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Chapter 1.Introduction

1.1 Preface

Welcome to the latest version wall mounted ultrasonic flowmeter which is designed to be installed
in a fixed location for long-term flow/heat measurement. Please read this instruction manual
thoroughly before installing and operation.

The wall mounted flowmeter is based on transit-time flow measurement principle. It measures
flow rate of liquid in a closed pipe by using a pair of clamp-on or wetted ultrasonic transducers. In
general, the liquid should be full of pipe, and should contain no or small amount of particles or air
bubbles.

The flowmeter is configured as below:

eTransducer: A pair of ultrasonic transducers clamped on the external surface of a pipe.
eTransmitter: Transmitter is main electronic processor. Transducers and transmitter are
connected by two double shield high frequency cables.

1.2 New Function Added

Comparing with previous generation wall mounted ultrasonic flowmeter, this version has new
functions added as below:

1) MODBUS, M-BUS and FUIJI extending communication protocol by RS485 port

2) 4 thermal energy units optional and applied to the standardization of EU.

3) 1G-8G SD data logger available

4) Simulation Run Status (For details, please refer to chapter. How to use Simulation Run Status)
5) Self-powered 4-20mA output

1.3 Operation Principle

The ultrasonic flowmeter utilizes the well-known transit-time measurement principle, plus our
proprietary signal processing and ultrasonic transceiving technologies.

As shown in Figure 1,a pair of ultrasonic transducers are mounted on the pipe of upstream and
downstream respectively. Each transducers functions as both ultrasonic transmitter and receiver.
The main unit operates by alternately transmitting and receiving a coded burst of sound energy
between the two transducers. The transit-times in the upstream direction as well as in the
downstream direction are measured. The difference of the two transit times is directly and exactly
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related to the velocity of the liquid in the pipe.
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Where

O is the angle between the sound path and the flow direction

M is the number of times the sound traverses the flow

D is the pipe diameter

Tup is the time for the beam travelling from upstream the transducer to the downstream
transducer

Tdown is the time for the beam travelling from the downstream transducer to the upstream
transducer.

AT=Tup-Tdown

The flow rate is then computed by combining the velocity information with pipe parameters and a
scale factor. The scale factor is normally determined by calibration in factory.

Three types of transducers can be used with transmitter, the clamp-on transducer, the insertion
wetted transducer(also called "hot tap’) and the flow-cell inline transducer. All of them don’t block
the flow, thus, do not generate pressure drop.

1.4 Typical Applications

The flowmeter can be applied in a wide range of pipe flow measurements, Applicable liquids
include pure liquids as well as liquid with small quantity of tine particles.
Examples are:
e Water (hot water, chilled water, city water, sea water, waste water, ect.)
eSewage with small particle content
oQil (crude oil, lubricating oil, diesel oil, fuel oil,etc.
eChemicals (alcohol, acids, etc.)
ePlant effluent
eBeverage, liquid food
e Ultra-pure liquids
e Solvents and other liquids
Applications sorted by industry/process
Water and waste water management;
Water and waste water treatment plants;
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Power plants, such as nuclear power plants and hydraulic power plants;
Mining and metallurgy plants;

Petroleum process monitoring and control;
Chemical process monitoring and control;

Pulp and paper process monitoring and control;
Food and beverage processing;

Marine maintenance and operation;

Pipeline leakage detection;

HVAC, hydronic balancing;

Energy supply and production systems;

Flow measurement networking

1.5Packing list

As different request, the items may vary, but the main should be available as below:
eTransmitter lunit
eTransducer 1 set (2ea)
eTransducers cable

1.6 Optional parts

S1 clamp-on transducers for pipe size(1/27-4”)

M1 clamp-on transducers for pipe size(2”-28”)

L1 clamp-on transducers for pipe size(117-240”)

S1H clamp-on high temperature transducers for pipe size(1/2”-4”)

M1 H clamp-on high temperature transducers for pipe size(2”-28")
Insertion Wetted transducers (hop-tap)

Hot-tap installing tools for insertion transducers

Flow-cell transducer

Shielded transducers cable 2x5 meters

Ultrasonic thickness meter (Test pipe wall thickness for improve accuracy)

1.7 Product Identification

Each set of flowmeter has a unique identification number or ESN (electronic serial number)
written into system software that can only be modified with a special tool by the manufacturer. In
case of any hardware failure, please provide this number which is located on menu window M61
when contacting the manufacture.
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1.8 Specifications

TRANSMITTER

Accuracy
Repeatability
Velocity range

Measurement period

keypad
Display
Units

Outputs

Inputs

Data Logger
Recording

Communication
Interface

Other function

+1% of reading, plus £0.006m/s(+0.02{t/s) in velocity

Better than 0.2%

+0.03~£105ft/s(+0.01~+30m/s),bi-directional

0.5S

4 X 4 tactile-feedback membrane keypad

LCD with backlight,2 X 20 letters

English(U.S.) or metric

Analog output:4-20mA or 0-20mA current output. Impedance 0-1KQ.
Accuracy 0.1%

Isolated OCT output: for frequency output (0~9,999Hz), alarm driver, or
totalizer pulse output, ON/OFF control, etc.

Relay output I1A@125VAC or 2A@30VDC. For ON/OFF control, alarm
driver, totalizer output, etc.

Sound alarm

RTD interface (optional): two temperature channels that can
accommodate two PT100 3-wire temperature sensors for thermal energy
measurement.

Analog input: one channel of 4-20mA input. Can be used for
temperature, pressure or liquid level sensor

Optional SD data logger from 1G~8G.

Automatically record the following information:

eThe positive/negative/net flow/heater totalizer data of the last
512days/128monts/10years

eThe power-on time and corresponding flow rate of the last 30 power on
and off events. Allow manual or automatic flow loss compensation.
Isolated RS-485 with power surge protection. Support the MODBUS
protocol.

M-BUS and FUJTI’s extending flowmeter protocol.

Capable of offline compensation for flow totalizer, automatic/manual
selectable.

Self-diagnosis
Enclosure Die-cast aluminum enclosure.
Protection Class:IP65.(NEMA 4X).Weather-resisitant.
Size:9.887X7.56” X 3.15”(251 X 192 X 80mm)
Weight 2.5kgs
Power supply 85-264VAC/8-36VDC
Temperature -10°C~70C
Humidity 85%RH
TRANSDUCER & CABLE
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Clamp-on type

Insertion wetted type

Flow-cell inline type
Protection Class
Transducer
temperature

Transducer cable

LIQUIDS
Liquid Types

Liquid Temperature
Pipe

Pipe size

Pipe material

Straight pipe section

Standard S1 for 1”~4”(DN25-DN100mm)
Standard M1 for 2”~28”(DN50-DN700mm)
Standard L1 for 117~240”(DN300-DN6000mm)
High temperature S1H for 1”~4”(DN25-DN100mm)
High temperature M1H for 2”~28”(DN50-DN700mm)
For 37~240”( DN80-DN6000mm)

For DN15-DN1000mm

Transducers: IP68

Standard clamp-on type: 0°C~70°C

High temperature clamp-on type: 0°C~150C

Insertion wetted type: 0°C~150°C

Flow-cell inline type: 0°C~150°C

Shielded transducers. Standard length 15°(5m).Can be extended to
1640°(500m).Contact the manufacture for longer cable requirement.
Cable should not be laid in parallel with high-voltage power lines,
neither should it be close to strong interference source such as power
transformers.

Virtually all commonly used clean liquids.

Liquids with small quantity of tiny particles may also be applicable.
Particle size should be less than 100um, particle concentration less than
20,000ppm or<2%.

Liquid should contain no or very minor air bubbles.

-40°C~155"C depending on transducer type

DN25-DN6,000mm(0.5~2407)
All metals, most plastics, fiber glass, etc. Allow pipe liner

15D in most cases, 30D if a pump is near upstream, where D is pipe
diameter

Chapter 2.Installing and Measurement

2.1.Unpacking

Please unpacking the shipping box and check the parts and documents against the packing slip. If
there is something missing, the device is damaged or something is abnormal, please contact us
immediately and do not proceed with the installation.
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WARNING!

The flowmeter can be used to measure flow of many liquids. Some of the liquids may be
hazardous. It is important that user comply with local safety codes and regulations in
installing and using electronic devices in the area.

2.2.Installation Considerations

This section provides guidelines for installing the wall mounted transmitter and transducers.

2.2.1 Mounting Transmitter

The main unit electronics are housed in an IP68 (NEXA4X) weather-resistant and dust-tight
enclosure. There, the main unit can be installed indoors and outdoors. Usually, it is mounted in a
meter shed or on a location where one can easily access for meter testing and servicing. See the
following figure for detailed dimensions.
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2.2.2 Installing Transducers

Firstly, you need to select a proper installation site. For this, one usually need to consider the
accessibility of the location, operating space needed for the installation, safety code compliance,
etc. In addition, flow and pipe conditions near the installation site are also very important.

For detailed transducers installation, please refer to transducers installing guide manual

separately.
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2.2.3 Distance from Transmitter to Transducer

In general, the closer the transducer to the transmitter, the better the signals. All major cable
suppliers can supply up to 1640ft (500m) long transducer cable as per specifications.

2.2.4 Transducer Cables

The flowmeter requires twisted shielded cable for the transducers. We recommend to use the cable
supplied by the manufacture. If you want to do the transducer cabling by yourself, please consult
me in advance.

Try not route the transducer cable along with high current AC lines. Avoid strong interference
sources. Make sure the cables and cable connections are protected from weather and corrosive
conditions.

WARNING!

The transducers may have static charges accumulated during transportation. Before
connecting the transducers to the transmitter, please do discharge the transducer in a safe
area by shorting the centre conduction of the transducer cable connectors to the main
shield of the connector.

2.2.5. Input and output cable

Using standard twisted-pair wiring

2.2.6 Power Supply Wiring

The user normally selects the type of power supply when the order is placed. There are two types
of power supply options, 85-264VAC and 24VDC. User must make sure the power supply type of
your flowmeter matches the power source to which the flowmeter will be connected.

WARNING!

Be careful about the power supply type of your flowmeter and the power supply wiring!
Connecting to a wrong type power source or improper connection of line power could
damage the flowmeter. It may also cause hazardous voltage at enclosure, the transducer,
flow cell and associated piping.

Open the transmitter enclosure, on the lower left corner(refer to the figure in Appendix 9.1), you

7
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should see three terminal blocks which pins are labeled as 11,12 and 13.Normally, pin 13 should
be connected to your Earth ground. Make sure your Earth ground is good. Pins 11 and 12 should
be connected to Neutral and Line, respectively.

If 24VDC power source is used, its positive lead and negative lead should be connected to pin 21
and 22.
Please refer to the figure in Appendix 8.1 for more wiring information.

2.3.Power Up

The wall mounted flowmeter doesn’t have power ON/OFF switch. When it is connected to power,
it will start to run automatically.

WARNING!
Before connecting the device to power source, please do a final check to make sure all the
wiring are corrected and all the local safety codes are followed.

After the power is turned on, the flowmeter will run a self-diagnostic program, checking first the
hardware and then the software integrity. If there is any abnormality, corresponding error
messages will be displayed. (Please refer to chapter 7 for more error code explanations.)

After successful internal check, the flowmeter will display menu window 01(short for MO1), or
the menu window which was active at last power off. It will also start the measurements by using
the parameters configured last time by the user or by the initial program.

The flow measurement program always operates in the background of the user interface. This
means that the flow measurement will keep running regardless of any user menu window
browsing or viewing. Only when the user enters new pipe parameters will the flowmeter change
measurement to reflect the new parameters changes.

When the power is turned on or new pipe parameters are entered, the flowmeter will enter into a
self-adjusting mode to adjust the gain of the receiving circuits so that signal strength will be within
a proper range. By this step, the flow meter finds a the best system gain which matches the pipe
material and fluid type. If the self-adapting process is completed successfully, letter "R’ will be
displayed.

When the user adjusts the position of the installed transducers, the flow meter will re-adjust the
signal gain automatically. Figure 2.1 keypad

[

2.4. Keypad operation
The keypad of the flowmeter has 16 keys (Figure 2.1).
Keys [0]~[9] and [.] are number keys.

Key [ ¥ /-] is the going DOWN key when the user wants
to go to the lower menu window. It also works as - key

8
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when entering numbers.

Key[ A /+] is the going UP key when the user wants to

go to the upper menu window. It also works as + key

when entering numbers.

Key [« is the backspace key when the user wants to go

Left or wants to backspace the left character that is located

to the left of the cursor.

Ke is the ENTER key for any input or selections.

Key- is the key for the direct menu window jump over. Whenever the user wants to
proceed to a certain menu window, the user can press this key followed by a 2-digit number.

The ! key is shortened as the ‘M’ key hereafter when referring to

Key-pressing induced beep sound can be enabled/disabled in menu window M77.

2.5.Menu Windows Entering method

The flowmeter user interface comprises about 100 independent menu windows that are numbered
by M00, M01, M02,...,M99, M+0, M+1, etc.

