for a double-pipe counterflow heat exchanger with

refrigerant at constant temperature (condensing) and water as the cold fluid is

LMTD _ TW,in - TW,out 3
- Tref - Tw out ( )
ln - 20
Tref - TW,in
From equation (2)
U=t @
A, *LMTD

With the tube geometry and fluid temperatures known, the only missing information for
finding U; is the heat transfer rate, which can be found using an energy balance on the
water flowing through the test tube:
Q=rin, ¢, (T, o -Tyin) )

Thus, the fouling factor can be estimated with the following measurements:

1. Water inlet temperature

2. Water outlet temperature

3. Refrigerant temperature

4. Mass flow rate of the water
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The experimentally-obtained fouling factor may possess an asymptotic behavior
as illustrated in Figure 1. In such case, an exponential regression can be performed to the
following equation:

R, =R;(1-¢™) (6)
where t is the time, Rf is the asymptotic fouling resistance, and B is a constant.
Evaluating the time derivative of equation (6) at t = 0 yields the initial fouling rate

dR .
T BR; (7



CHAPTER II

EXPERIMENTAL APPARATUS DESIGN

ILLA Preliminary Data

Each test will start with new tubes in clean condition. The alternative was to clean
the tubes after each test with steel brushes. This alternative was rejected because there
was no assurance that the cleaning would not affect the fouling rate of the cleaned tube.

Design requirements for the experimental facility include:

1. The apparatus must accommodate nine 10-foot-long tubes in parallel.

2. The design must be versatile so that tubes can be changed easily.

3. The water in the tubes must be able to flow at 2 ft/s, 5 ft/s, and 8 ft/s.

4. There must be an annulus side around each test tube with condensing

refrigerant.

ILLB Detailed Mechanical Design
ILB.1 System Overview

The design of the experimental apparatus started by utilizing the software
AutoCAD 2000 to place the system components on a virtual lab floor. The system
components are: nine test sections with refrigerant loops, water pump, water tank,

draining valves, control panel, and water-cooling heat exchangers. The purpose of the

12
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cooling heat exchangers is to reject the heat added to the test water in the condenser
tubes. Because of space, the refrigerant loops are located underneath each test section.

Figure 4 illustrates a preliminary system schematic drawn to scale. The schematic
shows nine test sections placed in parallel (numbers 1 through 9) between two manifolds.
According to the flow direction, the two manifolds are defined as the inlet and outlet
manifold. Each test section is surrounded by a shell where the refrigerant condenses.
From the mixing tank, the test water goes through the water pump into the cooling heat
exchangers, and then through the inlet manifold, the test sections, the outlet manifold,
and the return line back into the tank.

The idea for the operation of the refrigerant loop is to use buoyancy forces to raise
the refrigerant vapors into the annulus of the test section and to use gravity to drain the
liquid out. Such a design requires no refrigerant pump or compressor. Figure 5 shows a
preliminary schematic of the test section with the refrigerant loop. Refrigerant R-134a is
stored in liquid form in a tank and is then evaporated with electric heaters so that vapors
rise into the annulus. The vapor condenses on the outside of the test tube and flows back
into the tank through a return pipe. The next sections describe each system component in

detail.

II.B.2 Piping
Because the condenser tubes to be tested are made of copper, copper was selected
as the material for all of the piping. The original design water velocity was less than 10

ft/s for each segment of the apparatus. However, this constrain resulted in large tube
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diameters, which meant higher cost and difficulties with soldering and installation. Based
on cost and availability, a 1¥s-inch diameter tube was chosen to be the basis of the design.

The shell side of the test section has to be relatively large to ensure a uniform
vapor distribution around a test tube and to accommodate the temperature and pressure
sensors. For these reasons, a 3-inch diameter tube was selected for the shell. In the same
manner, the inlet and outlet manifolds need to be large enough to be able to host the test
sections. The manifolds were chosen to be 2%-inch in diameter.

A 7s-inch tube was selected to connect the test tube to the manifolds. This
diameter matches the copper fittings that host the flow meter and the thermocouple.
Reducing compression fittings are used to install a ¥-inch test tube in the test section.

The pipes used in the refrigerant loop were chosen to be 7-inch diameter for the
vapor supply line and %-inch diameter for the liquid return line. Using a larger size for
the vapor line promotes the proper circulation of the refrigerant. To further assure vapor
circulation, the vapor line connects to the side of the shell to prevent the condensates to
enter the vapor line. The liquid return line connects to the bottom of the shell to guarantee
proper draining. These connections guarantee a counterflow arrangement. Except for the
3-inch diameter shell, all of the copper tubing selected was type ACR (Air Conditioning

and Refrigeration).

II.B.3 Test Section Shell Design
Since the experimental matrix (described in Section L.D) includes nine tests of
nine tube geometries (a total of 81 tubes to be tested), the design of the test section shell

has to be sufficiently flexible to allow frequent and rapid changing of the test tubes. For
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this reason, the original plan was to use 3-inch ground-joint fittings (unions) on both
sides of the test section shell, as shown in Figure 6. When a test tube would be changed,
one end of the shell would be unsoldered from the tube, and the union at the other end
would be opened. Due to leaks, this design was changed and unions were eliminated. A

more detailed description of the new arrangement is given in Section [V.B.

Figure 6. Shell Union.

II.B.4 Valves
The apparatus has two drain valves. The first one is located upstream of the inlet
manifold, and the second one on the return line. The drain valves are installed to obtain
water samples during the test and to be able to drain the system after a test is performed.
The water-side of the test section contains one valve at the inlet and one at the

outlet of a test tube, which allows for control of the water flow or isolation of a test
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section from the system to change a test tube. The test tube water velocity of 2 ft/s, 5 ft/s,
or 8 ft/s is achieved by manipulating either the pump discharge valve or both of the test
section valves.

The design of each refrigerant loop includes refrigerant ball valves on the vapor
supply and the liquid return lines. Closing these valves isolates the shell from the

refrigerant tank during the replacement of a test tube.

II.B.S Mixing Tank

The test water solution is prepared and monitored in the mixing tank. The size of
the tank has to be greater than the total volume of the system so that a solution can be
prepared in the tank first and then circulated through the system. The volume of the
system was found by adding the volumes of the individual pipe segments. The diameter
of each segment was known and the lengths were estimated from Figure 4. The total
volume of the system was estimated to be 18 gallons.

Diverse Plastic Tanks, Inc recommended a 65-gallon conical bottom tank with a
steel stand. The tank has a conical bottom to prevent possible settlement of particles,
which could affect the fouling potential of the test water. A drawing of the tank is

included in Appendix A.

II.B.6 Water-cooling Heat Exchangers
The purpose of the water-cooling heat exchangers is to remove the heat added to
the test water by the refrigerant condensing in the test sections. The first idea was to

connect the hot test water to a 10-ton condenser that was available from the Two-Phase
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Flow Lab (Patterson 100-E) and to run city water through the condenser’s cold line. The
maximum water flow-rate rating of the 10-ton condenser is 32 gal/min. The maximum
volumetric flow rate of the test water was calculated (see Pressure Drop Calculations in
Appendix B) to be 66 gal/min, which corresponds to a water velocity of 8 ft/s in the test
tubes. A second 10-ton condenser was purchased and connected in parallel to reduce the
water flow rate to an acceptable level of 33 gal/min through each condenser. Both 10-ton
condensers are models S-10-I from Edwards Engineering Corp. Refer to Appendix A for

a specification sheet of the S-10-1.

I1.B.7 Pressure Drop and Pump Selection

The pressure drop and the flow rate determined the size of the water pump needed
for the experiment. Appendix B presents detailed calculations of the pressure drop
through the system. Pressure drop through each test section was calculated by Tubman
(2002) and was based on experimentally-determined friction characteristics equations for
internal helical-rib roughness (Webb, Narayanamurthy, and Thors, 2000). Calculations
were made for all three water velocities. Loss coefficients for the valves were taken at
half-closed condition for more conservative calculations. Pressure drop through the
water-loop heat exchangers was modeled as flow through parallel pipes with the
appropriate loss coefficients for bent tubing and was compared with the manufacturer’s
specifications (see Appendix A). The pressure drop values agreed closely.

The head at the highest test water velocity (8 ft/s in test tubes, 66 gal/min total
volumetric flow rate) was determined to be 218.5 ft. Tencarva Machinery Co. was

contacted to get a quote for a pump that meets the calculated head and flow rate
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specifications. Tencarva suggested using the Goulds Pumps Model 3756 1X2-7. This is a

close-coupled, bronze-fitted pump powered by a 3-phase, 2-pole, 3500-RPM, 10-hp
motor. The manufacturer’s specification sheet and pump curves are included in Appendix

A.

II.B.7.a  Vibration Isolators

Vibration isolators are rubber dampers that are installed under the pump to limit
the noise and vibration of the piping and pump assembly. The design includes four
Karman Rubber type-A cylindrical isolators 1 9/16-inch-diameter and 1-inch high. A

catalog page showing the vibration isolators is included in Appendix A.

I1.B.8 Refrigerant Tanks

The selection of the refrigerant tanks was problematic because none of the ones
available on the market met the project’s requirements. As described in Section II.B.1,
the refrigerant tanks hold R-134a at boiling conditions. Vapors rise into the test section
by means of buoyancy and return in liquid form due to gravity. In order to achieve this
circulation, the tank has to have an outlet at the top and an inlet at the bottom, and electric
ring heaters placed above the inlet.

Suction accumulators were first examined. In a regular air conditioning system,
the suction accumulator has an internal U-tube to help separate vapors from liquid before
the refrigerant is fed to the compressor. Several manufacturers were contacted to see if
the design could be modified by removing the internal U-tube. Refrigeration Research,

Inc., bid a modified steel accumulator rated for a burst pressure of 450 psi. Refrigeration
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Research also agreed to install copper stubs on the steel nipples in order to facilitate the
soldering of the test section copper piping. Appendix A includes a detailed drawing of the

modified suction accumulator (refrigerant tank).

II.LB.9 Rupture Discs

The rupture discs were incorporated into the design for mechanical safety. The
discs are installed in the refrigerant tanks. The function of the rupture discs is to burst in
case the pressure in the tank exceeds 200 psig. Figure 7 is a drawing of a rupture disc.
The discs are made of graphite and are placed between two rubber gaskets and ANSI
steel flanges. The flanges are secured with four bolts tightened to 10 ft*Ib of torque. The
rupture discs were special-ordered from Graphilor Carbone of America. A specification

sheet for the rupture discs is included in Appendix A.