There are two methods to visit a menu window:

(1) Direct jump in. Simply press the - key followed by a 2-digit number. For example, if
user wants to visit menu window M11 for pipe outer diameter, press

the following three keys consecutively,- [1][1]

(2)Press the [ ¥ /-] or [ A/+] key. Each time of the [ A /+] key pressing will lead to the

lower-numbered menu window. For example, if the current window is on M12, the display will go

to window M11 after the [ A /+] key is pressed once.

User doesn’t need to remember all the menu windows. Just remember the most commonly used
window numbers and the approximate window number of some uncommonly used windows
would be sufficient. You can always use [ ¥ /-] or [ A/+] keys to find the right window.

There are three different types of menu windows:

(1) Menu windows for number entering, e.g.,M11 for setting up pipe outer diameter.
(2) Menu windows for option selection, e.g.,M14 for the selection of pipe materials.
(3) Results display windows, e.g., window MO0O for display flow rate, etc.

For number entering windows, the user can directly press the digit key if the user wants to modify
the value. For example, if the current window is on M11, and the user wants to enter 219.2345 as
the pipe outer diameter, then, the following keys should be pressed:[2][1][9][.][2][3][4][5].

For option selection windows, user should first press the key to get into option selection
mode. Then, use [ ¥ /-] or [ A/+] key, or digit key to select the right option. Consequently, press

to make the selection.

Generally, the key must be pressed to get into the option selection mode for
option modifications. If the ’Locked M47 Open’ message is indicated on the bottom line of the

9
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LCD display, it means that modification operation is locked out. In such cases, the user should go
to M48 to have the instrument unlocked before any further modification can be made.

2.6.Quick Guide for parameters setting

In order to get the correct transducer mounting distance(the distance between the front edges of
both transducers), verify and set the following parameters;
(1) Pipe outer diameter (menu M11)
(2) Pipe wall thickness(menu M12)
Or Pipe inner diameter (menu M13)---only either one.
(3) Pipe material (menu M14)
(4) Liner (menu M16)
(5) Fluid type (menu M20)
(6) Transducer type (menu M23)
(7) Transducer mounting method type. (Please refer to transducer installing guide for detailed
method selection) (menu M24)
When the parameters above are properly set, the correct transducer mounting distance is
calculated and displayed in menu M25
(8) Solidifying parameters inputting in menu M26. (For this operation, please refer to window
M?26 on chapter 3. Window Menu Details.)
ATTENTION!
It is strongly recommended to solidifying the parameters while making any small
changes.

2.7. Installing checkup

After the completion of transducer installation, user should check the following item: the receiving
signal strength S, the signal quality Q value, the delta time (travelling time difference between the
upstream and the downstream signals), the estimated liquid sound speed, the transit time ratio R,
and etc. As such, one can be sure that the flow meter is working properly and the results are
reliable and accurate.

2.7.1. Signal Strength

Signal strength S indicates the amplitude of receiving ultrasonic signals by a 3-digit number(000)
means there is no signal detected, and (999) refers to the maximum signal strength that can be
received. Note that sometimes when no confusion will introduced, S value is expressed by two
digits (00-99) for simplicity.

Although the instrument works well when the signal strength ranges from 60 to 90, stronger signal
strength should be pursued, because a stronger signal means a better result. The following methods
are recommended to obtain strong signals:
(1) If the current location is not good enough for a stable and reliable flow reading, or, if the signal
strength is lower than 60, relocate to a more favorable location.
10
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(2) Try to polish the outer surface of the pipe, and apply more couplant to increase the signal
strength.

(3) Tenderly adjust the position of the two transducers, both vertically and horizontally, while
checking the signal strength. Stop at the position where the signal strength reaches to
maximum. Then, check the transducer spacing to make sure it is the same as or very close to
what window M25 shows.

(4) If the installation method is V-method and the pipe is big, use may need to try Z-method in
order to get stronger signal.

2.7.2. Signal Quality

Signal quality is indicated as the Q value in the instrument. A higher Q value would mean a higher
signal to Noise Ratio (SNR), and accordingly a higher degree of accuracy able to be achieved.
Under normal pipe condition, the Q value is in the range of 60-99, the higher the better.

Causes for a lower Q value could be:

(1) Interference from other instruments and devices nearby, such as a power frequency transverter
which could cause strong interference. Try to relocate the flow meter to a new place where the
interference can be reduced.

(2) Bad sonic coupling between the transducers and the pipe. Try to polish the pipe surface again,
clean the surface and apply more couplant, etc.

(3) The selected pipe section is difficult to conduct the measurement. Relocate to a more favorable
pipe line.

2.7.3. Total Transit Time and Delta Time

The total transit time (or traveling time) and the delta time are displayed on menu window M93.
They are the primary data for the instrument to calculate the flow rate. Therefore, the measured
flow rate will vary as the total transit time and delta time vary.

The total transit time should remain stable or vary in a very small range.

The delta time normally varies less than 20%. If the variation exceeds 20% in either positive or
negative direction, there could be certain kinds of problems with the transducer installation. The
user should check the installation for sure.

2.7.4. Transit Time Ratio

Transit-time ratio R is usually used to check whether the transducer installation is good and
whether the entered pipe parameters are in consistency with their actual values. If the pipe
parameters are correct and the transducers are installed properly, the transit time ratio should be in
the range of 100+3%.Particalarly, when the flow is stand-still, the ratio should be very close to
100%. If this range is exceeded, the user should check:

1) If the entered pipe parameters are correct?

11
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2) If the actual spacing of transducers is the same as or close to what shown on menu M25?

3) If the transducer are installed properly in the right direction?

4) If the mounting location is good, if the pipe has changed shape, or if the pipe is too old (i.e.,
too much corrosion or deposition inside the pipe)?

5) If'there is any interference source inside of the pipe?

6) If there are other aspects which do not meet the measurement requirements as recommended
earlier.

3. Menu Window Details

3.1 Menu Windows Arrangement

MO00~M09 windows for the display of the flow rate, velocity, date time, totalizers, battery voltage
and estimated working hours for the battery.

M10~M29 windows for entering the pipe parameter.

M30~M38 windows for flow rate unit selections and totalizer unit selections.

M40~M49 windows for response time, zeroing, calibration and modification password setup.

M50~M53 windows for the built-in logger

M60-M78 windows for time-keeper initialization, version and ESN information viewing and
alarms.

MS82 window for viewing date totalizer.

M90~M94 are diagnostic windows for a more accurate measurement.

M97~M99 are not windows but commands for the outputting of display copying and pipe
parameter setups.

M+0~M+9 are windows for some additional functions, including a scientific calculator, viewer on
records such as total working hours, turn-on and turn-off times, dates and times when
the flow meter has been turned on or turned off.

User doesn’t need to remember all the menu windows. Just remember the most commonly used
window numbers and the approximate window number of some uncommonly used windows
would be sufficient.

3.2 Menu Window Details

The major reason that menu windows are still arranged in this way is because software
programmer hopes that it can be similar to the previous versions. This can make it easier for the
former version users to operate the latest version conveniently.

It is recommended to practice those menu windows on the flowmeter while you are first to use it.

12
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Menu
window Function
No.
Display flow rate and NET totalizer
MO0 If the net totalizer is turned off, the net totalizer value shown on the screen is the value
prior to its turn off
Select all totalizer unit in menu M31
MO1 Display flow rate, velocity
Display date time and POS(positive) totalizer
Mo02 If the positive totalizer is turned off, the positive totalizer value shown on the screen is the
value prior to its turn off
Display flow rate and NEG(negative) totalizer
MO3 If the negative totalizer is turned off, the negative totalizer value shown on the screen is the
value prior to its turn off
Mo04 Display date and time, flow rate. The date and time setting method is found in MENU60
MO5 Display energy rate(instantaneous Caloric)and total energy (Caloric)
MO06 Display temperatures, inlet T1, outlet T2
MO7 Display analog inputs, AI3/Al4, current value and its corresponding temperature or
pressure or liquid level value
Display all the detailed error codes
MO8 Display working condition and system error codes. ‘R’ stands for normal; others refer to
Chapter 5 for details.
M09 Display today’s total NET flow
Window for entering the outer perimeter of the pipe
MI10 If pipe outer diameter is known, skip this menu and go to Menu 11to enter the outer
diameter
MI1 Window for entering the outer diameter of the pipe. Valid range: 0 to 18000mm.
Note: you just need to enter either the outer diameter in M11 or the peripheral in M10
M2 Window for entering pipe wall thickness
You may skip the menu and enter inner diameter in M 13 instead.
Window for entering the inner diameter of the pipe
MI3 If pipe outer diameter and wall thickness are enter correctly, the inner diameter will be
calculated automatically, thus no need to change anything in the window
Window for selecting pipe material
Standard pipe materials (no need to enter material sound speed ) include:
MI14 (0) carbon steel (1) stainless steel (2) castiron  (3) ductile iron  (4) copper
(5) PVC (6) aluminum (7) asbestos  (8) fiberglass
(9) other( need to enter material sound speed in M15)
MI15 Window for entering the pipe material speed, only for non-standard pipe materials
M16 Window for selecting the liner material, select none for pipes without any liner.

Standard liner materials(no need to enter the liner sound speed) include:

13
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(1) Tar Epoxy (2) Rubber (3) Mortar  (4) Polypropylene (5) Polystryol
(6)Polystyrene (7) Polyester (8) Polyethylene (9) Ebonite (10) Teflon

(11) Other (need to enter liner sound speed in M17)

M17

Window for entering the non-standard liner material speed.

M18

Window for entering the liner thickness, if there is a liner

M19

Window for entering the ABS thickness of the inside wall of the pipe

M20

Window for selecting fluid type

For standard liquids(no need to enter fluid sound speed) include:
(0) Water (1) Sea Water (2) Kerosene

(3) Gasoline (4) Fuel oil (5) Crude Oil

(6) Propane at -45C  (7) Butane at 0C

(8)Other liquids(need to enter sound speed in M21 and viscosity in M22)  (9) Diesel Oil
(10)Caster Oil (11)Peanut Oil  (12) #90 Gasoline (13) #93 Gasoline (14)
Alcohol (15) Hot water at 125C

M21

Window for entering the sound speed of non- standard liquid, used only when option item
8 ‘Other’ is selected in M20

M22

Window for entering the viscosity of the non-standard liquids, used only when option item
8 ‘Other’ is selected in M20

M23

Window for selecting transducer type, the type can be used as below:
3. User Type
5. Insertion Type B(45) (Insertion transducer uses this option )
10. Standard-S1 (small size also uses this option)
11. Standard-M1  (medium size also uses this option)
12. Standard-LL1  (large size transducer)
13. PI-Type

If the user-type-transducer is selected, you need enter additional 4 user-type-wedge
parameters that describe the user transducers.

If the PI-type transducer is selected, you need enter additional 4 PI-type transducer
parameters that describe the PI-type transducers

M24

Window for selecting the transducer mounting methods
Four methods can be selected:
(0) V-method (1) Z-method  (2) N-method (3) W-method

M25

Display the transducer mounting spacing or distance

M26

(1) A switch for the parameters in flash memory will be loaded when power is turned on.
The default option is that the parameters will be loaded. If this switch is not turned on,
the system will try to use the parameters in the system RAM, if these parameters are
ok, otherwise the system will load the parameters in flash memory

(2) Function to store the current parameters into the flash memory, so that these parameters
will be solidified and will be loaded as the default parameters every time when power
is turned on.

All setup parameters data are stored in the RAM memory temporally. Users need to
solidify the parameters, when setup are been finished, that is to store the parameter to the
internal flash memory. Go to Menu 26, select the option that says ‘make default paras’
then pressing the ENT key will start the progress of storing. If the current parameters are

14
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different with that in the flash memory, the system will store your current parameters into
the flash memory and then boot again. By doing so, the parameters will always get lost,
even when both the power supply and the backup battery are removed.

M27

Entry to store to or restore from the internal Flash memory, as many as 9 different pipe
parameter configurations

To save or load the current setup parameter, use the going up or going down keys to
change the address number, press ‘ENT’ key, and use going down or going up keys to
select to save to or load from the memory.

M28

Entry to determine whether or not to hold (or to keep) the last good value when poor signal
condition occurs. YES is the default setup.

M29

Entry to setup empty signal threshold. When the signal is less than this threshold, the pipe
is regarded as empty pipe, and the flow meter will not totalize flow.

This is based on the fact that, for most occasions, when pipe is empty, the transducer
would still receive signal, just smaller than normal, As a result, The flow meter would
show normal operation, which is not correct.

Make sure that the entered value must be less than the normal signal strength.

When much noisy signals are received, to make sure the flow meter will not incorrectly
totalize flow, there is also a ‘Q’ threshold should be entered in M.5

M30

Window for selecting unit system. The conversion English to Metric or vice versa will not
affect the unit for totalizers.

M31

Window for selecting flow rate unit system.
Flow rate can be in

. Cubic meter short for  (m?)

. Liter Q)
.USA gallon (gal)
. Imperial Gallon (igh

. Million USA gallon (mgl)
. Cubic feet (cf)

. USA liquid barrel (bal)
. Oil barrel (ob)

The flow unit in terms of time can be per day, per hour, per minute or per second. So there
are 32 different flow rate units in total for selection.

N N L AW N~ O

M32

Window for selecting the totalizers unit. Available units are the same as those in M31

M33

Window for setting the totalizer multiplying factor
The multiplying factor ranges from 0.001 to 10000. Factory default is 1

M34

Turn on or turn off the NET totalizer

M35

Turn on or turn off the POS (positive) totalizer

M36

Turn on or turn off the NEG(negative) totalizer

M37

(1) Totalizer reset

(2) Restore the factory default settings parameters. Press the dot key followed by the
backspace key. Attention, It is recommended to make note on the parameters before doing
the restoration

M38

Manual totalizer used for easier calibration. Press a key to start and press a key to stop the
manual totalizer.

M39

Interface Language selection.
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The selection could also be changed automatically by the system, if English LCD display
is used as the display device.

M40

Flow rate damper for a stable value. The damping parameter ranges form 0 to 999 seconds.
0 means there is no damping. Factory default is 10 seconds

M41

Low flow rate (or zero flow rate) cut-off to avoid invalid accumulation.

M42

Zero calibration/Zero point setup. Make sure the liquid in the pipe is not running while
doing the setup.

M43

Clear the zero point value, and restore the solidified zero point value.

M44

Set up a flow bias. Generally this value should be 0.

M45

Flow rate scale factor. The default value is ‘1°.
Keep this value as ‘1°, when no calibration has been made.

M46

Networks address identification number. Any integer can be entered except 13(0DH,
carriage return), 10 (OAH, line feeding), 42 (2AH), 38, 65535.

Every set of the instrument in a network environment should have a unique IDN. Please
refer to the chapter for communication.

M47

System locker to avoid modification of the system parameters.

If password is forgotten, you could send a command ‘LOCKO’ to the serial input to unlock.
Or you can write 0 to REGISTER49-50 under MODBUS protocol.

M48

Entry to linearity correcting data inputs. By using of this function, the non-linearity of flow
meter will be corrected. Correcting data shall be obtained by careful calibration.

M49

Displays the input contents for the serial port.
By checking the displays, you can know if the communication is ok.

M50

Switches for the built-in data logger. There are as many as 22 different items can be
chosen. To turn this function, select ‘“YES’ the system will ask for selecting the items.
There are 22 items available. Turn on all those items you want to output

M5l

Window to setup the time of scheduled output function (data logger, or Thermo-printer).
This includes start time, time interval and how many times of output. When a number great
than 8000 entered for the times of output, It means the output will be keeping always. The
minimum time interval is 1 second and the maximum is 24 hours.

M52

Data logging direction control.

(1) If “‘Send to RS485’ is selected, all the data produced by the data logger will be
transmitted out through the RS-232/RS485 interface

(2) If ‘To the internal serial BUS is selected, the data will be transmitted to the internal
serial bus which allows a thermal printer, or a 4-20mA analog output module, to be
connected to it.

M353

Display analog inputs, AIS, current value and its corresponding temperature or pressure or
liquid level value.

M54

Pulse width setup for the OCT (OCT1) output. The width range is 6--1000 mS

MS55

Select analog output (4-20mA current loop, or CL) mode. Available options:
(0) 4-20mA output mode (setup the output range from 4-20mA)

(1) 0-20mA output mode (setup the output range from 4-20mA, This mode can only be
used with Version-15 flow meter)

(2) Serial port controls 0-20mA

(3) 4-20mA corresponding fluid sound speed

(4) 20-4-20mA mode

(5) 0-4-20mA mode (can only be used with Version-15 flow meter)
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(6)20-0-20mA mode(can only be used with Version-15 flow meter)
(7) 4-20mA corresponding flow velocity
(8)4-20mA corresponding heat flow rate

4mA or OmA output value,

M56 Set the value which corresponds to 4mA or OmA output current (4mA or OmA is
determined by the setting in M55)
M57 20mA output value,
Set the value which corresponds to 20mA output current
M58 Current loop verification
Check if the current loop is calibrated correctly.
M59 Display the present output current of current loop circuit.
Setup system date and time. Press ENT for modification. Use the dot key to skip the digits
M60 X .
that need no modification.
Display Version information and Electronic Serial Number (ESN) that is unique for each
M61 flow meter.
The users may employ the ESN for instrumentation management
RS-232/RS485 setup. All the devices connected with flow meter should have matched
M62 serial configuration.
The following parameters can be configured: Baud rate (300 to 19200 bps), parity, data
bits (always is 8), stop bits (1).
Select communication protocol.
M63 Factory default is ‘MODBUS ASCIL. this is a mode for MODBUS-ASCII, Meter-BUS,
Fuji Extended Ultrasonic flowmeter Protocol
If you are going using MODBUS-RTU you should select ‘MODBUS RTU’.
Al3 value range.
Meo4 Used to enter temperature/pressure values that are corresponding to 4mA and 20mA input
current. The display values have no unit, so that they can present any physical parameter.
Al4 value range.
M65 Used to enter temperature/pressure values that are corresponding to 4mA and 20mA input
current.
AlS value range.
M66 Used to enter temperature/pressure values that are corresponding to 4mA and 20mA input
current.
Windows to setup the frequency range (lower and upper limit) for the frequency output
function. Valid range is 0Hz-9999Hz. Factory default value is 0-1000 Hz.
M67 Please remember to order the module if you need frequency output function.
For Version-15 flow meter, you need to indicate on your orders that you need the
frequency function; Otherwise you will get a flow meter which has no frequency output
circuits.
Window to setup the minimum flow rate value which corresponds to the lower frequency
M68 Al
limit of the frequency output.
Windows to setup the maximum flow Rate value that corresponds to the upper frequency
M69 -
limit of the frequency output.
LCD display backlight control. The entered value indicates how many seconds the
M70 backlight will be on with every key pressing. If the enter value is great than 50000

seconds, It means that the backlight will always keeping on.
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M71 LCD contrast control. The LCD will become darker or brighter when a value is entered.
M72 Working timer. It can be cleared by pressing ENT key, and then select YES.
MT3 Window to setup the lower limit of flow rate for Alarm#1.
When the flow rate is below the set value, Alarm#1 equals ‘on’
Window to setup the upper limit of flow rate for Alarm#1.
When the flow rate is above the set value, Alarm#1 equals ‘on’
M74 There are two alarms in the flow meter, and every alarm can be pointed to alarm output
devices such as the BUZZER or OCT output or RELAY output. For example, if you want
the Alarm#1 is to output by the OCT circuit, you need to set M78 at selection item 6.
M75 Window to setup the lower limit of flow rate for Alarm#2.
M76 Window to setup the upper limit of flow rate for Alarm#2.
Buzzer setup.
If a proper input source is selected, the buzzer will beep when the trigger event occurs. The
available trigger sources are:
0. No Signal 1. Poor Signal
2. Not Ready (No*R) 3. Reverse Flow 4. AO Over 100%
5. FO Over 120% 6. Alarm #1 7. Reverse Alarm #2
M77 8. Batch Control 9. POS Int Pulse 10.NEG Int Pulse
11.NET Int Pulse 12.Energy POS Pulse  13.Energy NEG Pulse
14.Energy NET Pulse  15.MediaVel=>Thresh 16.MediaVelo<Thresh
17.0N/OFF viaRS232  18.Daily Timer (M51) 19.Timed alarm #1
20. Timed alarm #2 21.Batch Totalizer Full 22. M51 Timer
23. Batch Totalizer 90% 24. Key Stroking ON 25.Disable BEEPER
The default: 24 Key Stroking ON
OCT (Open Collect Transistor Output)/OCT1 setup
By selecting a proper input source, the OCT circuit will close when the trigger event
occurs. The available trigger sources are:
0. No Signal 1. Poor Signal 2. Not Ready(No*R)
3. Reverse Flow 4. AO Over 100% 5. FO Over 120%
6. Alarm #1 7. Reverse Alarm #2 8. Batch Control
9. POS Int Pulse 10.NEG Int Pulse
11.NET Int Pulse 12.Energy POS Pulse 13.Energy NEG Pulse
M78 14.Energy NET Pulse 15.MediaVel=>Thresh 16.MediaVelo<Thresh
17.0N/OFF viaRS232 18. Daily Timer (M51) 19.Timed alarm #1
20. Timed alarm #2 21.Batch Totalizer Full 22. Periodically M51 Timer
23.Batch Totalizer 90% 24. FO Output 25. Oct Not Using
The OCT circuit does not source voltage at its output. It must be connected with an
external power and pull-up resistant for some occasions.
When the OCT circuit is close, it will draw current. The maximum current shall not be
over 100mA.
Attention: the maximum voltage applied to OCT can not be over 80 volts.
MT9 Relay or OCT2 setup

By selecting a proper input source, the RELAY will close when the trigger event occurs
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The available trigger sources are:

0. No Signal 1. Poor Signal

2. Not Ready(No*R) 3. Reverse Flow 4. AO Over 100%

5. FO Over 120% 6. Alarm #1 7. Reverse Alarm #2
8. Batch Control 9. POS Int Pulse 10.NEG Int Pulse

11.NET Int Pulse 12.Energy POS Pulse 13.Energy NEG Pulse
14.Energy NET Pulse 15.MediaVel=>Thresh 16.MediaVelo<Thresh
17.0N/OFF viaRS232 18. Timer (M51 Daily) 19.Timed alarm #1

20. Timed alarm #2 21.Batch Totalizer Full

22. Periodically M51 Timer 23. Batch Totalizer 90%  24.Disable Relay

The RELAY is of SPST(Single pole, single throw) type. It is rated for 110VAC max and
have a current rating of 0.5A resistive load.

It highly recommended that a salve relay to be utilized whenever a large resistive load or
inductive load is to be controlled.

Note. In order to make the user interface compatible with the former version7, the name
RELAY was used other than OCT?2, but in fact it is an OCT output.

Window for selecting the trig signal for the built-in batch controller. Available trig
sources:

0. Key input (press ENT key to start the batch controller)

1. Serial port

2. AI3 rising edge (when AI3 receives 2mA or more current)

3. AI3 falling edge (when AI3 stop receiving 2mA or more current)
4. Al4 rising edge (when AI3 receives 2mA or more current)

5. Al4 falling edge (when AI3 stop receiving 2mA or more current)
6. A5 rising edge (when AI3 receives 2mA or more current)

7. AIS falling edge (when AI3 stop receiving 2mA or more current)
8. Timer periodically  (define the start time and interval time in M51)

9.Timer daily (define the start time and interval time in M51)
Mg0 For the input analog current signal, 0 mA indicates “0”, 4mA or more indicates ‘1°.
By selecting item #8, the batch totalizer can be started periodically by the internal timer
located at Menu51. When the batch totalizer is full, a signal which indicate the batch is full
can be direct to either the OCT or the RELAY terminals to stop the pump or other devices.
By selecting item #9, the batch totalizer could act as totalizer witch runs for only a period
of the day so that a alarm signal could be produced if the total flow during that time period
is over a certain amount of. For example, if you want a alarm signal which stand for the
total flow is over 100 cubic meters during the period of every day from 20:00 to 06:00,
setups is like
MS51 start time =20:00:00
M51 interval  =10:00:00
M51 log times =9999 (means always)
MB&O0 select item #9
MS1 input 100 (Unit is defined in M30,M31,M32)
The built-in batch controller
MS1 Set the flow batch value(dose)

The internal output of the batch controller can be directed either to the OCT or the RELAY
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output circuits.
M&81 and M80 should be used together to configure the batch controller.

Note: Because the measuring period is 500mS, the flow for every dos should be keeping at
60 seconds long to get a 1% dose accuracy.

View the daily, monthly and yearly flow totalizer and thermal energy totalizer value.

M82 The totalizer values and errors for the last 64 days, 32 last 32 months and last 2 years are
stored in the RAM memory, To view them, use the ‘ENT” and ‘UP’ ‘Down’ keys.
Automatic Amending Function for automatic offline compensation.

Select “YES’ to enable this function, select ‘NO’ to disable it.
When the function is enabled, The flow meter will estimate the average flow uncounted (or

M83 ‘lost”) during the offline session and add the result to the totalizer.

The estimation of the uncounted flow is made by computing the product of the offline time
period and the average flow rate, which is the average of the flow rate before going offline
and the one after going on line.

M84 Set the thermal energy unit:
0.GJ 1. KC 2.KWh 3.BTU
Select temperature sources

M85 0. from T1,T2 (factory default)

1. from AI3,Al4
Select the Specific Heat Value.
Factory default is ‘GB’. Under this setting, the flow meter will calculate the enthalpy of

M86 water based on the international standard.

If the fluid is other than water, you should select option ‘1. Fixed Specific Heat’, and enter
the specific heat value of the fluid.

M87 Turn on or turn off the Energy totalizer.

M8 Select thermal energy totalizer multiplying factor.

Factory default is ‘1°.
MS9 1. Display the temperature difference
2. Window for entering the lowest temperature difference.
Heat meter is on
1. Inlet
MS.
2. Outlet
Select the heat meter installation place.
Display signal strengths S (one for upstream and one for downstream), and signal quality
Q value.