Figure 7. Rupture Disc.

I1.B.10 Refrigerant Heaters
The purpose of the refrigerant heaters was to supply the heat needed to evaporate

the refrigerant. The heaters are sized according to a calculation performed on the water-
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side of the test section (see Calculations of Refrigerant Heat Loads in Appendix B). The
increase of the water temperature across the test section was assumed to be at least 3°F in
order for the data to be relevant. Using the first law of thermodynamics and assuming no
heat losses to the surroundings, 3250 W of power need to be supplied to the refrigerant

tank to increase the temperature of the test water (flowing at 8 ft/s) by 3°F.

II.B.10.a Ring Heaters

The design of the ring heaters has to be such that the heaters can be installed
around a refrigerant tank. Two smaller heaters, instead of one large one, were selected in
order to be able to supply less heat for the tests at lower water velocities. Two 2250-W
ring heaters made by Omegalux were chosen as the best alternative. They are 82-inch
diameter, 2)5-inch thick, and can be powered by a 240- or 480-V AC. A ring heater

specification sheet is provided in Appendix A.

II.B.10.b Tape Heaters

A wrap-around tape heater is installed on each shell-side inlet tube to provide the
energy required to feed superheated refrigerant into the test section. The selected tape
heater is a 1-inch wide, 6-ft long strip connected to a 240-V outlet through a percentage
controller, having a maximum output power of 432 W. The tape heater was also
purchased from Omegalux. A specification sheet of the tape heater is attached in

Appendix A.
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II.B.11 Insulation

Several parts of the apparatus are insulated for safety reasons and in order to limit
losses of heat assuring more accurate temperature readings. Half-inch thick elastomeric
pipe insulation was purchased from Manhattan Supply Co. for the inlet manifold, and the
test section water tubing and shell. Air duct insulation was purchased for the refrigerant

tanks and heaters. Appendix A includes pipe insulation specifications.

II.C Data Acquisition System
II.C.1 Transducers

As described in Section L.E, the following variables have to be measured during
the experiment: test tube water inlet temperature, water outlet temperature, water flow
rate, refrigerant temperature, and refrigerant pressure. The following subsections describe

in more detail each transducer used in the apparatus.

II.C.1.a Thermocouples

Because of its simplicity, the thermocouple was chosen to measure the water and
refrigerant temperatures. Instead of using nine separate thermocouples to measure the
water temperature at the inlet of every test section, one thermocouple measures the
temperature of the water inside the water inlet manifold. The temperature of the water in
the inlet manifold is taken as the water inlet temperature for every test section,
consequently reducing the number of thermocouples needed. From the Omega catalog,
the Type-T thermocouple was determined to be the best-suited type for the experiment. A

Type-T thermocouple with a 3-inch long, Y4-inch NPT pipe plug probe and 30 feet of



24

thermocouple wire was special-ordered from Omega. The thermocouple specification

sheet is provided in Appendix A.

II.C.1.b  Flow Meters

To measure the water flow rates, the FP-5300 paddle wheel flow sensor from
Omega Engineering was chosen. This flow meter has a velocity range of 1 to 20 ft/s and
works on a simple principle. Four permanent magnets, mounted in the rotor blades, spin
past a coil in the sensor body. As the fluid flow causes the rotor to move, a sine-wave
signal is produced, directly proportional in amplitude and frequency to the flow rate. An
FP-5300 flow sensor specification sheet is attached in Appendix A. In addition to the
flow meter, a special copper installation fitting, namely the FP-5307CU, was purchased.

A catalog page with the FP-5307CU fitting can be found in Appendix A.

II.C.1.c  Pressure Transducers

For more accurate pressure readings, an absolute pressure transducer was initially
considered. The highest range available on an absolute pressure transducer was 300 psia.
A higher range was desired so that the pressure sensor could be used in the future for
other projects. Therefore, a 500-psig model with a Y-inch NPT connection was
purchased from Omega Engineering. Appendix A contains a specification sheet for the

PX302-500GV pressure transducer.
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II.C.2 Transducer Calibration

The flow meter was calibrated by placing it in the same assembly as the one used
in the real apparatus and connecting the assembly to a water hose. The flow meter leads
were connected to an oscilloscope. The water coming out of the flow meter assembly was
captured in a tub, which was placed on a balance. The time it took the tub to fill and the
weight of the water in the tub were recorded. At the same time, the frequency of the
output signal was recorded. The resulting calibration curve of the mass flow rate versus
frequency is shown in Appendix B.

The pressure transducer was calibrated with a calibrating device from Amthor
Testing Instrument Co., Inc. This device uses an oil chamber connected to a cylinder with
a l-square-inch piston. The pressure of the oil in the chamber is varied by placing
weights on the piston. The pressure transducer to be calibrated is connected to the
calibrating device to read the pressure of the oil. The calibration of the pressure
transducer was performed by adding weights on the piston in increments of 5 lbs and
recording the output voltage of the transducer to obtain a calibration curve attached in
Appendix B.

The thermocouples were not calibrated since accurate calibration plots for a Type-

T thermocouple are commonly available.

II.C.3 SCXI Modular System
SCXI stands for Signal Conditioning eXtensions for Instrumentation. It is a signal
conditioning system marketed by National Instruments of Austin, Texas. Any SCXI data

acquisition system is composed of the following items:
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1. Chassis. The chassis provides power to the SCXI modules, and
handles all signal routing between the SCXI system and the DAQ card.

2. Modules. Modules connect to the chassis, and condition analog and
digital signals.

3. Terminal Blocks. Terminal blocks connect the I/O signals (e.g.
transducers) to SCXI modules.

4. Cable Assemblies. Cable assemblies connect the SCXI chassis to the
digitizer (DAQ card). For a single-chassis system, only one cable is
needed.

5. Measurement/Control Device. This device acquires conditioned
signals from the SCXI system and controls the SCXI system. This
device is typically a DAQ card.

6. Optional Accessories. These are items such as batteries for portable

applications and rack-mounting kits.

The SCXI system used in Phase III is composed of an SCXI-1000 chassis, an
SCXI-1102C module with an SCXI-1303 terminal block, an SCXI-1100 module with an
SCXI-1303 terminal block, and an SCXI-1163R module with an SCXI-1326 terminal
block. The SCXI-1102C module handles temperature readings, the SCXI-1100 handles
pressure and flow-rate readings, and the SCXI-1163R is a safety switch that turns the
system off in case prescribed conditions occur (see Section II.D). The SCXI chassis is
connected to a DELL Pentium 4 personal computer and is controlled by a National
Instruments DAQCard-AI-16XE-50 data acquisition card. Appendix A includes detailed

information about the SCXI chassis and modules.
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I1.C.4 Data Acquisition Program

The program that controls the SCXI system and records transducer measurements
is written in LabVIEW 6.1 from National Instruments. The purpose of this program is to
determine and display water temperatures and flow rates, refrigerant pressures and
temperatures, overall heat-transfer coefficients and fouling resistances of the test tubes.
Current readings, plots, and user-input information are viewed and modified through a
control panel, shown in Figure 8. The control panel displays numeric values of the
current measurements and graphs past readings. The graphs are helpful in determining
the time behavior of each variable. The following variables must be specified to start the
program: tube dimensions, number of past measurements to display on the plots, clean-
tube overall heat-transfer coefficients, time between consecutive scans, the units system,
and whether or not each tube is connected. Except for the number of past measurements
to display on the plots and the units system, every input variable can be changed while
the program is running.

Every time a reading is taken, 600 measurements are acquired from each
transducer at a rate of 300 scans per second. The measurements are then averaged to give
a single value for a single-time. Since flow meters output an AC signal, the program
counts the number of peaks and valleys for each flow meter, and divides that number by
two to obtain the number of cycles. Then, this number is divided by two seconds (the
time it takes to scan a single flow meter channel) to obtain the signal frequency. The
method in which the frequency of the signal is determined contributes to the uncertainty

of the mass flow rate (see uncertainty analysis calculations in Appendix B).
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The readings are saved to a spreadsheet file every ten minutes. The user can copy
the file while the program is running and look at the data recorded from the beginning of
the test up to the point when the file was copied. These data can be further processed or

plotted within the spreadsheet.

IL.LD Safety
Because of hot tanks containing pressurized refrigerant, several safety precautions
are incorporated in the design. The safeties consist of a relay (controlled by the
LabVIEW program) capable of shutting the whole system down, one rupture disc in each
tank, and a mechanical stop button placed on the electrical control panel. The relay will
turn everything off if one of the following conditions below is encountered:
1. Refrigerant temperature reaches or exceeds 120 °F in any of the test
sections.
2. Refrigerant pressure reaches or exceeds 186 psia in any of the test
sections.
3. Water velocity drops below 0.7 ft/s in any of the connected test tubes.
4. The user-interface stop button is pushed.
These safety limits were thought to be adequate because of the expected refrigerant
operating conditions (a boiling temperature of approximately 100°F). The 186 psia safety
condition is the boiling pressure of R-134a at 120°F. The water velocity constraint is set
to prevent any of the tubes from becoming completely clogged due to excessive fouling
or in case there is a large leak and the pump starts running dry. If a test section is

disconnected from the system while the test is running, a “tube connected?” toggle switch
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is turned off in the control panel so that the LabVIEW program does not apply the water

velocity condition to the unused test section. Nevertheless, the refrigerant and pressure

safety conditions apply even to the disconnected test section. All of the LabVIEW safety

constraints can be modified before each test.



CHAPTER III

EXPERIMENTAL APPARATUS ASSEMBLY

III.A Supporting Structure

The construction of the experimental apparatus began with the assembly of the
supporting structure (shown in Appendix C). The structure was made out of aluminum
beams that could be bolted to each other at any location. Using bolted aluminum beams

made the structure light, flexible, and easy to assemble.

II1.B Apparatus Assembly

The assembly of the piping began by laying out the test sections, the inlet, and
outlet manifolds on the floor next to a measuring tape. This allowed for the piping to be
cut into correct lengths so the pieces would fit together precisely. The pieces were joined
together with high-melting-temperature silver solder. To facilitate the changing of the test
tubes, low-melting-temperature soft solder was used to install the test tube in the annulus.
Appendix C contains several photographs of the apparatus assembly process, including
photographs of the test section construction and an assembled outlet manifold.