M90 Signal strength is presented by 00.0 to 99.9, the bigger the value, the bigger the signal
strength will be, and more reliable readings will be made.

Q value is presented by 00 to 99, the bigger the better. It should at least be great than 50
for normal operations.
Displays the Time Ratio between the Measured Total Transit Time and the Calculated

MO1 time. If the pipe parameters are entered correctly and the transducers are properly installed,
the ratio value should be in the range of 100+3%. Otherwise the entered parameters and the
transducer installation should be checked.

Displays the estimated fluid sound velocity. If this value has an obvious difference with the

M92 actual fluid sound speed, pipe parameters entered and the transducer installation should be

checked again.
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M93

Displays total transit time and delta time(transit time difference)

M94

Displays the Reynolds number and the pipe factor used by the flow rate measurement
program. Pipe factor is calculated based on the ratio of the line-average velocity and the
cross-section average velocity.

MO95

(1) Display the positive and negative energy totalizers

(2) Upon entering this window, the circular display function will be started automatically.
The following windows will be displayed one by one, each window will stay for 8
seconds: M95>>M00>>M01>>M02>>M02>>
M03>>M04>>M05>>M06>>M07>>M08>>M90>>M9 [ >>M92>> M93>> M94>>M095.
This function allows the user to visit all the important information without any manual
action.

To stop this function, simply press a key. Or switch to a window other than M95.

M96

This is not a window but a command for the thermal printer to advance 5 lines of paper.

M97

This is not a window but a command to print the pipe parameters.

By default, the produced data will be directed to the internal serial bus (thermal printer).
You can also direct those data to the serial communication port.

M98

This is not a window but a command to print the diagnostic information.

By default, the produced data will be directed to the internal serial bus (thermal printer).
You can also direct those data to the serial communication port.

M99

This is not a window but a command to copy the current display window. By default, the
produced data will be directed to the internal serial bus (thermal printer). You can also
direct those data to the serial communication port.

By use of the window copying function, you can hardcopy very window displaying
manually by switching windows, or you can obtain the window displaying data by
communication.

M+0

Browse the 32 recorded instrument power-on and power-off date and time with the flow
rate at the time of power on and off

M+1

Displays the total working time of the flow meter.
When the backup battery is removed, the total working time will be reset to zero.

M+2

Displays the last power-off date and time

M+3

Displays the last power-off flow rate

M+4

Displays how many times of has been powered on and powered off.

M+5

A scientific calculator for the convenience of field working.

All the values are in single accuracy.

The calculator can be used while the flow meter is conducting flow measurement.
Water density and PT100 temperature can also be found in this function.

M+6

Set fluid sound speed threshold

Whenever the estimated sound speed (displayed in M92) exceeds this threshold, an alarms
signal will be generated and can transmitted to BUZZER or OCT or RELAY.

This function can used to produce an alarm or output when fluid material changes.

M+7

Displays total flow for this month(only for the time past)

M+8

Displays total flow for this year(only for the time past)

M+9

Display the not-working total time in seconds. The total failure timer will also include the
time when power off, if the back-up battery is applied.

M.2

Entry to solidify the zero point. Password protected.

M.5

Setup the Q value threshold.
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If the present Q is below this threshold, flow rate will be set to 0.
This function is useful when flow meter is installed in noisy environment or on airy pipes.

M.8 The maximum flow rates for today and this month.

M.9 Serial port tester with CMM command output for very second.

M-0 Entry to hardware adjusting windows only for the manufacturer

M-1 4-20mA output adjustment

M-2 4mA calibration for AI3 input

M-3 20mA calibration for AI3 input

M-4 4mA calibration for Al4 input

M-5 20mA calibration for Al4 input

M-6 4mA calibration for AI5 input

M-7 20mA calibration for AI5 input

M-8 Lower Temperature Zero setup for the PT100

M-9 Higher Temperature Zero setup for the PT100

M-A Temperature Calibration at 50

M-B Temperature Calibration at 84.5

Note: 1. Windows in Red are new to our older version of flow meter
2. Windows in blue are energy related windows

3. The term totalizer is also called accumulator

Chapter 4 Data Logger/Outputs/Inputs

The chapter mainly introduces the details and operation of data logger/output/input/batch
controller and the function of simulation run status.

eData Logger
1) External SD data logger from1G-8G---Need order.
oQutput
1)A self-powered 4-20mA output
2)A OCT pulse output
3)A frequency output(Using OCT channel)
4)A relay output
5)An isolated RS485 output support MODBUS.
Use RS485-RS232C converter for RS232 port.
eInput
1) Temperature/thermal energy input equipped with3-wire PT100 resistors.
2) 3 way analog input for pressure, temperature, level, etc.
o Others
1) Function of simulation run status
2)Batch controller
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Before making the wiring, please refer to the figure in Appendix8.1.

4.1 External SD Data Logger

The external SD data logger is installed inside enclosure of wall mounted unit, and steal 3.3VDC
power from the flowmeter, and doesn’t external power supply. For more details, please contact us
if you have such request.

4.2 4-20mA Analog current output connection/setup

The 4-20mA output of the flowmeter is self-powered way which doesn’t require external power to

the wire of current loop. Its accuracy is better than 0.1%. It can be configured into different mode,

such as 4-20mA mode, 0-20mA mode, etc. Mode selection can be made in menu M55.

In order to make 4-20mA work well, it need to make wire connecting on hardware and setting on
software. Please refer to the figure in Appendix 8.1 for wiring terminals.

Firstly, well connect wire to AO+ (Pin23) and AO-(Pin22). Then, make the setting on software of
the flowmeter as below:
1) Select the mode to be 4-20mA in menu M55
2) Set flow rate values which correspond to the minimum current (4mA) and the
maximum current (20mA). Enter the two values in M56 and M57 separately.

Example A: flow rate range is 0-100m’/h. Just need to enter 0 in M56 and 1000 in M57.

Example B: flow rate range is -1000-0-2000m’/h. If flow direction is not an issue for the
application, user need to select 20-4-20mA mode in M55. Then, enter 1000 in M56 and 2000 in
MS57. If flow direction is an issue, user need to select 0-4-20mA mode in M55. This means that the
current loop will output 0-4mA when flow rate is negative and 4-20mA when flow rate is positive.
Enter -1000 in M56 and 2000 in M57.

Users may need to check whether current loop is “calibration” by M58. The detailed operation is
given as below:

Firstly, press keys @D & @&D | then by pressing keys @2 and @ to call out
“OmA”,”4mA”,”8mA”, ”16mA”, 20mA”, meanwhile, measure the current of current loop with a
higher accurate ampere meter. Lastly, calculate the difference between measuring value and
display value of flow meters. If the difference is over the allowed range, it is necessary to
re-calibrate the output of the current loop.

Users must open the debugging window before re-calibrating the analog output. The opening
way is as below:

Press@D@2C 1 @D input password “4213068”, then press@Dagain to open. The open is
only valid in this time power ON., and it will be automatically OFF when the password is invalid.

Press@D@ - 1 )@EDinto the standard status of 4mA output, and use the ampere meter to

measure the output current of current loop, meanwhile, press @and@change the display value
of the flowmeter and watch the value of the ampere meter until it displays 4.00 which means the
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4mA calibration is finished. At this time, press@®again into the standard status of 20mA output,
then calibrate it with the same way for 4mA.

M59 is used to check the present current value of current output, and the value will be varied
with changing of flow rate.

4.4 Analog Voltage Signal Output

By paralleling connecting a 250Q/0.25W resistor across the two current output terminals, the
4-20mA can be transferred voltage output of 1-5V.

4.5. Frequency Output

All the series ultrasonic flow meters have Frequency Output functionality. This frequency output
signal, which represents the flow rate, is intended to connect with other instruments.

The Frequency Output is totally user-configurable. Usually, four parameters should be configured.
Enter the lower limit of flow rate in window M68 and higher limit of flow rate in window M69.
Enter the frequency maximum and minimum in window M67.

For example, assume that the flow rate varies in a range from Om3/h to 3000m3/h, and the
required output signal frequency should be in a range of 200Hz to 1000Hz. The user should enter
0 in M68 and 3000 in M69, and enter 200 and 1000 in window M67.

Please note that the user needs to select the frequency output option (the 24™ option, ‘FO output’)
in window M78. The user must also make the OCT hardware connection to the device which is
supposed to use the frequency output signal. Because Frequency output has no its own output
hardware channel, it will borrow OCT’s channel.

4.6 Totalizer Pulse Output

The flowmeter is able to produce a pulse output every time when it reaches a unit flow of liquid.

This pulse could be used by an external pulse counter to accumulate the flow rate.

The totalizer pulse output can only be transmitted through OCT or relay devices. Therefore, it is

necessary to configure the OCT or relay. This can be done in menu M78 and M79. Refer to the

next chapter for detail on M78 and M79.

For example, assume that we need to output the POS totalizer through the relay in pulse form, and

every pulse represents 0.1cubic meter of liquid flow. The following steps must be performed:

1) Select the Cubic Meter(m3) unit in window M32

2) Select the Multiplier factor as’2. x0.1” in window M33

3) Select the output option’9. POS INT Pulse’ in window M77.(INT standards for integrated or
totalized)

Note that the totalizer pulse must be set properly. It should be neither too big, or too small. If it is

too large (e.g., long period), the output pulse will be very slow. If it is too small (e.g., short period),

the relay may active too frequently and its lifetime may be shortened. Besides, pulse loss error

may occur. It is recommended to be within 1-60 pulse/minute. You can adjust the pulse period by

selecting different totalizer multiplier factor in M33.
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4.7 How to produce an alarm signal output

There are two types of hardware alarms that are available with this instrument. One is the audible

alarm, and the other is the ON/OFF output signal which can drive an alarm. The audible alarm is

also called Buzzer. It is generated internally and can be configured in M77. The ON/OFF output

signal is generated through the OCT or relay output which is connected to an external alarm

circuitry.

The triggering sources of the alarming events for both the Buzzer and the ON/OFF alarm signal

could be:

1) There is no receiving signal

2) The signal received is too weak

3) The flow meter is not in normal measurement mode

4) The flow direction is changed

5) Overflow occurs at the analogue outputs by 120% or more

6) Over flow occurs at the frequency output by 120% or more

7) The flow rate is out of the specified range, which is configured in windows M73 and M74 for
Alarm #1, and in windows M75 and M76 for alarm #2.

Example A: assume we need the Buzzer to start beeping when the flow meter is not ready in
normal measurement. Switch to M77, select item ‘2.Abnormal Measurement State’

Example B: assume we need the Buzzer to start beeping when the flow rate is less than 300m3/h
and greater than 2000m3/h. The following setup steps would be recommended:

1) Enter flow rate lower limit 300 in M73 for #1 alarm,

2) Enter flow rate upper limit 2000 in M74 for #1 alarm,

3) Select item *6.Alarm #1’ in M79

Example C: assume we need the OCT output to activate when flow rate exceeds 100~500m3/h
and the relay output to activate when flow rate exceeds 600~1000m3/h. The following setup steps
would be recommended:

1) Enter flow rate lower limit 100 in M73

2) Enter flow rate upper limit 500 in M74

3) Enter flow rate lower limit 600 in M75

4) Enter flow rate upper limit 1000 in M76

5) Select item *6.Alarm #1° in M78

6) Select item *6.Alarm #1’ in M79

4.8 OCT output Wire an external alarm device to the OCT output
The OCT output is an ON/OFF type, Optocoupler Terminals Vx
electrically isolated collector open circuit Isolation 28 Rx
output. It is user-configurable. You can ——L I@ 1
program it to be an ON/OFF type alarm External Alarm
signal or a totalizer pulse signal. Or Relay Control
Figure3 . 29
e '
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Notice the Frequency Output shares the
same OCT hardware. When used as Frequency Output, the OCT cannot be used for other purpose
(neither alarm signal nor totalizer pulse signal).

The OCT has two wiring terminals, terminals 28 and 29. Terminal 28 is positive and terminal 29 is
negative. Be careful of the polarity. An external DC power supply VX and an external pull-up
resistor Rs are needed for using the OCT (Figure 3). Vx can be from +8VDC to +24VDC. Rx can
be from 1KOhm to 10KOhm. The OCT can drive an alarm, pulse counter, frequency counter, etc.
It can also be used to drive a relay, which operates a valve system, for instance.

Refer to menu M78 for OCT configuration.

4.9. Relay output

The relay output is a single-pole Single-throw (SPST), normally ON output device. Its load
current is 1A at 125VAC or 2A at 30VDC.

The relay output is user-configurable and can be configured as an ON/OFF type alarm signal or a
totalizer pulse signal. Its signal is sent to terminals 30 and 31, which can be connected to a remote
counter or alarm device (Figure 4). Refer to menu M79 for relay configuration.

4.10. Simulation Run Status

The new version flowmeter has a function of simulation run status. This function can help the
flowmeter communication and other function tested without installing transducers. The detailed
method is as below:

Input ‘0’ in window M11, the flowmeter will display flow velocity=1.23456m/s (4.0504 ft/s),and
display‘R’. If request instantaneous flow rate =X, just input ‘-X’ in window M44.