Once the test sections and manifolds were assembled, they were placed on the
supporting structure so that the transducers could be installed. The test sections were then

connected to the water manifolds. Next, the inlet and outlet manifolds were connected to

31
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the water supply and return lines, respectively. Subsequently, the entire system was
connected to the refrigerant tanks, the water pump, the mixing tank, and the water-
cooling heat exchangers. Finally, the rupture discs and the ring and tape heaters were
placed on the refrigerant tanks. Appendix C shows photographs of the progressive
assembly of the system (installed test sections, mixing tank and pump, water-loop heat
exchangers, rupture discs, and completed experimental apparatus). The last step was to

insulate the inlet manifold, the test sections, and the refrigerant tanks.

II1.C Power

In order to overcome the electric limitations of the existing electrical wiring, one
480-V, 100-A service was added to the laboratory. This power service feeds all system
components via appropriate transformers and a control panel. The control panel holds all
of the fuses and switches. The switches include a main ON/OFF switch, a pump ON/OFF
switch, a stop button, LabVIEW-controlled safety relays, and an ON/OFF switch for
every band heater (18 total). However, as a safety precaution, the ring heaters cannot be
turned on unless the pump is running. Appendix C contains a photograph of the control

panel.



CHAPTER 1V

SYSTEM QUALIFICATION AND MODIFICATIONS

IV.A Supporting Structure

During the construction of the experimental apparatus, the previously-assembled
supporting structure was under too much stress and was not stable with the center beams
bowing. Aluminum beams were used to reinforce the structure. As shown in Figure 9,
two additional legs were installed in the center of the assembly. Furthermore, as pictured
in Figure 10, extra beams were added in the corners. The reinforcements made the

supporting structure stiffer and stronger.

IV.B Shell Design Modification

After the test sections were assembled, they were charged with pressurized air in
order to find any leaks. To detect leaks, the shells were sprayed with soapy water since
air leaks would create bubbles. Nearly all of the shells leaked around the threaded
ground-joint fittings (shown in Figure 6). Several sealants were applied to try to stop the
leaks but nothing worked. The design had to be modified to reduce or eliminate the large
threaded areas.

The ground-joint fittings were removed and smaller concentric reducers were

installed and sealed with soft solder to make it easier to change the test tubes. Figure 11

33



Figure 10. Corner Supports.
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shows a leaking union, and Figure 12 pictures the new design with a silver-soldered small
concentric reducer. This shell modification solved the leak problem. Figure 13 is a

detailed schematic of the new test section.

Figure 12. Shell Modification.
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IV.C Insulation

Regular duct insulation was installed around the tank and the ring heaters. The
purpose of the insulation around the ring heaters was to prevent heat losses and to protect
personnel from the high voltage heater wiring. When both heaters were turned on, the
insulation started smoking due to excessive temperature. The purchase of high-
temperature insulation was investigated but the price was too high. Thus, the insulation
was removed from the tanks and fiberglass protections were installed around the wiring

of each tank heater (as shown in Figure 14).

Figure 14. Ring Heater Protection.
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IV.D Mixing Tank

When the pump was turned on, the water in the mixing tank was very agitated and
many air bubbles were present. These bubbles could be dangerous if they traveled down
to the pump (cavitation). In order to decrease the turbulence of the water in the mixing
tank, a system of baffles that can be installed and removed from that tank within minutes
was constructed. The baffles were made out of an old PVC pipe. The baftles have not

been tested.

IV.E Data Acquisition System

Once the leaks in the system were fixed, the data acquisition system was tested.
The first problem encountered was the signal noise associated with the flow meters.
Because of their design (refer to Section II.C.1.b), the flow meters had very low input
impedance. This caused a current leak within the module from one flow meter to the next
one in the scanning sequence. An increase in the inter-channel delay, to let the noise die
out before scanning the next flow meter, could not be done. Instead, each flow meter
channel in the SCXI-1100 module was isolated with one empty channel. The empty
channels were set to read zero Volts by placing a jumper wire across their positive and
negative connectors. With this set up in place, only odd channels were read by the data
acquisition program and the noise was eliminated.

Another problem encountered was the memory used by LabVIEW. When left
running, the data acquisition program would stop after 20 hours of operation and list an
“out of memory” error. After many hours of research, some commands in LabVIEW

were found to cause memory leaks. The subroutine that was causing the memory leak
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was the “delete from array” command, which was used to clear the graphs’ history. To
solve the problem, the “delete from array” command was removed and the program was
set to use “charts” instead of “graphs.” Charts clear their history automatically so the

memory leak problem did not occur.

IV.F Water-loop Heat Exchangers

A test run of the apparatus was performed. Each refrigerant tank was charged with
20 Ibs of R134a. One band heater (2250 W) was turned on around each refrigerant tank.
The city water flowing through the cold lines of the two water-cooling heat exchangers
was turned to full flow. The water velocity in the test sections varied between 6 ft/s and 7
ft/s. Once steady-state conditions were obtained, the refrigerant saturation temperature
reached about 105°F, and the average test water inlet temperature was about 98.5°F. The
average water outlet temperature was about 100°F, which means that temperature rise
across each test section was only 1.5°F. To solve this problem, the inlet temperature of
the test water can be lowered by running chilled water in the cold lines of the water-

cooling heat exchangers. This idea is currently being investigated by the research team.

IV.G Uncertainty Analysis

The data obtained from the test run allowed the research team to get an idea of the
uncertainty associated with the measured fouling resistance. Before performing an
uncertainty analysis of the data reduction equation, the uncertainty of the mass flow rate
calibration curve had to be obtained. Whenever dealing with calibration plots, the

uncertainty of the Y-value depends on the position on the X-axis (Coleman and Steele,
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1999). In the case of the mass flow-rate calibration curve, X is the frequency measured
and Y is the mass flow rate obtained from the calibration curve equation. The uncertainty
is the smallest in the middle of the plot and highest at the ends of the plot.

Appendix B presents a detailed Mathcad worksheet used to obtain the uncertainty
of the mass flow rate calibration plot. The uncertainty was calculated for the range of
frequencies obtained in the calibration process. The mass flow-rate uncertainty values
were plotted and a quadratic least squares regression was performed to obtain an equation
for the uncertainty of the mass flow rate.

Once the uncertainty of the mass flow rate was known, the next step was to use it
in the fouling resistance uncertainty propagation equation. The detailed calculations are
shown in the Mathcad worksheet in Appendix B. For the measurements obtained during
the test run, the calculated uncertainty is 48% of the resulting fouling resistance.

The relative uncertainty in the fouling resistance obtained from the test run is
high. At this point of the project, the uncertainty can be reduced by tuning the log mean
temperature difference. The first option is to vary the test sections water inlet
temperature, which can be achieved by manipulating the flow rate through the cold lines
of the water-cooling heat exchangers. The second option is to vary the saturation
temperature of the refrigerant. This alternative can be achieved by switching on both ring
heaters around each refrigerant tank, or by manipulating the percentage controller of the
tape heater. Table 3 shows the influence of the variation of the water inlet temperature on
the relative uncertainty in the fouling resistance. Table 4 shows the influence of the
variation of the refrigerant saturation temperature on the relative uncertainty in the

fouling resistance. Both tables were generated by taking the measurements obtained
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during the test run and varying only the inlet water temperature for Table 3, and only the
refrigerant saturation temperature for Table 4. The values of the remaining variables were
held constant. Both tables show that there is a point of minimum uncertainty in the

fouling factor.

Table 3. Water Inlet Temperature Parametric Study.

Water Inlet Clean Tube Fouled Tube Relative
Temperature Variation LMTD LMTD Uncertainty in R¢
X) X) X) (%)
+0.5 2.553 1.897 58.5
0 2.763 2.099 48.7
-0.5 2.965 2.292 41.8
-1 3.160 2.477 38.0
-1.5 3.349 2.655 36.7
-2 3.533 2.828 36.8
-2.5 3.712 2.996 37.8
-3 3.888 3.161 39.5
-3.5 4.060 3.322 41.4
-4 4.228 3.479 43.6
-4.5 4.394 3.634 45.8
-5 4.557 3.787 48.1

Table 4. Refrigerant Saturation Temperature Parametric Study.

Sa turaﬁgff%gﬁgzra fure Clean Tube Fouled Tube Relgtive'
Variation LMTD LMTD Uncertaolnty n Re

) (K) (K) (%)
-0.5 2.244 1.566 49.9

0 2.763 2.099 48.7
+0.5 3277 2.619 45.9
+1 3,787 3.132 42.3
+1.5 4.294 3.642 38.2
+2 4.800 4.149 34.2
+2.5 5.305 4.654 30.9
+3 5.809 5.159 29.3
+3.5 6.312 5.662 30.9
+4 6.815 6.165 36.7
+4.5 7.317 6.668 46.8
+5 7.819 7.170 61.2




CHAPTER V

RECOMMENDATIONS

Several conclusions can be drawn from the design, assembly, and modifications
of the experimental apparatus. The following is a list of ten recommendations for
building a similar apparatus.

1. Use a large mixing tank.

2. Have the necessary equipment to guarantee adequate cooling of the

test water.

3. Limit the use of threaded surfaces to avoid water or refrigerant leaks.

4. Be conservative in the evaluation of the water pressure drop through

the apparatus.

5. Make sure the supporting structure is sturdy.

6. Check in advance the power capabilities of the laboratory.

7. Be very familiar with LabVIEW, and run the data acquisition program

on a stable computer system.

8. Ensure the safety of the laboratory and its users by implementing

electronic and mechanical safety systems.

9. Perform a general uncertainty analysis prior to the experiment to

identify the variables that contribute the most to the overall uncertainty
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in the fouling factor. Use the results to select optimal transducers and
measurement methods.

10. Avoid using low impedance transducers that output an AC signal.
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CHAPTER VI

FUTURE WORK

VI.A Water Chemistry

Before Phase III of the project can begin, the Project Monitoring Subcommittee
must approve the three chemistry conditions of the test water (low, average, and high
fouling potential). This decision will be based on the results of Phase II (Tubman, 2002)
as well as additional information found in the literature (Li et al., 2001). The test water
preparation procedure has already been devised with the help of the Mississippi State
Chemical Laboratory. Only the constituents and concentrations have to be specified to

start testing.

VI.B Experimental Apparatus

The immediate task is to test the influence of the tank baffles on the formation of
air bubbles in the test water. The next possible undertaking is to install the chilled water
line in the laboratory and to connect it to the cold line of the water-loop heat exchangers.
Finally, if time and money allow, high temperature insulation needs to be installed
around the refrigerant tanks. These tasks and modifications are not necessary to perform

any of the tests.
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45
VI.C Experimental Procedure

An experimental procedure, already devised, will be discussed with the Project
Monitoring Subcommittee. The mixing tank and the apparatus will be filled with distilled
water. The pump will be turned on, and the valves will be adjusted so that the water
velocity in each test tube reaches the desired value. The ring heaters will be turned on
around each tank, and the tape heaters will be adjusted to give the required superheat.
Once steady-state conditions are reached, the clean-condition overall heat-transfer
coefficient will be obtained for each test tube.