4.11. RS232/RS485 port

The RS485 port is isolated, and has two terminals:RS485+ and RS485-. RS485 port is hardware
channel of communication protocol.

For RS232 port, users can use a RS232-RS485 port.

For detailed communication protocol contents, please refer to manual of MODBUS and
other protocol separately.

4.12. Analog Input of Pressure and Level

The flowmeter has three analog inputs modules built-into its hardware system, AI3-AI5, which
can be connected to analog sensors to measure physical quantities, such as temperature, pressure,
etc. By combining the flow rate information, the flowmeter can provide very valuable information
for resources management and process control.
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The corresponding value of AI3,Al4, AI5 need to be set on M64,M65,M66 separately.
The prior digit corresponds to the analogue value of 4mA, and the latter digit corresponds to the
analogue value of 20mA.
®Q >
Example, assume to input pressure range 0~10kgs 4 a
from pressure transmitter. The 4-20mA signal of pressure =i
transmitter is connected to GND and AIS, then
1

&

input ‘0’ to 4mA and ‘10’ to 20mA in window M66.

If the current value of pressure transmitter is different from .
that displayed on window M51, it will need recalibration for
the analogue wire.

For detailed calibration information, please contact us.

4.13 How to use batch controller

The interval time of batch controller is from 5Sms to 500ms.

Please do the following to use the batch controller:

1) Go to menu window M8O0 to select the trig signal.

2) Go to menu window M78 (OCT output) or M79 (relay output), select “8 Batch Control”.

3) Use menu window M81 to set the flow batch value (dose).

The input signal can be set and controlled by keypad or analog input port or MODBUS. The signal
is outputted by OCT or Relay.

Chapter 5 Thermal Energy Measurement

5.1 General Introduction

The new version flowmeter has two methods for thermal energy measurement;

eUtilize standard 2-way PT100 resistors. Its temperature range is 0-150°C, and after calibration,

the accuracy in the range of 0-150°C is less than 0.1°C.

e Utilize temperature transmitter with 4-20mA output. The temperature analogue signal can be
inputted by terminals Al4 and AIS of the flowmeter. If possible, we recommend PT100 resistors
which can have a better performance.

New generation ultrasonic flow meters have two specific heat value methods in system software:
one is GB, standard CJ128 specific heat value(factory default),under this setting, the flow meter
will calculate the enthalpy of water based on the international standard; the other is 1. Fixed
Specific Heat, if the fluid is other than water, users should select option ‘1. Fixed Specific Heat’,

and enter the specific heat value of the fluid. If the temperature is over 150°C, also use this

method.
Because specific heat of water is different in different temperatures, the measuring results with
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two methods above are also different. Generally, the result in the first method is smaller than that
from the second method.
1) With specific heat value method
While flow transducers installed on water supply pipe, the formulation is as below:
Instantaneous Heater rate gh=qV X pS X (hS-hR)
While flow transducers installed on water return pipe, the formulation is as below:
Instantaneous Heater rate gh=qV X pR X (hS-hR)

Here:

qV: instantaneous volume flow rate

pS: density in water supply temperature

pR: density in water return temperature

hS: specific heat value in water supply temperature
hR: specific heat value in water return temperature

2) With fixed specific heat value method
qh=qV X C X (tS-tR)
Here:
C: Specific heat value of water, the value can be input in M86
tS: temperature of water supply
tR: temperature of water return

Heat totalizer: Q=Qn+qH X At
At=0.5second, which means totalizer time is 0.5s.

In window menu M8., users can select installing point: water supply direction or water return

direction.
The factory default is water supply installing and GB, standard CJ128 specific heat value.

5.2 Wring Connection of PT100 Resistors

TX1 terminal of flow meter is connected to power supply terminal of PT100 RTD in water supply
pipe.

T1 terminal of flow meter is connected to signal terminal of PT100 RTD in water supply pipe.
TX2terminal of flow meter is connected to power supply terminal of PT100 RTD in water return
pipe.

T2 terminal of flow meter is connected to signal terminal of PT100 RTD in water return pipe.
Two piece of PT100 resistors are common-ground, and connected to terminal GND.
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NSNS

| | | | |
TX2 T2 GND T1 TXI1

A | N

PT100 resistance (PT100 resistor wiring connection)

While prolong the wire of PT100 RTD, please try to use wire with thicker diameter,

and also ensure the same specification for 3 wires to connect PT100 RTD.

Please kindly note the thermal energy measurement circuit and flow measurement circuit are
common-ground.

5.3 Window Menus for Thermal Energy Measurement

Menu window MOS5: display energy rate (instantaneous Caloric) and total energy (Caloric).
Menu window MO06: display the current temperature value of supply T1 and return T2 and their
corresponding resistor values.
Menu window M84: the thermal energy unit selection:
0. GJ (factory default) 1. KC 2.KWh 3.BTU
Menu window M85: select temperature sources 0.from T1,T2(factory default)
1. from AI3,Al4
Menu window M86: Select the Specific Heat Value.
Menu window M87: Turn on or turn off the Energy totalizer.
Menu window M88: Select thermal energy totalizer multiplying factor. Factory default is “1°.
Menu window M8&9: 1.Display the temperature difference
2. Window for entering the lowest temperature difference (temperature cutoff).

Menu window M8e: Select to which pipe the heat meter is installed, the inlet or outlet pipe.

Menu window M95: Display the positive and negative energy totalizers
Menu window M-8,M-9,M-A,M-B are used to calibrate temperature measurement system.

5.4 Calibrating Sub-system of Temperature Measurement

The accuracy of temperature measurement part is generally 0.5°C if without calibration. Thus, if
replace PT100 resistor or replace temperature measurement components, the accuracy will be

about 1°C.

In order to gain the accuracy of 0.1°C, it is necessary to calibrate temperature measurement part.
It is usually calibrated by using thermostat.

The flow meters use two standard temperature point to calibrate: 50°C and 84.5°C.
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Set two thermostats, one is set at 50+0.05°C, and the other is set at 84.5+0.05°C, then follow the
steps as below:

(1) Immerge two pieces of PT100 resistors into 50+0.05°C thermostat

(2) Enter 0D, input hardware debug password 4213068 to open debug window.

(3) Enter @29, then enter¥to window menu M-A(M-+), the flow meter will display’

Temperature Calibration at 50°C” and T1,T2 current original temperature value.
(4) After PT100 is fully stable by estimating(about 2 minutes),enter@. Then enter 0 to
continue into M06 for displaying temperature value.

(5) Immerge the two pieces of PT100 resistors into84.5+0.05°C thermostat

(6) Enter @2 (9D, then enter¥~to window menu M-A(M--), then re-enter™/2 to window

menu M-B, the flow meter will display > Temperature Calibration at 84.5C” and T1,T2 current
original temperature value.

(7) After PT100 is fully stable by estimating (about 2 minutes), enter@¥D. Then enter_* Jto
continue into M06 for displaying temperature value.

(8) Calibration finished, then check the calibration result.
If the flow meter displays similar meaning of wrong calibration temperature, please confirm,
on fourth step or seventh step, that means something wrong with calibration temperature or
temperature measurement circuit.

If under the condition without thermostats or on field spot, the ultrasonic flow meters also have a
zero setup function of 2-way PT100 resistors, and this function is used to correct the problem for
matching error between two PT100 resistors. Lower temperature zero setup for PT100 is in
window menu M-8,and higher temperature zero setup for PT100 is in window menu M-9.

While zero point setup, it is better to immerge two PT100 into enough water, and wait for PT100

fully and averagely heated. Then enter o@D /> (8) or C9) to continue. Please

note the lower temperature value is not over 40°C,and higher temperature value is at least 55°C.

Zero point setup for temperature initially solves the ‘zero point’ in PT100. The best way is still to
use thermostats for calibration.

5.5 4-20mA Output of Temperature Measurement

eInstantaneous heater rate can be output by 4-20mA
Firstly, select’8.4-20mA corresponding heat flow rate’ in window menu M55. Then select 4mA
corresponding heater value in M56, and 20mA corresponding heater value in M57.
An application case:
Instantaneous heater rate range is 0-1000GJ/h, the flow meter is connected to a DCS system by
4-20mA output. And request instantaneous heater rate=0,current output value=4mA, and while
1000GJ/h, current output value=20mA. The detailed steps are as below:
A. Enter M55,then enter@¥® use™/to select 8.4-20mA corresponding heat flow rate
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B. Enter M56, input’0’ then enter @D
C. Enter M57,input’ 1000’ then enter @D

eThe temperature measurement value outputted by printer or data recording
1).Instantaneous heater rate

2) Negative heater totalizer

3) Positive heater totalizer

4) Net heater totalizer

5) T1 temperature value

6) T2 temperature value

7) Analog input AI3,Al4

The setup window menu is M50,M51 and M52.

For example, request to output instantaneous heater rate,positive heater totalizer, T1 temp. value,
the time unit is per second.

The detailed setup is as below:

A. Enter M50, make the requested option ON

B. Enter M51, set start time=**.** ** interval time 00:00:01,print times:8000

C. Enter M52, select option’ Send to RS485

For other outputs of heater measurement, they will be the same as that of flow measurement.

6. How To

6.1 How to judge if the instrument works properly

Enter into window MO8, if ‘R’ is displayed on the screen, the instrument is working properly,
If other indication character is up, please refer to Chapter 7 for diagnosis details.

6.2 How to judge the liquid flowing direction

(1) Make sure that the instrument works properly

(2) Check the flow rate for the indication. If the displayed value is POSITIVE, the direction of the flow
will be from the A transducers to the B transducers; if the displayed value is NEGATIVE, the
direction will be from the B transducers to the A transducers;

6.3 How to change between units systems
Use menu window M30 for the selection of unit system in English or Metric system.

6.4 How to select a required flow rate unit

Use menu window M31 to select the flow unit first and then the timing unit.
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6.5 How to use the totalizer multiplier

Use window M33 to select a proper totalizer. Make sure that the totalizer pulse is appropriately
speeded. It should not be too fast and neither too slow. A speed of producing a pulse in several
seconds or minutes is preferable.

If the totalizer multiplier is too small, there can be a loss of accumulation pulse because the output
device can output only one pulse in a measurement period (500milliseconds)

If the totalizer multiplier is too large, the output pulse will be too fewer for the devices that are
connected with the instrument for a quicker response.

6.6 How to open or shut the totalizers

Use M34, M35 and M36 to turn on or turn off the POS, NEG, or NET totalizer respectively.

6.7 How to reset the totalizers

Use M37 to reset the proper totalizer.

6.8 How to restore the flow meter with default setups

Use M37, when the ‘selection’ message is displayed. Press the dot key first and the message ‘Master
Erase’ will display, then press the backspace keyE

The master erase step will erase all the parameters entered by the user and setup the instrument with
default values except “instrument factor” and “network identification number” parameter

6.9 How to use the damper

The damper acts as a filter for a stable reading. If ‘0’ is entered in window M40, that means there is no
damping. A bigger number brings a more stable effect. But bigger damper numbers will prevent the
instrument from acting quickly.

Numbers 0 to 30 are commonly used for the damper value. Default value is 10 seconds.

6.10 How to use the zero-cutoff function

The number displayed in window M41 is called the lower flow rate cut-off value. The flow meter will
replace these flow rate values that are absolutely less than the low-cutoff value with ‘0’. This means the
flow meter will avoid any invalid accumulation when the actual flow is below the zero-cutoff value.
Generally the default value is 0.03m/s

The low-cutoff value does not affect the flow measurement when the actual flow is absolutely greater
than the low-cutoff value.
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6.11 How to setup a zero point

There exists a ‘Zero Point’ with certain installation which means the flow meter will display a non-zero
value when the flow is absolutely stopped. In this case, setting a zero point with the function in window
M42 will bring a more accurate measurement result.

Make sure that there is no liquid running inside the pipe, and then run the function in window M42 by

pressing the key.
6.12 How to get a scale factor for calibration

A scale factor is the ratio between the ‘actual flow rate’ and the indicated value by the flow meter.

It can be determined by calibration with standard flow calibration equipment. You may change the scale
factor in menu window M45.

The scale factor can be determined by calibration with flow calibration equipment.

6.13 How to use the system locker

The system locker provides a means of preventing inadvertent configuration changes or totalizer
resets.

When the system is locked, menu window browsing can be done without affecting any change, but any
modifications are prohibited.

The system can be locked without a password or with a 1 to 4 digit password. With a no-password
locking, directly press the ENT key in M47

If the password is forgotten, please contact the factory.

6.14 How to modify the built-in calendar

No modification on the built-in calendar will be needed in most cases. The calendar runs on
insignificant amount of power supply. Modification will be required only in such cases as when the
battery is totally consumed, or when the changing of the battery takes a long time.

Press the ENT key under M60 for Modification. Use the dot key to skip over these digits that need no
modification.

If use data logger or system updating or network communication, it should ensure the calendar is
proper.

6.15 How to view the Date Totalizers

Use M82 to view the date totalizers that are comprised of a daily totalizer, a monthly totalizer and a
yearly totalizer.
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6.16 How to use the Working Timer

Use the working timer to check the time that has passed with a certain kind of operation. For example,
use it as a timer to show how long a fully-charged battery will last.
Under M72, press ENT key and then select YES to reset the timer.