On the same day, the employees of the Mississippi State Chemical Laboratory
will add the foulants to the distilled water. Appropriate amounts of the reagents will be
dissolved in five gallons of distilled water for dilution to the desired values in 75 gallons
(approximate volume of the system) upon introduction into the system. Once the spiking
solution is added and the container holding the solution rinsed three times, the system
will be allowed to run several minutes before taking a sample for pH measurement.
Concentrated HCI] will be added until the pH reaches approximately 9 by checking with
pH paper. At that point, a water sample will be taken as a baseline (t = 0) to be used for
comparisons of chemical quality over time. The test water will run continuously during
the addition of the chemicals and the entire course of the experiment. Water samples will
be taken every week to ensure a constant water quality.

Once the tests are performed and the data are available, a least squares fit to the
fouling resistance factors will be performed. The acquired data will also be used in

attempt to obtain a model predicting the fouling resistance in helically-finned tubes. If
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possible, the relationship between long-term fouling data and short-term results will also

be investigated.
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SYSTEM COMPONENTS
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Al.
A2.
A3.
A4.
AS.
A6.
AT.
AS8.
AO9.
Al0.
All.
Al2.
Al3.
Al4.
AlS.
Alé6.
Al7.
Al8.
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Mixing Tank

S-10-I Condenser Specification Sheet

Model 3656 Water Pump Specification Sheets
Model 3656 Water Pump Curves

Cylindrical Vibration Isolator

Modified Suction Accumulator (Refrigerant Tank)
Rupture Disc Data Sheet

Ring Heater Specification Sheet

Tape Heater Specification Sheet

Pipe Insulation Data Sheet

Thermocouple Data Sheet

Flow Meter Specification Sheets

Flow Meter Installation Fitting

Pressure Transducer Specification Sheet
SCXI-1000 Chassis Data Sheet

SCXI-1100 and SCXI-1102C Modules Specification Sheet
SCXI-1100 and SCXI-1102C Modules Schematics
SCXI-1163R Module Specification Sheets
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A2. S-10-I Condenser Specification Sheet

20° Temperature Difference

WATER COOLED CONDENSERS

ARI-450 Group 2

Water Flow Rate - GPM

54

1 2 3 4 5
MODEL BTUH PD BTUH PD BTUH PD BTUH PD BTUH PD BTUH6 PD BTUHB PD ETUH1 OPD BTUH-I 2PD E;AF/’\[;I(
S-1-1 76 03 [(11.4 09145 2.0(18.1 3.3 |20.1 50(219 7.0 6
S-1.5-1 |89 0.4 (140 1.2|17.8 2.6 (22.4 45(25.1 6.7 |27.1 9.4 6
S-2-1 1417 0.4 1179 08 (210 14239 2.1|26.5 3.0 (325 5.1 (36.5 7.7 10
S-2.5-1 16.2 0.5|20.9 1.1 (247 1.8|28.2 2.7|31.5 3.8 (389 6.5 [43.7 9.8 10
S-3-1 20.7 0.4 245 0.7|27.8 1.0|(305 1.5 |359 2.5 |43.3 3.8 (47.7 53| 12
S-3.5-1 23.6 0.5(28.2 0.9(32.2 1.3|357 1.8 (420 3.1 (50.8 4.7 [56.1 6.6 | 12
8 10 12 14 16 20 24 28 32
S-4-1 42.0 1.4|47.2 21(52.3 3.0|60.1 40|64.2 50(72.1 7.6 20
S-5-1 48.8 1.7|553 26|61.4 3.7(70.6 49|75.7 6.3 |85.5 9.5 20
S-6-1 49.0 09556 1.2|(61.0 1.7|66.6 2.1|71.8 2.7|86.6 4.0 |954 5.5 24
S-7-1 56.4 1.1 (645 1.5|71.4 20|77.8 2.6(84.4 3.3|101.6 4.9 |112.2 6.8 24
S-8-1 78.4 1.3(84.0 1.6 |94.4 2.3(104.6 3.1 [120.2 4.1 |128.4 5.2 | 32
S-10-1 90.8 1.6|97.6 1.9(110.6 2.8 (122.8 3.9 (141.6 5.1 |151.4 6.5 | 32
PD = Water pressure drop, Ibs/sq inch.
25° Temperature Difference
Water Flow Rate - GPM
MODEL 1 2 3 4 5 6 8 10 12 [MAX
™ BTUH PD |BTUH PD [BTUH PD |BTUH PD | BTUH PD BTUH PD [BTUH pD  [BTUH PpD  [BTUH PD  [GPM
S-1-1 9.6 0.3 [14.7 09 |185 2.0(22.2 3.3 |258 50 |28.3 7.0 6
S-1.5-1 |11.3 0.4 |17.8 1.2 (228 2.6 |28.7 4.5 |32.2 6.7 355 9.4 6
S-2-1 17.9 0.4 (228 08269 1.4 |30.5 2.1 340 3.0 |41.7 5.1 |46.4 7.7 8
S-2.5-1 206 05|26.6 1.1|31.6 1.8 |36.1 2.7 40.4 3.8 |498 6.5 (558 9.8 8
S-3-1 26.4 04312 0.7 (355 1.0 [39.2 1.5 (46.1 25 (555 3.8 [61.1 53| 12
S-3.5-1 300 05358 09 |41.0 1.3 |455 1.8 (540 3.1 |650 4.7 |720 66 | 12
8 10 12 14 16 20 24 28 32
S-4-1 53.7 1.4|60.5 21(67.0 3.0|77.0 4.0 (825 50 |927 76 20
S-5-1 62.2 1.7|70.6 26|78.4 3.7|90.2 4.9 |96.9 6.3 [109.3 9.5 20
S-6-1 62.4 09(71.0 1.2|78.4 1.7 |854 2.1 |93.2 2.7 111.0 4.0 (122.2 5.5 24
S-7-1 71.0 1.1 (820 1.5(91.0 2.0(99.4 2.6 [108.0 3.3 [130.0 4.9 |144.0 6.8 24
S-8-1 100.2 1.3 [107.4 1.6 |121.0 2.3 (134.0 3.1 |154.0 4.1 |165.0 5.2 | 32
S-10-1 115.4 1.6 (124.4 1.9 |141.2 2.8 |156.8 3.9 [180.4 5.1 |193.8 6.5 32

The charts on this page are for our

Advanced Fin Surface Design (AFSD) condensers




A3. Model 3656 Water Pump Specification Sheets

3656/3756 S-Group Numbering System Far All Units Built

Sisterna de numeracion del Grupo S, modelas 3656/3756, para

After June 1, 1998
todas las unidades fabricadas luego del 1° de junio de 1938

.e various versians of the 3656 and 3756 S-Group are identitied by a product
B, 4o number on the pump label. This number is also the catalog numbar for
the pump. The meaning of each digit in the product code number is shown
below.
Not all combinations of mator, impeller and seal optians are available for every
pump madel. Please check with Goulds on non-cataloged numbers.
Not recommended for operation beyond printed H-Q curve. For critical
application conditions consult factory.

Example Product Gade, Ejempio del cddigo de producto

1 as diferentes versiones de los modelos 3656 y 3756 del Grupo S se
identifican con un nmera de cédigo de producto en Ja etiqueta de la bomba.
Fste nimero es también el nimero de catdlogo de la bomba. A continuacion
sé ilustra el signiticado de cada digilo en e/ cddigo del producto.

No tadas las combinaciones de motor, impulsar y sellos estdn disponibles
para cada modelo. Consulte a Goulds sobre nifmeros que no aparecen en el
catélogo.

No se recomienda la operacion més all4 de la curva impresa de H-Q (carga-
capacidad). Para aplicaciones bajo condiciones criticas, consulte con 1
fébrica.

3 BF 1 H 2 G 0 H
T - High Head Impeller (1%x 2 - 6H Only), /mpulsor de carga alta (1% x 2 - 6H inicamente)
Mechanical Seal and 0-ring, Sello mecdnico y anillo en [}
Seal Code Rotary Siallonary Elastomers Melal Parls Part Numbers
Cadigo gel sello Ratativo Estacienario Elasto Partes metslicas | Nimero da pieza
0 Carbon, Carbong Ceramic, Cerdimica BUNA-N 10K13
1 Carbon, Carbono Ni-Resist EPR Type 10K19
2 Gatbon, Carbona o, Codia | VO V01 | ey iz |12
3 Carbon, Carbono SilCarbide, Carturo desiliclo | Viton, Viidn tipo 316 10K27
4 Sil-Carbide, Carburo de silicip | Sil-Carbide, Carburo déstliclo | Vion, ViRdn 10KB4
9 Packed Box Design with BUNA O-ring, Dissiio con empsque y anillo n 0 BUNA 163
Impelier Option Code, Gddigo de opcidn de impulsor
Impeller Code, 22BF 9BE, 3BF SBF 4BF 6BF
Cadigo del 1x2-7|1x2-8| 1%x2-6 | 1%x2=-6H | 1%x2-8 2%x3-7| 3x4-7
impulsor Dia. Dia. Dia. Dla. Dia. Dia. Dia.
. A 8 8% 54" 5'%c" 8% " The"
—y__( 6% %.) §% % LA 6% &%
C 6 YA 5% % 6% 5%
0 5% 7 4% % 5% 4%
E 5% 6% I£Z 5% 5%
F 5% 6% 7 5 §
G 1Yo 5% 6% 5%
H 4% 5% 6% %
J 4% A%
K 4 4%
L 3%
Driver, Elementv motor j
1=1PH, 0DP =1PH, TEFC 7=3PH XP 0=1PH.XP For rame mounted
2=3PH,ODP (? 3PH.TEFC ~ 8=575V,XP version, substitute
3=575V,0DP =575V, TEFC  9=3 PH, TEFC, PREFF the |Eﬂe'l'5 FRM"
1 PH = Monofésiico, 3 PH = Trifésico in these positions.
L ———— HP Rating, Potencia nominal, HP .
CoHP FoTAHP J=5HP  M=1SHP _Z:’fnf:m‘;grjf”“
D=%HP G=2HP = TV HP N =20HP pastidor,
E=1HP H=3HP é: 10HP reempla'arlas
ver: Herlz/Pole/RPM, Elemento. motar:. Heriz/Polos/RPM lgtras en ssta
- 60 Hz, 2 pole;3500RPM 4 = 50 Hz, 2 pole, 2900 RPM . ubicacibn con
-2 = BOHz 4 pole, 1750RPM 5 = 50Hz, 4 pale, 1450 RPM “FAM".
3 = B0 Hz, 6 pole, 1150 RPM —
L Materlal, Material '
Bronze fitted, Accesorios de bronce Al = All iron, Todo hierro AB = All bronze, Todo bronce

Pump Size, Tamaio de bomba

The 1 x2-8and 1 x2 -7 dre only available in Brorze Fitied.