6.17 How to use the manual totalizer

Use M38 for the manual totalizer. Press ENT key to start and stop the totalizer.

6.18 How to check System Version Number

Every set of the flowmeter utilizes a unique ESN to identify the meter. The ESN is an 8-digit number
that provides the information of version and manufacturing date.

The user can also employ the ESN for instrumentation management.

The ESN and system version number is displayed in window M61.

6.19 How to adjust the LCD display

You may use menu window M70 to setup the LCD display backlight and menu window M71 to
adjust contrast it.

6.20 How to use automatic amending function for offline

compensation

Use menu window M83 turn on or turn off this function. When the function is enabled, the flow
meter will estimate the average flow uncounted (or ‘lost’) during the offline session and add the
result to the totalizer.

This function is not recommended. The user should try to avoid the offline time to keep precision
of the measurement result.

6.21 How to enter the parameters of user-type-transducer

If a user-type-transducer is selected in menu window M23, you need proceed to enter additional 4
user-type-wedge parameters that describe the user transducers.

If the PI-type transducer is selected, you need enter additional 4 PI-type transducer parameters that
describe the PI-type transducers.

6.22 How to use the circular display function

When entering menu window 95, the circular display function will be started automatically. The
following windows will be displayed one by one, each window will stay for 8 seconds:
M95>>M00>>M01>>M02>>M02>>
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MO03>>M04>>M05>>M06>>M07>>M08>>M90>>M91>>M92>> M93>> M94>>M095. This
function allows the user to visit all the important information without any manual action.

To stop this function, simply press a key. Or switch to a window other than M95.

6.23 How to do the linearity correcting? How to enter into the data?

When the product leaved the factory, the function is closed.
The menu can realize almost 12 parts linearity correcting. The user can choose from two points to
twelve points to execute the linearity correcting according to user actual condition.

In order to explain the usage method of the menu, we suppose that we get the following table data
through calibration the meter.

Reference standard [Instrumented show flow Correction coefficient
equipment flow (m*/h) (m*/h) (standard / show value)
1.02 0.0998 1.02
5.11 5.505 0.93
10.34 10.85 0.95
20.45 19.78 1.03
50.56 51.23 0.99

In order to revised the flow exceed the scope of the above table, without mutations of correction factor,
we add two points on the basis of the above five points, (0 m*h, 1.0) and (100000 m*/h, 1.0). (0 m*h,
1.0) is called the minimum flow of the amendment point, this set of data is used to facilitate to
generated a appropriate correction factor when Instrumented show flow under 1.02 m>h. (100000 m%h,
1.0) is called the maximum flow of the amendment point, this set of data is used to facilitate to
generated a appropriate correction factor when Instrumented show flow above 50.56 m*/h. So that we
get the following data sets from small to large.

(0 : 1 )
( 00998 1.02 )
( 5.505 , 093 )
( 10.85 , 0.95 )
( 19.78 , 1.03 )
( 51.23 , 0.99 )
( 100000 1. )

The total is seven sets of data. The next step is to put seven sets of data entered into the Instrument.
Pay attention to the input order in accordance with from small to large.

To enter the menu M48, then input the data set number “7”, to be followed in the above seven sets of
data, we revised the setup of a multi-segment linearity correcting.

If you need to cancel linearity correcting, simply enter “0” in the menu M48.

Decommissioned linearity correcting, you just need to enter in the menu M48 data points (in this
example, it is “7”).
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Noted: before the calibration of the instrument, you must first close the linearity correcting function. If
under the condition that the linearity correcting function has not closed, the calibration data sets arising
from the amendment must be dealing with the reverse curve of the data following the original
amendment, then input to the Instrument. Reverse amendment is very complicated, and should be
avoided.

6.24 How to save / restore frequently-used pipe parameters

You can use menu window M27 to store or restore from the internal Flash memory, as many as 9
different pipe parameter configurations.

7. Troubleshooting

7.1 Hardware self-diagnosis errors and solutions

The ultrasonic flow meter provides an automatic power-on diagnosis for the hardware problems. When
any message (while power on) in the following table displays, counter-measures should be taken.

Table 1.
Error message on LCD | Causes Counter-measures
1)Reboot the system
ROM Parity Error ROM operation illegal/ Error (1) y
(2)Contact the manufacturer
(1)Reboot the system
(2)If problem persists, press ENT key
Stored Data Error RAM parameters data Error
to restore the factory default
configuration.
System data memorizer Error | System data storing Error | Power ON again/ Contact with factory
Electro-circuit Hardware Error | CPU electro-circuit Error Power ON again/ Contact with factory
CPU Clock Speed Error System clock Error Power ON again/ Contact with factory
. Number errors with the | Re-set calendar
Date Time Error
calendar
No Display. Erratic or
. . Problem with wiring Double check wiring connections
Abnormal Operation
No response to key Keypad is locked Unlock the keypad.

7.2 Working status errors and solutions

While under working status, the ultrasonic flow meter will show Error Code in the lower right corner with
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a single letter like I, R etc., on menu windows MO0, M01, M02, M03, M90 and M08. When any
abnormal Error Code shows, counter-measures should be taken.

Error

Correspondent Message

frequency output
(3) The actual flow rate is too
high

i Causes Counter-measures
code | displayed on M08
R System Normal No error
(1)Polish the pipe surface
and clean the sport.
Remove paint
(2)Make sure the couplant
. is enough
1)No Signals detected
(1) d . (3)Make sure the
(2)Transducers installed . i .
: transducer is in tight
improperly S
| Detect No Signal (3)Too much foulin contact with pipe surface
9 . . 9 . (4) Check the transducer
(4)Pipe liners are too thick. cables
5)Transducer cords are not
(®) (5) Check installation
properly connected i
parameters settings
(6)Find a better
measurement site. Newer
pipe, no corrosion, no
depostion
J Hardware Error Hardware problem Contact the manufacturer
(1)Poor signal detected
(2)Transducers installed | (1)Relocate measuring
improperly place
H PoorSig Detected (3)Too much fouling (2)Clean the spot
(4)The pipe liners are too thick. | (3)Check the cords
(5)Problem with transducers | (4)Check the coupler
cords
(1) Ignore it if current loop
output is not used
o 4-20mA loop output over 120% P
Current of loop is bigger . (2) Check current loop
E Improper settings for current o
than 20mA. loob outout setting in M56
utpu
poutp (3) Confirm if the actual
flow rate is too high.
(1) Ignore it if frequency
(1) The frequency output is over output is not used.
R A (2) Check the values
120% .
(2) Improper settings for entered n
Q Frequency Output Over St e M66,M67,M68,M69

(3) Use a larger value in
M69 if needed.

(4) Confirm if the actual
flow rate is too high.

37




Wall Mounted Ultrasonic Flowmeter---User Manual

Temporary  problems  while

1) Reboot th t
self-checking with power ON (1) Reboot the system

F See Table 1 (2) Contact the
Permanent problems with manufactuere
hardware

Adjust Gain>S1 Instrument is in the progress of
Adjust Gain>S2 adjusting the gain for the signal,
Adjust Gain>S3 and the number indicates the .

G ; . . , No need for action

Adjust Gain>S4 progressive steps. If stopping at
(Shown in S1 or S2 or between S1 and S2,
MO00,M01,M02,M03) it means low receiving signal.

(1)If the pipe is not full,
relocate the meter to
No liquid inside pipe or Error | where the pipe is full of
setup. liquid.

(2)If the pipe is full, enter 0
on M29

K Empty pipe, Setup on M29

7.3 Other Problems and Solutions

Q1. When the actual flow inside the pipe is not standstill, but the instrument displays 0.0000 for the flow
rate, and ‘R’ displaying signal strength and the signal quality Q (value) has a satisfactory value?

RE: The problems are likely caused by the user who has used the ‘Set Zero’ function on this
non-standstill flowing pipe. To solve this problem, use the ‘Reset Zero’ function on menu window M43.

Q2. The displayed flow rate is much lower or much higher than the actual flow rate in the pipe under
normal working conditions.

RE: (1) There is probably an offset value wrongly entered by the user in M44. Enter ‘0’ in M44.

(2) Problem with transducer installation.

(3) There is a ‘Zero Point’. Try to ‘zero’ the instrument by using M42 and make sure that the flow inside
the pipe should be standstill.

Chapter 8 Appendix

8.1 Wiring Diagram

The following wiring diagram is for wall mounted ultrasonic flow meters.
The main board of the wall mounted unit is shown in the following picture. All the wiring terminal
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blocks are located on the lower part of the box. The terminal block pins are numbered and marked
right below the pins.

Main PCB Wiring Diagram

PT100 Resistor-Heater Meter

TX1 TI GND T2 TX2GND AIZ Al4

@@@EEE@

@' Upstream Sensor Downstream Sensor
[ I I [ I |
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Pipe Size Tables

Table A1: Standard copper tubes according ASTM B88.

Tolerance on Outside

Nominal Actual Outside Diameter (inches) Wall'Thickness
Size Diameter (inches)
(inches) (inches)
Annealed Drawn Nominal Tolerance
Type K
3/4 7/8 0.875 0.003 0.001 0.065  0.006
1 11/8 1.125 0.0035 0.0015  0.065  0.006
11/4 13/8 1.375 0.004 0.0015  0.065  0.006
112 15/8 1.625 0.0045 0.002 0.072  0.007
2 21/8 2.125 0.005 0.002 0.083 0.008
2172 25/8 2.625 0.005 0.002 0.095  0.010
3 31/8 3.125 0.005 0.002 0.109  0.011
3112 35/8 3.625 0.005 0.002 0.120  0.012
4 41/8 4.125 0.005 0.002 0.134  0.013
Type L
3/4 7/8 0.875 0.003 0.001 0.045 0.004
1 11/8 1.125 0.0035 0.0015 0.050 0.005
11/4 13/8 1.375 0.004 0.0015 0.055 0.006
112 15/8 1.625 0.0045 0.002 0.060 0.006
2 21/8 2.125 0.005 0.002 0.070 0.007
212 25/8 2.625 0.005 0.002 0.080 0.008
3 31/8 3.125 0.005 0.002 0.090 0.009
3112 35/8 3.625 0.005 0.002 0.100 0.010

4 41/8 4.125 0.005 0.002 0.114 0.011



Type M

3/4

11/4
1122

2112

312

7/8
11/8
13/8
15/8
21/8
25/8
31/8
35/8
418

0.875
1.125
1.375
1.625
2.125
2.625
3.125
3.625
4.125

0.003
0.0035
0.004
0.0045
0.005
0.005
0.005
0.005
0.005

0.001 0.032
0.0015 0.035
0.0015 0.042
0.002 0.049
0.002 0.058
0.002 0.065
0.002 0.072
0.002 0.083
0.002 0.095

0.003
0.004
0.004
0.005
0.006
0.006
0.007
0.008
0.010

Table A2: Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

] ANSIB 36.10 | ANSIB36.10 | ANSIB 36.19
gg?gii Dgumtger Thyglfrlfess Carbon Steel Carbon Steel Stainless Steel
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
0.049 - - 10S
1/8 0.405 0.068 STD 50 Tas |
0.095 xs | 80 80S
0.065 - - 108
1/4 0.540 0.088 stD | w0 Ta0s |
0.179 XS 80 TROSTTT
0.065 - - 108
3/8 0.675 0.091 STD 407 Ta0sT
0.126 xs 80 -80S
0.065 - - 58
0.083 o -
0.109 STD 40
12 0840 |} T T L
0.147 XS 80
0.187 - 160
0.294 XxXs | - -




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSIB 36.10 [ ANSIB 36.10 [ ANSIB 36.19
Nominal Outer Wall o ) o ) ol N
Pipe Size | Diameter | Thickness Carbon Stee Carbon Stee! Stainless Stee
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
0.065 - - 58
0.083 - - 108
0.113 STD 40 408
3/4 1.050
0.154 XS 80 80S
0.218 - 160 -
0.308 XXS - -
0.065 - - 58
0.109 - - 108
0.133 STD 40 408
1 1.315
0.179 XS 80 80S
0.250 - 160 -
0.358 XXS - -
0.065 - - 5S
0.109 - - 108
0.140 STD 40 408
11/4 1.660
0.191 XS 80 80S
0.250 - 160 -
0.382 XXS - -
0.065 - - 5S
0.109 - - 108
0.145 STD 40 408
112 1.900
0.200 XS 80 80S
0.281 - 160 -
0.400 XXS - -
0.065 — — 58
0.109 — — 108
0.154 408
2 2.375 STD 40
0.218 XS 30 80S
0.344 _ 160 -
0.436 _ _

XXS




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSIB 36.10 | ANSIB 36.10 | ANSIB 36.19
Nominal Outer Wall -
Pipe Size | Diameter | Thickness | CarbonSteel | Carbon Steel | Stainless Steel
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
0.083 — — 58
0.120 - o 108
21/2 2.875 0208 SID__} e - 408
0276 XS 80 | 80
0.375 _ 160 -
0.552 XS _ -
0.083 — - 58
0.120 — - 108
5 3500 0.216 STD 40 | dos
0.300 XS 30 808
0.438 _ 160 =
0.600 XXS _ -
0.083 - - 58
550 : T — e
31/2 4.000 0226 sto | 0 asT ]
0318 XS %0 80S
0.636 XXS - -
0.083 - — 58
0.120 - - 10S
0237 STD T 408
4 4.500 0.337 XS 80S
0.438 - -
0.531 . Z
0.674 XXS — -
0.109 - - 58
0.134 - - 108
5558 T T TS
5 5536 0375 XS g0 80S
0.500 - 0 -
0.625 - 160 =
0.750 XXS _ _




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSI B 36.10 [ ANSIB 36.10 | ANSI B 36.19
Nominal Outer Wall
Pipe Size Diameter | Thickness Carbon Steel | Carbon Steel | Stainless Steel
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
0109 ] - - 38
0.134 - - 10S
0.280 STD | 40 408
6 6.625 0.432 XS 80 80S
‘‘‘‘‘ T e T S E . |
0719 ; 160 -
0.864 XXS - -
0.109 - - 5S
0148 - - 108
0.250 - 20 -
0.277 - 30 -
0.322 STD 40 408
s | oses 0o |l
0.500 XS 80 80S
0.594 - 100 | -
0.719 - 120 -
0.812 - 140 | _
""" 0875 xxs S .
0.906 - 160 -
0.134 - R 5S
0.165 ) ] 108
0250 ) 20 )
0307 | ) 30 :
""" 0365 |  sTD 40 408
10 10.750
0.500 XS 60 80S
""" 0594 | - 80 -
0.719 - 100 -
""" 0844 | - 120 -
1.000 XXS 140 -




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSIB 36.10 [ ANSIB36.10 | ANSIB 36.19
Nominal | Outer Wall
Pipe Size | Diameter | Thickness Carbon Steel Carbon Steel | Stainless Steel
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
I  0.156 - - 5S
I - - 108
I - 20 -
- 30 -
' STD - 408
' ; 40 -
12 | 12750 Xs - 80S
' ; 60 -
i . 80 -
' ; 100 -
- XXS 120 -
- - 140 y
I ) 160 -
- - 5S
- - 10S
- 10 -
- 20 -
STD 30 -
- 40 -
. XS - -
14 14.000
0.594 - 60 -
------- 0.625 XXS - -
0.750 - 30 -
------- 0.938 - 100 -
‘1 .094 - 120 -
------- 1.250 - 140 -
1.406 - 160 -




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

Nominal
Pipe Size
(in)

Outer
Diameter

(in)

ANSI B 36.10

ANSI B 36.10

ANSI B 36.19

Wall
Thickness

Carbon Steel

Carbon Steel

Stainless Steel

(in)

Wall
Thickness

Schedule
Number

Schedule
Number

16.000

58

10S

10

20

30

40

60

80
100

120

140

160

18.000

58

10S

120

140
160




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSIB 36.10 [ ANSIB36.10 | ANSIB 36.19
Nominal Outer Wall
. X X . Carbon Steel Carbon Steel | Stainless Steel
Pipe Size | Diameter | Thickness
. . . Wall Schedule Schedule
(in) (in) (in)
Thickness Number Number

0.188 - - 58
0218 | B - 108
0.250 - 10 -
0.375 STD 20
0.500 XS 30 -
0.594 - 40 -

20 20.000 :
0.812 - 60
1.031 - 80
1.281 - 100
1.500 - 120
1.750 - 140
1.969 - 160 -
0.188 - - 5S
0.218 - - 10S
0.250 - 10 -
0.375 STD 20 -
0.500 - 40 -

22 22.000 0.875 - 60 -
1.125 - 80 -
1.375 - 100 -
1.625 - 120 -
1.875 - 140 -
2215 - 160 -




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSI B 36.10 | ANSIB 36.10 | ANSI B 36.19
Nominal Outer Wall
Carbon Steel Carbon Steel | Stainless Steel
Pipe Size | Diameter | Thickness
. . . Wall Schedule Schedule
(in) (in) (in)
Thickness Number Number
0.218 - - 58
0.250 - SN 108
0.375 - 10 -
0.500 STD 20 -
0.562 XS - -
0.688 - 30 -
24 24.000
0.969 - 60 -
1.219 - 80 -
1.531 - 100 -
1.812 - 120 -
2.062 - 140 -
2.344 - 160 -
0.312 - 10
26 26.000 0.375 STD -
0.500 XS 20
0.312 - 10
0.375 STD -
28 28.000
0.500 XS 20
0.625 - 30
0.250 - - 5S
0.312 - 10 108
0.375 STD - -
30 30.000
0.500 XS 20 -
0.625 - 30 -
0.750 - 40 -




Table A2 (continued): Standard ANSI Pipe Size Data for Carbon Steel and Stainless Steel Pipe

ANSIB 36.10 [ ANSIB36.10 | ANSIB 36.19
Nominal | Outer Wall
Pipe Size | Diameter | Thickness Carbon Steel Carbon Steel Stainless Steel
(in) (in) (in) Wall Schedule Schedule
Thickness Number Number
0.312 - 10 -
0.375 STD - -
32 32.000 0.500 XS 20 -
0.625 - 30 -
e - 0 e
0.344 - 10 108
0375 STD - .
34| 34000 | 0.500 XS 20 R
0.625 - 30 -
0.688 - 40 -
0.312 - 10 108
0.375 STD - ;
36 36.000 0.500 XS 20 -
0.625 A 30 -
0.750 - 40 .
0.375 STD - -
" o e s | 2 |
0.625 - 30 -
0.750 ] 40 -
48| 48000 |20 31D . -
0.500 XS - -




Table A3: Standard Classes of Cast Iron Pipe

Nominal Class A Class B Class C Class D

Pipe Size Outer Wall Outer Wall Outer Wall Outer Wall
Diameter| Thickness |[Diameter| Thickness| Diameter | Thicknesq Diameter| Thickness

) | oy | o) | Gy | Gny @) | ) | (in.)

3 3.80 0.39 3.96 0.42 3.96 0.45 3.96 0.48
4 4.80 0.42 5.00 0.45 5.00 0.48 5.00 0.52
6 6.90 0.44 7.10 0.48 7.10 0.51 7.10 0.55
8 9.05 0.46 9.05 0.51 9.30 0.56 9.30 0.60

10 11.10 0.50 11.10 0.57 11.40 0.62 11.40 0.68

12 13.20 0.54 13.20 0.62 13.50 0.68 13.50 0.75

14 15.30 0.57 15.30 0.66 15.65 0.74 15.65 0.82

16 7.40 0.60 17.40 0.70 17.80 0.80 17.80 0.89

18 19.50 0.64 19.50 0.75 19.92 0.87 19.92 0.96

20 21.60 0.67 21.60 0.80 22.06 0.92 22.06 1.03

24 25.80 0.76 25.80 0.89 26.32 1.05 26.32 1.16

30 31.74 0.88 32.00 1.03 32.40 1.20 32.74 1.37

32 37.96 0.99 38.30 1.15 38.70 1.36 39.16 1.58

42 44.20 1.10 44.50 1.28 45.10 1.54 45.58 1.78

48 50.50 1.26 50.80 1.42 51.40 1.71 51.98 1.99

54 56.66 1.35 57.10 1.55 57.80 1.90 58.40 2.23

60 62.80 1.39 63.40 1.67 64.20 2.00 64.82 2.38

72 75.34 1.62 76.00 1.95 76.88 2.39

84 87.54 1.72 88.54 2.22




Table A3 (continued): Standard Classes of Cast Iron Pipe

Nominal Class E Class F Class G Class H

Outer Wall Outer Wall Outer Wall Outer Wall
Diameter | Thickness] Diameter | Thickness] Diameter [ Thickness| Diameter [ Thickness|

(in.) Gy | dny | @y | @y | oy Gy | Gn) | Gn)

Pipe Size

3

4

6 7.22 0.58 7.22 0.61 7.38 0.65 7.38 0.69
8 9.42 0.66 9.42 0.66 9.60 0.75 9.60 0.80
10 11.60 0.74 11.60 0.80 11.84 0.86 11.84 0.92
12 13.78 0.82 13.78 0.89 14.08 0.97 14.08 1.04
14 15.98 0.90 15.98 0.99 16.32 1.07 16.32 1.16
16 18.16 0.90 18.16 1.08 18.54 1.18 18.54 1.27
18 20.34 1.07 20.34 1.17 20.78 1.28 20.78 1.39
20 22.54 1.15 22.54 1.27 23.02 1.39 23.02 1.51
24 26.90 1.31 26.90 1.45 27.76 1.75 27.76 1.88

30 33.10 1.55 33.46 1.73

32 39.60 1.80 40.04 2.02




Table A4: Standard Classes of Ductile Iron Pipe

(Nominal Pipef ~ Outer Pipe Wall Thickness (in)

Size Diameter

(in) (in) Class 50(Class 51|Class 52(Class 53|Class 54|Class 55|Class 56|
3 3.96 0.25 0.28 | 031 0.43 0.37 | 0.40
4 4.80 026 | 029 [ 032 0.35 0.38 | 041
6 6.90 0.25 028 | 031 034 | 037 | 040 | 043
8 9.05 027 | 030 | 0.33 036 | 039 | 042 0.45
10 11.10 029 | 032 | 035 0.38 0.44 | 047

12 13.20 0.31 034 | 037 | 040 | 043 0.46 | 0.49
14 15.30 0.33 036 | 039 | 042 | 045 0.48 0.51
16 17.40 034 | 037 | 040 | 043 0.46 | 049 | 0.52
18 19.50 035 | 038 | 041 0.44 | 047 | 050 | 0.53
20 21.60 036 | 039 | 042 | 045 048 | 051 0.54
24 25.80 038 | 041 044 | 047 | 050 | 0.53 0.56
30 32.00 0.51 0.55 0.59 | 0.63
32 38.30 0.58 0.63 0.68 | 0.73
42 44.50 0.65 0.71 0.77 | 0.83
48 50.80 0.72 0.79 | 0.86 | 0.93
54 57.10 0.81 0.89 | 0.97 1.05




Sound Speed Tables

Table A5: Sound Speed Data of Solids

Sound Speed Sound Speed
Material Shear Wave (25 °C) Long. Wave (25°C)
m/s ft/s mm/us in/us
Steel, 1% Carbon, hardened 3,150 10,335 5.88 0.2315
Carbon Steel 3,230 10,598 5.89 0.2319
Mild Steel 3,235 10,614 5.89 0.2319
Steel, 1% Carbon 3,220 10,565
302 Stainless Steel 3,120 10,236 5.690 0.224
303 Stainless Steel 3,120 10,236 5.640 0.222
304 Stainless Steel 3,141 10,306 5.920 0.233
304L Stainless Steel 3,070 10,073 5.790 0.228
316 Stainless Steel 3,272 10,735 5.720 0.225
347 Stainless Steel 3,095 10,512 5.720 0.225
Aluminum 3,100 10,171 6.32 0.2488
Aluminum (rolled) 3,040 9,974
Copper 2,260 7,415 4.66 0.1835
Copper (annealed) 2,235 7,628
Copper (rolled) 2,270 7,448
CuNi (70%Cu 30%Ni) 2,540 8,334 5.03 0.1980
CuNi (90%Cu 10%Ni) 2,060 6,759 4.01 0.1579
Brass (Naval) 2,120 6,923 443 0.1744
Gold (hard-drawn) 1,200 3,937 3.24 0.1276
Inconel 3,020 9,909 5.82 0.2291
Iron (electrolytic) 3,240 10,630 5.90 0.2323




Table A5 (continued): Sound Speeds in Solids

Sound Speed*
Shear Wave (25°C)

Sound Speed*
Long.Wave (25°C)

Material m/s ft/s mm/us in/us
Iron (Armco) 3,240 10,630 5.90 0.2323
Ductile Iron 3,000 9,843
Cast Iron 2,500 8,203 4.55 0.1791
Monel 2,720 8,924 5.35 0.2106
Nickel 2,960 9,712 5.63 0.2217
Tin,rolled 1,670 5,479 3.32 0.1307
Tintanium 3,125 10,253 6.10 0.2402
Tungsten,annealed 2,890 9,482 5.18 0.2039
Tungsten,drawn 2,640 8,661
Tungsten,carbide 3,980 13,058
Zinc,rolled 2,440 8,005 4.17 0.1642
Glass,Pyrex 3,280 10,761 5.61 0.2209
Glass,heavy silicate flint 2,380 7,808
Glass,light borate crown 2,840 9,318 5.26 0.2071
Nylon 1,150 3,772 2.40 0.0945
Nylon,6-6 1,070 3,510
Polyethylene (LD) 2.31 0.0909
Polyethylene (LD) 540 1,772 1.94 0.0764
PVC,CPVC 1,060 3,477 2.40 0.0945
Acrylic 1,430 4,690 2.73 0.1075
Asbestos Cement 2.20 0.0866
Tar Epoxy 2.00 0.0787
Mortar 2.50 0.0984
Rubber 1.90 0.00748




Table A6: Sound Speed in Water at atmosphere pressure. Unit: t (°C) v (m/s)