3=14x2-6(H) 5=1h12—8@:1x2—8 Los tamafios 1x2— 8 y 1 x 2— 7 estn disponibles con
422%x3-7 . 6=3x4-7 22=1%x2-7  aceesorios o bronce dnicaments.

[ GOULDS PUMPS
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3656 S-Graup Materials of Construction
Materiales de construccion - Grupa S, modelo 3756

Back wearing ring on $-Group

(2% x 3~ T)only

Anillo de desgaste posterior en &l
Grupo S (2V x 3 - 7) dnicamente.

AIS| 1045 steel motor shal

“ exlension (typical)

Extension de/ eje del motor de
acera AISI 1045 (llpica)

Té"rn‘No, Description Wiaterials, Maleriales
No. item  Descripeidn All Iron Bronze Fitled All Bronze
Toda hierra | Accesorios d8 bronce | Todo bronce
100 Casing, Carcasa 1001 J
I Impeller, Impulsor SRR no
103 Casing wear ring, 1001
Anillo de desgaste de la carcasa 1618 1618
108 Adapter, Adaptador 1001 1001
184 Seal housing, Cubierta de/ sello [©) Qne piece with adapler, Una pigza con avaptador 1101
126 Shafl sleave, Camisa del gje
104 Impeler key, Chavela dE" imptisor AIS| Type 300 series slainless steel
‘ 198 Impeller bolt, Perna del impulsor Acera inoxidable serig AlS! lipo 300
109 Impeller washer, Arandela del impulsor
70 Hex head cap screw (adapler to case), Tornillo de
cabeza hexagonal (del adapladar a la cubients) Stesl SAE 1200 Grade 5
37 Hex head cap screw (adapler lo motor), Tarnillo a8 Acaro SAF 1200 grsdo 5

cabeza hexagonal (del adaplador al moler)

Mechanical Seal |Part No, : : Metal Parls
by Sarvice Rotary S1ationary Elastomers
sello P "’2’" Servicio Rolativo |  Esteclanario | Elastémeros Poftes
-~ Standard, Estandar| 10K13 | General, General _Cemmic, Cerdmita BUNA | Type
Onliona), Opiivo | 10K13 | Hi-Temp, Al lemp. | Carpon | Ni-Resist EPR o
3 Chem. Duly Carbono 3 ) Vilon inoxidable
Optional, Optativo | 10K25 Suslancias quimicas Ceramic, Cerdmica vitgn tipo 316
408 Pipe plug 4" or %", Tagdn de lubos de s de pulgada 6 % de pulgada Sleel, Acero  Bronzs, Bronce
513 0-ring, Anlllo en 0 BUNA-N, BUNA-N
Material Gode, Cddigo de malerial Ennineering Standard, Norma de ingeniesfa
101 Cast iron ASTM A48 CL20, Hierra fundido ASTM A48 CL20
1101 Sllicon bronze ASTM B384, C87500, Siliciura de brorice ASTM B584, 087500
1618 Bizmulh brass, Latén al bismuto
Packed Box Arrangement, £3ja pransaesiopas
Item No,  Descriplion Materials
No. ftem  Descripeidn Materiales
105 Lantern ring, Ao dé linterna Teflon™
108 Packing, 5 rings; Empaqueladura, 5 &0 Teflon Impregnated, lmpregnado de Teflon
107 Gland, Casquillo AISI 31655 .
126 Shiaft sleeve, Camisa def ¢ 2
2 AlS| Type 300 Series Stainless Steel
353 Gland stud, Perno del casquilio Acero inoxidable serle AIS! lipo 300
’ 355 Gland nut, Tuerca del casquill

105 106 107

Packzd Box Arrangermient
Caja prensaesiopas

) For separate seal housing and adapter

construction, all bronze material only,
See repair parts page.

Para [a construccion separada del
compartimiento el sello y el adapladar,
maleriales de brance Unicamente,
consulte Iz pagina de piezas de 1epues!o
NOTE:

Pumps will be shipped with top-vértical
discharge pasition as standard. For olher
orientations, remove casing bolls — ratate
discharge lo desired position — replace
and tighten bolts [o 25 ft./Ibs. Note thal
discharge may extend below mator
mounting surlace in boltom-horizontal
position; adequale clearance must e
proviced.

NOTA:

Las bornbas salen de 1 brica con la
descarga orientada en posicion vertical
superior de manera eslandar. Fara
modificar la orientacion, retirar los
pernos de la carcasa, hacer girar la
descarga hasta la posicion deseada y
volver a colocar los pernos, ajusiéndolos
a una lorsidn de 25 pies/libras. Se ha de
nolar que [a descarga se pueds extendsr
por debajo de 1a superticie de montaje
del mtor en /a posicién horizonlal
interior; par lo tanto, debe proveerse
suficiente espacio.

@GOULDS PUMPS
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3656 S-Group Dimensions and Weights . Mechanical Seal
Grupo S, modelo 3656 - Peso y dimensiones _ ; Sello mecanico
A8 OISCHARGE cp
MAX. i z—-1 DESCARGA I YW MAX.
[ g |

[
! ( 1]

4 SUCTION "‘T | \
Succion !
|

'1
WN'E o e e
i

. ND\ACXDD i ! I '
@ A1 . — |
' e v H
b—fp——¢ /./.NPT £ — F— N h-aoLes
- A : B 4 ORIFICIOS

Pump Dimensions and Weights (Dimension °L" delermined by Pump and Motor)
Peso y dimensiones de Ia bomba (1s dimension 'L" estd delerminada por fa bomba y &l molor)

b [ WA (ibs.)[__Maiar Frame Size, Bastidar
Pump [ Suctlon | Discharpe | CP 1] ; g —]—-—[—"
i Db ‘' R w X Y z Pesos 140 180 210 250
Bomba |Svcein| Descarga| Max. | Max, i (1loras) T
1x2-7 W ., | 4% | 4] 3 | 4 52 » — —
], 3 A T o Tl I P 7 7 7 7 B W
T%:x2-6 " 23V 3% i 157 [ 3% 34 % 10% — —
T Tx2-8 ! % | 5% | & | | @ [ 5 A% | 54 ) 1% | 1%
2%x3-7 3 20 25% | S 4% " 1% P 3 4 49 10% 10% 1% —
Hx 4-7 Q" 3* 25% | 5% 5% | % | 4% 2% 4% 82 9 104 1% —_—
.‘or Dimensions and Weights (may vary with manufecturer)” NOTE: o
eso y dimensiones del mofor (pueden varlar de acuerdo al labricants) ~ All pumps shipped in vertical
Frame Size JM discharge position, May
Tamaiio dal A AB B D E F G H P |Weight(ibs.) be rotated in 90° increments.
vastidor JM (Max.) (Max.)|Pesas (libras) Tighten casing bolts to
143 2 a 25 fi./Ibs. torque.
15 B | 5% 3 | F o % We | 6% = qoTA:
182 2% 7 Todas las bombas se
———— 8% | 5% | 6% | 4% | I Yo | % | 7%
184 ' ’ 2% * ’ 97 embarcan con 2 descarga en
213 2% 122 posicion vertical. Esta
, 1 1,
= 4 215 el B 8 | Mo M || W 155 posicion puede rofarse en
254TCZ % 1% | 265 incrementas de S°. Ajustar
266TCZ R e 5 5 ¥ Y | 114 320 los pernos de fa carcasa a una
torsién de 25 piss/libras.
Motor Frames and Horsepower
Baslidores del motor y potencia en HP
Motor Frame 3500 RPM 1756 RPM
Baslidor 1 Phase 3 Phas 1 Phase 3 Phase
del molor | 0DP TEFC ODP TEFC oDpP TEFC ODP TEFC
~143 P — %1% | Yl | %1% = %Y ¥y Y31
145 JP - 2 2.3 23 — 1% 142 142
182 JP 3 3 5 Z 3 23 3 3
‘184 0P 5 38 % 5 — — S 5
2137¢Z % — 10 7% 3 - % %
—p [2157Cz 10 — 15 036 — = = =
2541CZ — — 20 ~= — — — —
256TCE — — 25 20,25 — — — —

All dimensions in inches and weights in Ibs. Da nat use for conslruction purposes.
‘m las dimensiones estdn en pulgadas, &l peso en llbras. No utilizar para fings de construccion.

@ GOULDS PUMPS
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AS. Cylindrical Vibration Isolator

Item Details

Product Category: Material Handling = Mounts and %ibration Caontrol = Cylindrical Yibration |solators

Description

Cylindrical Vibration lsalator, Maximurm Load Downward
Compression 126 Pounds, Maximum Load Sideways Shear
20 Pounds, Thread Size 3/8-16 Inch, Dimension A 1 9416
Inches, Dimension B 1 Inch, Dimension C 54 Inch

(Grainger lterm; 3CCOG Ship Qty @ 1

Price (ea) :  §2.67 Sell Oty (Will-Call] : 1
Manufacturer: KARMAN Usually Ships B Taday
RUBBER Catalog 394 Page: 2065 2

Mfy. Model# K37

Select [T Oty I

i ADD TO ORDER

Add [/ to Parsonal List ==

Frice shown may not reflect wour price.Log-r abowe,or click here to register.

NOTES & RESTRICTIONS
See Catalod 394 Page = for application andior safety

informatian.

ALTERNATE PRODUCTS

Description

Cylindrical Vibration lsalator, Maximurm Load Downward
Compression 1685 Pounds, Maximum Load Sideways Shear
95 Pounds, Thread Size 3/8-16 Inch, Dimension

Price (ea): §4.25
Grainger ternd®  3CC03

Lsually
Ships 21 Taday

Select [T Eltg,rl

%l ADD TO ORDER

 Add Eml’munaluﬁt o

£=9
=
- &

&

Dimensions {Inches) A:
1916

Dimensions C (Inches):
Al

Maximum Load Downward
Compression (Pounds):
125

Maximum Load Sideways Shear
(Founds):
20

Thread Size:
3B-16

Dimensions B:
1

59
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A7. Rupture Disc Data Sheet

GRAPHILOR

CARBONE OF AMERICA

SINGLE PIECE DISC INSTRUCTIONS
(SERIES 3)

TYPICAL INSTALLATION

VENT SIDE GASKET
(FURNISHED WITH DISC)

STAINLESS
STEEL TAG

SINGLE PIECE
BURST DISC

bht

j‘ﬂ PRESSURE
SIDE

PRESSURE SIDE GASKET
(FURNISHED BY CUSTOMER)

IMPORTANT NOTES:

1.

All Graphilor® single piece burst discs have a stainless steel label, as shown below, affixed to the
outer circumference.

5
CAP 7 99 x10°sctm-air size | in. | &

O | O ot 2663 TORQUE /) fi-bs | BuRsT 700 pPsic+ 5 % @70°F

FLOW CARBONE of AMERICA CORP. + SALEM, VA 24153 )

Make sure the disc information agrees with the intended application.

Discs are designed to fit within the bolt circle of 150# or 300# ANSI flanges. Make sure disc
is properly centered between flanges during installation.

It is important to install the disc in the correct flow direction. This is noted by an arrow on the
label. .

Flange faces should be paraiéi to each other in order to climinate excessive bolting forces when
installing disc.

The vent side gasket is furnished with the disc because the gasket material and inside diameter
are critical to the burst disc accuracy.

The process (or pressure) side gasket, furnished by customer, must be compatible with the
process fluid and therefore the preferred type is a standard 150# ANSI TFE envelope gasket
with a soft 14" thick filler. Do not us a gasket having a metal insert.

Burst pressure shown on label has been established at ambient temperature. Elevated
temperatures may cause a reduction in the actual burst pressure of the disc.



AS8. Ring Heater Specification Sheet

ONE-PIECE BAND HEATERS
1%"(4cm) & 214" (6cm) Wide DB & DBW Series

+ Rugged, Reliable,
Heavy Duty

» 5"(13cm) to
12}4"(32cm) Barrel
Diameter

+ Barrel Temperatures
up to 900°F

»*Heating barrels of plastic
injection molding machines
and extruders

»Die and die holder heating of
plastic extruders and blow
muolding machines

* Autoclaves

+*Burn-out ovens

P Heated kettles

+*Fluidized beds

*Heat treating pipes

#* Any application requiring heal

112G T

applied to a cylindrical DB Dimensions DBW Dimensions
surface
To Order (Specify Model No.) MOST POPULAR MODELS HIGHLIGHTED!
770 33 5{13) DB-050772 §56|1.56 (.7)
1000 42 5% (14) DE-054102 59|1.75 (.8)
750 27 6 (15) DB-060752 612 (.8
1000 3 8% (17) DB-064102 632 (.9)
1000 a0 718} DB-070102 662 (.5
12580 35 T (19) DB-074122 682 (.9
1200 32 B (20} DB-080122 702 (.8
1600 40 BYE (22} DE-084162 73|25 (11)
1500 35 9 (23) DE-090152 75|25 (1.1}
1700 3B 9k (24) DBE-094172 783 (1.4}
1200 25 10 (25) DE-100182 813 (1.4}
1200 24 108 (27} DB-104122 B4 |3 (1.4)
2100 39 11 (29) DB-114212 9413 (1.4}
1500 25 12% (32) DB-124152 1083 (1.4}
1525 30 6% (17) DBW-064152 86 [3.75 (1.7
1800 31 7E(19) DBW-074182 951375 (1.7}
2000 35 B (200 DBW-080202 100 [3.75 (1.7}
2250 34 8% (22) DBW-084222 104 13.75 (1.7}
2500 35 9 (23) DBW-090252 109 |3.75 {1.7}
2800 36 10 (25) DBW-100282 118 [3.75 (1.7}
2950 36 10% (27) DEW-104292 127 |3.75 {1.7]
3250 36 11% (29) DBEW-114322 132 |4 (1.8)

** Tha fwa 240V sirip healing efements mus! be wired i senias far 450V
NOTE: Wall densilies are based on healed area of contact surface anly.

Ten times the life—only slightly
higher cost. This economical long
life heavy duty band heater has a %
inch thick chrome steel (stainless)
sheath, which offers ten times the life
of a mica band heater at only a
slightly higher cost than mica, and
considerably lower than ceramic
band and aluminum shoe designs.

Flexible one-piece construction
for easy installation and removal.
The unheated section between
heated halves functions as & hinge
and permits repeated opening and
closing for moving heaters from ane
application to another. The heavy
duty spring loaded clamping bolt
pulls the heater tight to the wark and
maintains tightness by
compensating for expansion.

Heavy duty — uses a pair of
formed 240V OMEGALUXEPT
series sirip healers.

Spring loaded - for tight fit with
Inconel-x spring and nickel-plated
clamping bolts and nuts—
maintains tightness.

Uniform high temperature
capability. Highly compacted
refractory insulation assures
efficient heat transfer, therefore
lower resistance wire temperatures.

Power: 240/480\V*

Wattage: 750 to 3250 watts.
Sheath Material: Chrome Steel
Maximum Sheath Temperature:
1200°F
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A9. Tape Heater Specification Sheet

HEATING TAPE WITH PERCENTAGE

CONTROLLER

HTWC Series

+Reliable

+ Integral Percentage
Controller

+ Silicone Rubber
Encapsulated Heating
Tape

+ High Temperature Rating
of 500°F

The tape consists of a flexible

CAUTION AND WARNING!
Fire and slactrical shock may result it
products are used impropedy of
installed or used by non-qualitiad
personnal. Sae inskde back cover lor
addilional warmings.

heating strip 1" wide and of varying
lengths with a permanently
incorporated temperature controller.
Standard tapes are available for
either 120 or 240 volt operation and
develop 72 watts per lineal foot.
These tapes are completely safe
when operated according to
directions, and with reasonable
care, will give long service.

This economical semi-automatically
controlled heating tape has been
developed by OMEGALUX® for use
in smail scale heating applications.

DO NOT FOLD OR ROLL TAPE
WHEN IT IS BEING HEATED.

APPLICATIONS
Heat Tracing for Temperature
maintenance or heat loss.

Plastic Sheet Bending.

SPECIFICATIONS

Power: 120 or 240V,

Wattage: 72 watts/lineal foot.

Heating Element : Fine 3593 stranded
resistance wires insulated with
fiberglass yarn and completely enclosed
in & silicone rubber extrusion.
Controller: Rugged and dapendable
percentage controller. Includes power
cord and 2 prang plug.

To Order (Specify Model Number) MOST POPULAR HIGHLIGHTED!

Watis Volts Size Model Number Price
144 120 1"x2 HTWC101-002 58
288 120 1" x4 HTWC101-004 105
432 120 1" x& HTWC101-006 115
576 120 1" x 8 HTWC101-008 123
720 120 1" %10 | HTWC101-010 132
144 240 1"x2 HTWC102-002 T
288 240 1" x4 HTWC102-004 105
432 240 1"x6 HTWC102-006 115
576 240 1"x 8 HTWC102-008 123
720 240 1" x 10 | HTWC102-010 132
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A12. Flow Meter Specification Sheets

THE FLOW SENSOR THAT MAKES SHORT
WORK OF YOUR I;',.O W MEASUREMENTS

Streamline your flow measurement
operation with the FP-5100 Seres
flow sensor. Using this compact
flow sensor, a matched sensor
installation fittinﬁ. an OMEGA® flow
meter or controller, and ordinary
handtools, you can assemble a
complete flow monitoring or
controlling system in minutes.
Accurate to 0.2 fps, with
rapeatability at 0.1 fps, this
inserion sensor oP-erates on a simple
electromechanical principle, proven in
thousands of liguid fiow apphcahuns
worldwide. It all adds up to precision,
dependability, and convenience—
basic advantages that are guickly
surpassing its in-line competition.

A TIMESAVER YOU
CAN BANK ON

Convert your maintenance hours
into minutes with the FP-5300.
Should a sensor, rotor, or O-rin
need to be replaced, it takes only
seconds. Reduce your system
downtime substantially with a stand-
alone FP-5300 sensor, or simply
add a Wet Tap Assembly and
eliminate downtime completely.
Combined with the FP-5300 during
initial installation, the Wet Tap
allows sensor removal without
system shut-down. Optional local or
remnote capability lets you place
your meter up to 200 feet away

. FP-5100/5300 Paddlewheel

Flow Sensors
5253
Basic Unit
b Sl byinil
accurate, linear output

to £1%

without signal amplification, and you can install the FP-5300 in pipe sizes
ranging from % inch to 38 inches without a lot of additional cost, because
the price of the FP-5300 increases only slightly for larger pipe sizes.

RUGGED CONSTRUCTION FOR LONG WEAR

Available in & choice of chemically resistant, non-contaminating housing
malsenals the FP-5300 stands up to the harshest environments. The glass-
filled E % propylens housing version is lightweight but strong, which makes it
ideal for handling & wide range of iquids, including corrosive fluids in chemical
processing. For processes involving acids and solvents, the PVDF
(polyvinylidene fluoride) housing version is a tough fluorocarbon that is highly
resistant to more severe fluids. {See page F-25 for more information on
OMEGA's all-PVDF flow monitoring systems.)

2

PRETSIREIFAG

0 [184)

0

TEMFERATLEE = [F]




Flow Measurement Simple and Accurate

The sensor works on a simple but precise
electromechanical principle based on measuring the
rate and volume of flow in your pipe. Four permanent
magnets. imbedded in the rotor blades, spin past a coil
in the sensor body. As the fluid flow causes the rotor to
maove, a sine wave signal is produced, directly
proportional to the flowrate. The patented "u::q;en cell”
feature of the rotor ensures a linear, repeatable output,
up ta 23 fps, with accuracy of 0.2 fps. The result is
minimal head loss and no cavitation.

Replacement rotor/paddlewheel FMK-1538-2, $36.
Replacement titanium rotor pin FMK-1546-1, §7.50.
Replacement PVDF rotor and rotor pin:
FMK-51545-1, 546.

Accuracy: 1%Full Scale

SPECIFICATIONS

Accuracy: +1% full scale

Output Signal: 1 V ppifps

Quiput Frequency: & Hz/fps nominal

Flow Rate Range: 1 to 20 fps

Source Impedance: & Kohm

Maximum Pressure:

FP-5300 Series: 180 peig max. @ 20°C (B8"F)

FP-5100 Series: 200 psig max. @ 20°C (68"F)

Minimum Temperature: 0°C {32°F)

Maximum Temperature:

See page F-24 for complete temperature and pressure rating
Pressure Drop: Equal to 2.5 m (&) of straight pipe
Material: Transducer Housing: glass-filled pelypropylens;
O-Rings: Viton®; Shafi: Titanium [PYDF opt.); Rotor: FYDF
Maximum % Solids: 1% of fluid valume, non-abrasive,
nonmagnetic, <100 micron diameter and length Standard
Cable Length: 7.5 m {25')

Max. Viscosity: 1 centipoisa (water);

up to & cp above 5 fps velocity

Quick, Easy Conduit Installation

67

Designed to allow optional conduit installation, the FP-
5300 easily lets you comply with local codes requiring
conduit protection. For instance, pry off the plug on to
of the sensor: underneath, you'll find 2 £ inch (F) NP
thread. Using an optional conduit adaptor fitting kit, you
can connect your conduit (FPSP-51589 conduit adaptor
kit, §27), and an optional instrument back-cover kit will
provide everything you need for quick conduit
connection to a meter or controller. Additionally, you
can adapt to both rigid and flexible liguid-tight conduits,
protecting your system hookup from harsh elements
and mechanical damage.

See Page F-25 and
F-26 for compatible
fittings.

See page F-16 for Flowrates
See pages F-25 and F-26 for Required Fittings

Paddlewheel Flow Sensors MOST POPULAR MODELS HIGHLIGHTED!
 PartNo. | Housing Material | ShattMaterial | Pipesize (i) | e | o mmime

FP-5300 Titanium Wiod 341 (12) &0 {3.50)

FP-5301 Titanium S8 341 (12) 127 {5.00)

FP-5302 Titanium 10 or largar 454 (16) 197 {7.75)

FP-5100 Hastelloy C Yo d 341 (12) 80 (3.50) ¥

FP-5101 PVDF Hastelloy © 508 341 (12) 127 {5.00) 469 | FPM-00208
For al-plaskic unif with PYDF shaff, add suffic AP fo FP-5100 and add $40 to price. Ordering Example: FP-5300, paddiswhee! sensor, plus

FP-5310, 1 inch PVC fitting, 5253 + 162 = $415. 5ee pages F-25 and F-26 for required fittings.

Wet Tap Assembly” (see page F-19)

et Hes W ST T et w
| Assem H"-"E Shaft “g Lengtt |  Wet Tap Max. Operating
 Part No. _Material | Material ' kg |mm{in} |Price | Temperature/Pressure:
FP-3193 Palypro Titanium Yio 4 2.4(5.25) | 288 (11.75) | 5764 100 psig @ 20°C (68"F),
FP-3194 Polypre | Titanium | 5toB | 2.4 (5.25) | 330 (13.00)| soo | G0°C (140°F) @ 25 psig
FP-3195 Palypro Titanium | 10and up | 2.4 (5.25) | 406 (16.00) | 840

*Pipe installation fitting not includsd.



A13. Flow Meter Installation Fitting

SENSOR INSTALLATION FITTINGS

For FP-5300, FP-5100, FP8500, FP-5600 and FP-5200 Series
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Fittings now supplied without plug. Order part number FMK-31536-1 for FP-5200
polypropylene plug. Price = $42. Order FMK-31536-2 for PVDF plug. Price = $76. Series Only
(| HIGHLIGHTED MODELS STOCKED FOR FAST DELIVERY!
Pipe Galvanized Copper/Bronze
Mat'l Iran Carbon Steel p&.rala} Matal Sensor
m Model No. Prica | Model No. Prica | Model No. Price | Modal No. Price
LS NIA = | FP-5305CS $253 | FP-5305CU $211 | FP-5205' 277
W NIA = | FP-5307CS 253 | FP-5307CU 211 | FP-5207" 277
1" FP-5310GI $103 | FP-5310CS 253 | FP-5310CU 211 | FP-8210° 277
FP-5310BR 108
14 FP-5312GI 103 | FP-5312CS 135 | FP-5312CU 108 | FP-5212 277
FP-5312BR 108
14 FP-5 315Gl 103 | FP-5315CS 184 | FP-5315CU 141 | FP-5215 277
FP-5315BR 130
2" FP-5320GI 103 | FP-5320CS 248 | FP-5320CU 168 | FP-5220 277
FP-5320GIS* 130 FP-5320BR 162 | FP-52205" 303
iy FP-5325GI1* 168 FP-5325C5* 130 | FP-5325BR" 313 | FP-5225 277
FP-52255 303
3 FP-5330GI* 168 FP-5330C 5" 130 | FP-5330BR™ 313 | FP-5230 277
FP-52305* 335
4" FP-5340GI1* 168 | FP-5340C5* 130 | FP-5340BR* 313 | FP-5240 277
FP-52405* 335
5 FP-5350GI1* 226 | FP-5350CS* 168 | FP-5350BR™ 431 | FP-5250 277
FP-52505" 368
g" FP-5360GI* 238 | FP-5360CS* 168 | FP-5360BR" 431 | FP-5260 277
FP-52605" 368
a FP-5380GI* 248 FP-5380C5"* 168 | FP-5380BR 431 | FP-5280 277
FP-52805" 380
10" FP-5381GI* 469 | FP-5381CS* 388 | FP-5381BR" 646 | FP-5281 277
FP-52815" 425
12" FP-5382GI* 469 | FP-5382C5* 388 | FP-5382BR" 646 | FP-5282 277
FP-52825* 458
“Models with saddie-fype fitings (piciured in boffom row)
el

S

—~l

Stainless Steel

Galvanized
Steel

NOTE: All 10" and larger fittings focties, Hmge Milhje e Paadol,
limited to 60°C “4“on liquid without suffin - § are weld-on stainfess sheel

saddles, and for Weldolefs and Brazeiofs.

Al copper fiftimgs “~CU™ suiffy for copper and brass tubing have sweat-on end
fiftings; brass J'r?ffngri 2 inches amd smaller are NPT threaded tess; above 2

Al FP-52XX fittings with sulffiy - 8" are galvanized iron doutile strap-on; those

temperature due to PVC Insert. Note: Pleass spacify pipe schedule  other than scheduwls 40 for PVC or iron

Pleaszs contact OMEGA for special ifing requirements not coversd in this chart.



A14. Pressure Transducer Specification Sheet

GENERAL PURPOSE 100 MILLIVOLT
OUTPUT PRESSURE SENSOR
AVAILABLE IN ABSOLUTE AND GAGE MODELS

T
£ R O
T

PX302
SERIES

*180

+ Rugged ALL Stainless
Steel Construction

» Integral Strain Relief for
Cable

+» High Sensitivity 10 mV/V
Output
» NEMA 3 Enclosure

SPECIFICATIONS

Wi
PX302 Series

0-15 to 0-10,000 psi
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Shown with DP41-8 Meter and P5S-4 Snubber
Meter and Snubber Sold Separately.

Excitation: 10 Vde (5 to 15 Vide Limits)
Output: 10mVA 100my=imy @ 10V
Accuracy: 0.25% FS {linearity,
hysterasis, repeatability)

Zero Balance: =2 mV

Span Acuracy: £1%

Long Term Stability: £0.5% FS
Typical Life: 100 million cycles

MOST POPULAR MODELS HIGHLIGHTED

To Order (Specify Model Number)

RANGE MODEL NO. PRICE
GAGE MODELS

COMPATIBELE METERS

Operating Temperature:
0 b 180°F (<18 1o 71 "C)

pcmpen sated Te nmgrgturﬂ: 0t 50 psig PX302-050GY 180 DP41-5, DP2000-51, DP460-5
ii:;’l ;_cf; r';fa: E,”\,;qu —_m. O Lo 100 péig PX302-100GV 180 | DPA41-5, DP2000-52, DPa02-5
Proof Pressure: EUU'YQI. 1&300‘:' PSI max 0 ta 200 pE PX302-200GY 180 OP41 -S, DPEDMBS OP302-5
Input Resistance: 150000} maximum 0 to 300 psig PX302-300GV 180 DP41-5, DP3002-5, DP480-5
Response Time: 1 msac 0 1o 500 psig PX302-500GY 180 DP41-5, DP3002-5, DP480-S
Shock: 50 g @ 11msec O lo 1000 psig | PX302-1KGY 180 | DP41-5 DP2000-52, DP460-5
Vibration: 15,9 10-2000 Hz ; Olo 2000 psig | PX302-2KGV 180 | DPa#1.5, DP2000-53, DP460-S
Wetted Parts: 17-4 PH and 300 Series -

Stainlass Stasl O lo 3000 psig | PX302-3KGV 180 | DP41-S, DPaD02-5, DP460-S
Prassure Port: % NPT male 0 to 5000 psig | PX302-5KGV 180 DP41-5, DP3002-5, DP460-5
Electrical Conn.: 4 cond, 22 AWG, Dto 7500 psig | PX302-7.5KGY | 180 | DP41-5, DP3002-5, DP4E0-S
PVC unshisidad, 3 t pigiall cable Olo 10000 psig| PX302-10KGV | 180 | DP41-S, DP3002-5, DP4E0-5

Weight: 4.6 oz (131) to 1000 psi
6.7 oz {190 g) from 10030 psi

0o 15 psig

PX302-015GY

OP41-5, DP2000-52, DP460-5

ABSOLUTE MODELS

Snubbers protect sensors from fluid 0ta 15 paia PX302-015AV 5180 DP41-S, DP2000-52, DP480-S
splkesfhammers! -
Dimensions: See previous page 01o 50 psia PX302-050AV 180 DP41-5, DP302-51, DP480-5
== ¥ Oloi00psia | PX302-100AV | 180 | DP41-S, DP2000-52, DP460-S
% NPT Pressure Olo200psia | PX302-200AV 180 | DP41-S, DP2000-83, DP460-5
Snubbers s10 0 bo 300 psia PX302-300AY 180 DP41-8, DP302-5, DP460-5

PS-4G = Gas
PS-4E =Lt il
PS-4D = Dense Ly

Comas with complate operalors manual

COrdering Example: PX302-0506V presswe transducer with _'-Sgls.lg full scale rating and
FP5-4E pressure snubber for water and lght ofls, $180 + 10 = $180.

"o
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A15. SCXI-1000 Chassis Data Sheet

SCXI Chassis

SCXI-1000

NI SCXI-1000, NI SCXI-1000DC, NI SCXI-1001

» Shielded enciosures Operating Systems
for SCXI modules * Windows 2000/NT/XP/We/9x
* Lownoise environment * Mac 08
for signal conditioning
* Rugged, compact chassis Recommended Software
* Forced air caoling * | aBVIEVY
» Optional rack mounting » LabWindows/CV]
» MIEDAQ driver software simplifies * Measurement Studio
configuration and measurement * | ookout
* 3 internal analog buses * \iLogger
# Timing circuitry for .
high-speed multiplexing Driver Software*
» AC, DC, or battery-power aptions * NI-DAQ
» NI-SWITCH

Fincluded with DAD device or switch

Overview

Mational Instruments offers rugged, low-noise SCXI chassis to house,
power, and contral your SCXI modules and conditioned signals. The
unique SCXI chassis architecture includes the SCXIbus, which routes
analeg and digital signals and acts as the communication conduit
between modules. Chassis contral circuitry manages this bus,
synchronizing the timing between each module and the DAQ
device. With this architecture, you can scan input channels from
several modules in several chassis at rates up to 333 kS/s for every
DAQ device.

The versatility of SCXI lies in its various chassis options and
expandability. You can choose from & number of different standard
AC or DC power options. You can control the system by connecting
directly to an E Series or basic multifunction DAQ device. You can
even daisy-chain up to eight chassis for contral by a single DAQ
device. Regardless of your canfiguration, pregramming the system
does not change. You use the same funetion calls you use with &
DAQ dewvice by itself. NI-DAC or NESWITCH driver software handles
all low-level programming.

The SCXlbus

The SCXIbus is a guarded analog and digital bus located in the
backplane of the SCXI chassis. Madules inserted into the chassis
connect to this backplane automatically. This bus acts as a conduit for
signal routing, transferring data, programming modules, and passing
tirming sigrials.

Chassis Control Circuitry

Each SCX| chassis includes control
circuitry. This circuitry handles all
signal routing on the SCXIbus. During
high-speed analag input operations, it

INFO CODES
For more information,
or fo order products.
onling visit ml.com/fnfe
and entar:

controls which input signals are s;;‘admﬁt)
connected to the bus and routed back sexi1001
to the DAQ device. It also ensures B

BUY ONLINE!

tight synchronization between the
SCXI medules and the DAQ device.

Expandability
If your initial system requires more SCXI modules than ane chassis
can held, or your system requirements change, simply sdd another
chassis. With the SCX| expandable architecture, you can daisy-
chain up to eight chassis to a single multifunction DAQ device.
Whether you are using a singla-chassis or multichassis system,
you can still acquire data at rates up to 333 kSfs.

Power Options

These SCXI chassis offer & number of standard AC power options.
Simply choose the option for vour country of & country compatible
with your power specifications. If you move your system to anathear
country, you can easily reconfigure the system for any of the other AC
power configurations.
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A16. SCXI-1100 and SCXI-1102C Modules Specification Sheet

SCXI 32-Channel Analog Input Modules

NI SCXI-1100, NI SCXI-1102B/C, NI SCXI-1104/C

SCXI-1104, SCXI-1104C
+ +680 VDC input range 333 k5/s
* Par-channal lowpass filters

* SCXI-1102 is recommended for
thermocouple measurements
{See page 2591

JE—
¢ 32 analog input channals - 2 Hz {3XCI-1104} -

* Pragrammable gain settings - 10kHZ (SCXI-1104C) , -
* Lowpass filtering i

+ NI-DAQ simplifies configuration Pmmm gg&%mﬂeﬂx

and measurements

* Mac O5 9 izee ordering information)

SCXI-1100
* 240 kS/s at full bandwidth, with Eﬁ:;mndnd Software
gain up to 100

¢ | ab\Windows/CVI
* Measurement Studio
for Visual Basic

* 6.6 kS/s maximum10 kHz filter
* 3 5= maximum 4 Hz filter

SCXI-11028, SCXI-1102C * V| Logger
+ Programmatic input ranga from .
100 my to 210V (per channgl) Pgrgignhwam

* Par-channel lowpass filter
- 200 Hz (SCXI-1102B)
- 10 kHz (SCXI-1102C)
See page 21

Signal Compatibility

o | sy o]

SCHi:1100 v = v
SR v - v
SCH102E v - v
SLA-1M < v E
SCO-104C - v =

Tl 7. Muackils Compatiiiity

Overview

The Mational Instruments SCXI-1100, SCXI-1102B/C, and the
NI SCXI-1104/C are a variety of 32channel analeg input modules.
The programmable gain and filter settings are ideal for
conditioning 8 variety of milivolt, volt, and current inputs. Each
module multiplexes the 32 channels into 4 single channel of the
DAQ device, and you can add modules to increase channel count.

Analog Input

SCXI-1100

The SCXI-1102 15 an econcmical solution for millivolt, volt, and
currnet outputs. The SCXI-1100 15 an economical solution far
rmillivalt, volt, and current inputs. All 32 channels are multiplexed
into a single programmable gain instrumentation amplifier (PGIA)
and jumper-selectable lowpass filter. Because esach module
multiplexes the 32 channels into a single channel of the DAQ
device, you can add modules to increase channe!l count. For
thermocouple measurements, the SCXI-1102 offers gain and filter
settings on a per-channel basis and provides better parformance
and higher sampling rates.

2
.

Calibration Certificate Included

SCXI-1102B, SCXI-1102C,
SCXI-1104, SCXI1-1104C

Each analog input channel passes

INFO CODES
For maora information
of 1o order products

through a PGIA and lowpass filter, onling, visit ni.comfinfe

aned antar:
before it is muitiplexed. With this 2
architecture, you program the input ;2;11‘0020};
range of each channel independeantly. sexll 1026
Filter settings are preset, and specific sexi1 104
to sach module {11028 - 200 Hz, 11020 soxil 104
=10kHz, 1104 = 2 Hz, 1104C = 10 kHz). BUY ONLINE!

You can scan channels at full hardware

rate (up to 3 ps per channell at any
gain setting. Each channel includes input protection circuitry for up
to +42 V for the SCXI-1102B/C, and £80 V for the SCXI-1104/C.
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A17. SCXI-1100 and SCXI-1102C Modules Schematics

SCXI 32-Channel Analog Input Modules

||mmm

Front Signal Conneoior

Digirm!
Irfaoe and Contml |~

SCX1mw Comacion

Fram Analeg B £ il

§¥

:

L 4

Raar Signal Connector

Dightal

:_“1'"3' o R — *Gain | Control i
i} =S

Callbretion EEFROM

I SCXIbus Connector |




A18. SCXI-1163R Module Specification Sheets

32-Channel Solid-State Relay

NI SCXI-1163R
+ 37 aplically isolated Operating Systems

solid-state relays « Windows 20000/NT/XPMe/gx
Recommended Software

+ Relays arranged in 8 banks of
431 multiplexers
+ 750 operations/s
+ 200 mA at 240 VDCMyms capacity
+ Fully software programmatle

» LabVIEW
» LabWindows/CV|

» NI Switch Executive

Other Compatible Software

* Visual Basic
« CIC++

Driver Software (included)

= NI.SWITCH

[(Wodule | Funciion | Deseription | Switching Specifcatons
SCX-1163A Iultipleses 8 banks of ZA0VAZ/ VDG
Ax1 53R multiplases

Table T, SCXI-11630 Switch Specibcations

Overview

The Mational Instruments SCXIT163R includes 32 normally open,
or Form A, aptically isolated solid-state relays, arranged into eight
banks of four relays with one comman pole for each bank. You can
use the NI SCXI163R to switch high-voltage loads, up o 240
VACNDC and up ta 200 mah,

Thee SCXI-TIG3R is pragrammed serially over the SCXIbus. You
can therefore easily integrate SCXL1163R modules into existing
SCX| systems without additional DAQ devices or cabling. The
modules can also operate in parallel mode when cabled directly to
a plug-in DIO device,

Applications

You can use an SCXI systern eguipped with the SCXI1163R in a
variety of industrisl and laboratory applications. The SCXI-1183R
sdlely isolates the computer from large common-maode voltages,
ground loops, and voltage spikes Lhat often occur in industrial and
research environments. You can use the solid-state relay channels
Lo switch a wide range of AC and DC voltage and power signals Lo
control field devices.

» Measurement Studio for Visual C+ +

isamip————C

SCXI Relay Control

Every SCX| switch system requires
an external switch controfier. The
switch controller uses the digital
communications bus on the SCXI
chassis Lo control the swiltch circuitry.
The NI PXI-4070 FlexDMM  and
NI 4027 switch controller are common

L 5

examples of SCXI switch controllers,
Refer Lo page 507 for more information
an choosing the correct switch controller.

e

Ordering Information
NI SCXI-1163R

Accessories

SCX1326 terminal block . ... o
PCI- 4027 switch controller .................

PXI- 4027 switch controllsr

INFO CODES
For more Information,
of [0 order products
onling st oicomdifo
and -artar:

scui163r

BUY ONLINE!

i 1 165T2-63R

Includes switch module and MIESWITCH driver software.

............... 17768126
............... 1182771

T18zism

For infarmation on extended warranty and valug added

services, see page 16,

See page 50T for soceasary and coté Inforrmation.

73




74

32-Channel Solid-State Relay

Signal Connection

Field digital signals connect to screw terminals located in the SCXI-
1326 terminal block, which plugs directly into the front of the SCXI
module, or the TBX-1326, a DIN-rail mountable terminal block that
you connect to the SCXI-1163R using the SH48-48-B shielded cable.

Specifications

Typical for 25 “C uniess other wise stated.

Input Characteristics

NUMBEr OF FBIYS ..ovvoveiicon e, 92 OFgaNIzed as § optically isolated
banks of 4 relays each
Relay tYP& ..ocoiaivinniicnms i Notmally open (Form A),

solid-state relays
Maximum switching voltage

BESRG A bon 240NDE
Maximum switching capacity ... 200 mA
Commonmode 1SolatoN........c.u. e, 290 Ve between banks, and bank to
ground

e
. N0 pFat 50V 1 MHz
.. 1A maximurm

On resistarice..
Output eapacitance. .
Leakage current ...
Transfer rate in serial mode’

(1 word = 32 bits) ..o, 750 Wordsfs
Relay set time...... .. 0.6 ms
Relay reset time... . 01 ms
Poweran state ..., .. Relays open
Physical
DIMENSIONS v iiicoiensieienncn: 102 by 203 by 30em
(6.8 by 8.0 by 1.2 in)
Environment
Operating tEMperature ... ... 00 50°C
Storage temperatur