\4

t

\4

t

\4

t

0 1402.3 25 1496.6 50 1542.5 75 1555.1
1 1407.3 26 1499.2 51 1543.5 76 1555.0
2 1412.2 27 1501.8 52 1544.6 71 1554.9
3 1416.9 28 1504.3 53 1545.5 78 1554.8
4 1421.6 29 1506.7 54 1546.4 79 1554.6
5 1426.1 30 1509.0 55 1547.3 80 1554.4
6 1430.5 31 1511.3 56 1548.1 81 1554.2
7 1434.8 32 1513.5 57 1548.9 82 1553.9
8 1439.1 33 1515.7 58 1549.6 83 1553.6
9 14432 34 1517.7 59 1550.3 84 1553.2
10 1447.2 35 1519.7 60 1550.9 85 1552.8
1 1451.1 36 1521.7 61 1551.5 86 1552.4
12 1454.9 37 1523.5 62 1552.0 87 1552.0
13 1458.7 38 1525.3 63 1552.5 88 1551.5
14 1462.3 39 1527.1 64 1553.0 89 1551.0
15 1465.8 40 1528.8 65 1553.4 90 1550.4
16 1469.3 41 1530.4 66 1553.7 91 1549.8
17 1472.7 42 1532.0 67 1554.0 92 1549.2
18 1476.0 43 15335 68 15543 93 1548.5
19 1479.1 44 1534.9 69 1554.5 94 1547.5
20 14823 45 1536.3 70 1554.7 95 1547.1
21 1485.3 46 1537.7 71 1554.9 96 1546.3
22 1488.2 47 1538.9 72 1555.0 97 1545.6
23 1491.1 48 1540.2 73 1555.0 98 1544.7
24 1493.9 49 15413 74 1555.1 99 1543.9




Table A7: Sound Speed in Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical . o Kinematic
Substance Formula Speqﬁ y Sound Speed avre Viscosityx107
Gravity m/s ft/s m/s/°C | m’/s ft/s
Acetic anhydride(22)  |(CH;CO),0 (12-00% 1,180 | 3,871.4 | 2.5 | 0769 | 8.274
|Acetic acid,anhydride(22) | (CH;CO),0 (lz'gfcz) 1,180 | 3.8714 | 25 | 0769 | 8274
|Acetic acid,nitrile GHiN | 0783 | 1290 | 42323 | 41 | 0441 | 4745
|Acetic acid,ethyl ester(33) | C4Hg O, 0.901 1,085 | 3,559.7 4.4 0.467 | 5.025
[Acetic acid,methyl ester | C,;H,0, | 0934 | 1211 | 3,973.1 0.407 | 4379
Acetone CH© | 0791 | 1,174 | 3,851.7 | 45 | 0399 | 4.293
|Acetonitrile GHN | 0783 | 1290 | 42323 | 41 | 0441 | 4745
|Acetonylacetone CsH 00, 0.729 1,399 | 4,589.9 3.6
[Acetylen dichloride GH,CL, | 126 | 1,015 | 3,330.1 | 3.8 | 0.400 | 4.304
IAcetylen tetrabromide(47)| C,H,Br, 2.966 1,027 | 3,369.4
Acetylen tetrachloride(47)| C,H,CL, | 1595 | 1,147 | 3,763.1 (11'5105C6) gg“gf
Alcohol CHO | 078 | 1207 | 3,960 | 4.0 | 1.39 | 15.02
|Alkazene-13 CisHay | 086 | 1317 | 43209 | 3.9
|Alkazene-25 CioHuCL, | 120 | 1307 | 4.288.1 | 3.4
b-Amino-ethanol GH.NO | 1.018 | 1,724 | 56562 | 3.4
b-Aminotolidine(46) CrHoN (g-gfg) 1,618 | 5,308.4 (‘;30%‘) ?Zé%;?
U-Aminotolidine(46) CyHoN (%5933) 1,480 | 4,855.6 (ls'gfg) (2102-3041:5)
: 1,729 | 5,672.6 0292 | 3.141
JAmmonia(35) NH; 0.771 (33°0) | (27°F) 6.68 (:33°0) | (27°F)
Amorphous Polyolefin 0.98 (?963&8) (3317541%%2) 26,600 |286.000
t-Amyl alcohol CsHRpO | 081 | 1204 |3,950.1 4374 | 47.064
Aminobenzene(41) CHsNO, | 1022 | 1,639 | 53773 | 40 | 3.63 |39.058
|Aniline(41) CHNO, | 1022 | 1,639 | 53773 | 40 | 3.63 |39.058
1400 | 853 | 27986
Argon(45) AT 188°C) | (-188°0)| (-306°F)




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

i . o Kinematic
Substance ?(l)‘:nn:lclzl 2]360120 Sound Speed | Av7C Viscosityx107
A s ft/s | m/s/°C| m’s t*/s
. 0.992 | 10.673
Azine CeHsN 0.982 1,415 |4,642.4| 4.1 20°0) | (68°F)
Benzene(29,40,41) C¢Hg 0.879 1,306 |4,284.8| 4.65 0.711 7.65
Benzol(29,40,41) C¢Hg 0.879 1,306 |4,284.8| 4.65 0.711 7.65
Bromine(21) Br, 2.928 889 12,916.7| 3.0 0.323 3.475
1,170 |3,838.6
Bromo-benzene(46) C¢HsBr 1.522 20°C) | (68°F) 0.693 7.456
1.276 1,019 |3,343.2 0.49 5.272
1-Bromo-butane(46) C4HoBr 20°0) | 20°C) | (68°F) 15°C) | (59°F)
1.460 900 [2,952.8
Bromo-ethane(46) C,H;sBr 20°C) | 20°0) | (68°F) 0.275 2.959
Bromoform(46,47) CHBr, é(ffg) 918 |3,011.8] 3.1 | 0654 | 7.037
h-Butanc(2) CiHyo 0.601 1,085 |3,559.7 58

(0°C) (-5°C) | (23°F)

2-Butanol

C4H;00 0.81 1,240 14,068.2| 3.3 3.239 | 34.851

Sec-Butylalcohol

C4H;00 0.81 1,240 14,068.2| 3.3 3.239 | 34.851

. 1.276 1,019 (3,343.2 0.49 5272
n-Butyl bromide(46) C4HoBr (20°C) 20°C) | (68°F) 15°C) | (59°F)
0.529 5.692

n-Butyl chloride(22,46)

C4HoCL 0.887 1,140 |3,740.2| 4.57 a50) | (s0°m)

Tert Butyl chloride

C4HoCL 0.84 984 13,2283 4.2 0.646 6.95

Butyl oleate

CyHy 0O, 1,404 14,606.3| 3.0

2,3 Butylene glycol

C4H;00, 1.019 1,484 14,808.8| 1.51

S N N s

(Carbinol(40,41) CH,O (%?Cl) 1,076 [3,5302] 2.92 | 0.695 | 7.478

(Carbitol CeHuOs | 0988 | 1,458 [4,783.5

Carbon dioxide(26) co, | Lot [ 89 [27526] 5, |07 | 14
@370 | @370l G5 37°0) | (-35°F)

(Carbon disulphide cs, | 1261|1149 [3,769.7 0278 | 2.991

(22°C)




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical . o Kinematic
Sound Speed | avpc | | Kinematic
Substance Formula SGprZilli?c ound spee v V1§cos1ty>< 10°
Y s | tus |misec| mis | s
(Carbon tetrachloride 1.595
e Ly | by | 929 | 30381 | 248 | 0607 | 6531
(Carbon
, 175 | 8752 |2,8715
tetrafluoride(14) CF,4 5 o Qo 6.61
(Froon 1) (-150°C) |(-150°C)| (:238°F)
Cetane(23) CrsHss (%g]é) 1338 [4380.8| 3.71 | 432 | 46483
(Chloro-benezene CHCL | 1106 | 1273 |4176.5| 36 | 0722 | 7.768
1-Chloro-butane(22,46)| C;H,CL | 0.887 | 1,140 |3,7402| 457 8'55023) (5529%
Chloro-diFluoromethane 1.491 893.9 12,932.7
(3)(Freon 22) CHCLF: | ooy | (-50°) | (Csgpy | +7°
(Chloroform(47) CHCL; | 1489 | 979 |32119| 34 | 055 | 5918
1-Chloro-propane(47) | CsH,cL | 0.892 | 1,058 |3.471.1 0378 | 4.067
(Chlorotrifluoromethane 724 123753
(5) CCLFs (82°0)|(-116°F)| 20
Cinnamaldehyde CoHgO 1.112 1,554 |5,098.4| 3.2
Cinnamic aldehyde CoH:0 | 1112 | 1,554 |5,0084| 32
(Colamine cHNO | 1018 | 1,724 [56562| 3.4
1047 | 1,541 |5,0558 429 | 46.16
o-Cresol(46) CHO | a0eey | 20°0) | (68°F) 40°C) | (104°F)
, 1034 | 1,500 |4,923.1 5979 | 64.334
m-Cresol(46) GHO 1 o0y | 20°0) | (68°F) (40°C) | (104°F)
(Cyanomethane GHIN | 0783 | 1,200 [42323] 41 | 0441 | 4745
Cyclohexane(15) CeH1r (%07(:9) 1248 |4,0945| 541 (llﬁé) }g;ﬂzi
(Cyclohexanol CHo | 0962 | 1454 [47703| 3.6 8'%75) (06'37“6;')
Cyclohexanone CeH;00 0.948 1,423 |4,668.6( 4.0
Decane(46) CioHao | 0730 | 1252 |4,107.6 (21(')%(6:) (16%3}5)
1-Decene(27) CioH | 0746 | 1235 |40518| 40
n-Decene(27) CoHao 0.746 1,235 |14,051.8| 4.0
Diacetyl cHO | 099 | 1236 |4055.1| 46




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77°F,

unless otherwise noted.

Chemical . Kinematic
Substance Formula zaeqﬁc Sound Speed AvPC Viscosityx10°
ubstanc VY s | fUs | msPC | ms | s
. . 8.5
Diamylamine CoHa3N 1.256 (4,120.7] 3.9 (68°F)
. 0.79
1,2Dibromo-ethane(47) C,H4Br, 2.18 995 | 32644 (20°C)
Ea%‘;s'l’z'D‘bmmoethene CHBr, | 2231 | 935 [3.067.6
Diburtylphthalate CsH»,04 1,408 |4,619.4
Dichloro-t-butylalcohol C4HgCLL,O 1,304 (4,278.2] 3.8
2,3Dichlorodioxane C,H¢C1,0, 1,391 |4,563.6| 3.7
Dichloeodifluoromethane 1.516
(3)(Freoni2) CCLF, (40°C) 774.1 (2,539.7] 4.24
1,2Dichloro ethane(47) C,H,Cl, 1.253 1,193 | 3,914 0.61 |[6.563
cis1,2-Dichloro-ethene
(3.47) CHCLF 1.284 1,061 | 3,481
trans1,2-Dichloro-ethene C4CLF, 1257 1,010 [3313.6
(3.47)
Dichloro-fluoromethane 1.426 891 [2,923.2
3)(Freon21) CHCL L o0y | 000y | 32y | 37
1-2-Dichlorohexafluoro-
cyclobutane(47) CCIF-CCIF{ 1.654 669 12,914.9
1-3-Dichloro-isobutane C4H;00 1.14 1,220 |4,002.6( 3.4
Dichloro methane(3) C4H;00; 1.327 1,070 (3,510.5| 3.94 | 0.31 |3.335
1,1-Dichloro-1,2,2,2 665.3 (2,182.7
tetra fluoromethane CeHis0s 1.455 (-10°C) | (14°F) 3.73
Dicthyl ether C4HoNO 0.713 985 13,231.6| 4.87 | 0.311 [3.346
Dicthylene glycol CHs(NF2p| 1.116 1,586 |5,203.4| 2.4
Diethylene glycol
Monocthyl ether CHyNE),| 0.988 1,458 14,783.5
Dicthylenmide oxide C3H¢(NE>), 1.00 1,442 | 4,731 3.8
1,2-bis(DiFluoramino)
butanc(43) CioHaN 1.216 1,000 |3,280.8
1,2-bis(DiFluoramino)-
> methylpropanc(43) C,H,Br, 1.213 900 ]2,952.8
1,2-bis(DiFluoramino)
propanc(43) C,H,Br, 1.265 960 13,149.6




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.
Chemical . Kinematic
Subst Formula Sp801ﬁc Sound Speed | Av/C Viscosityx10°
oanee Gravity ™05 s | mis°C | mis | %
2,2-bis(Difluoromino
oropane(43) ICsHo(NF2)o| 1.254 890 2920
2,2-Dihydroxydiethyl ether| C4H;003 1.116 1,586 [5,2034| 2.4
Dihydroxyethane C,HgO, 1.113 1,658 [5,439.6| 2.1
. 0.868 1,343 (4,406.2 0.749 | 8.059
1,3-Dimethyl-benzene(46) | CgH,o a50) | o) | 6s8°F) (15°C) | (59°F)
1,2-Dimethyl-benzene 0.897 0.903 | 9.716
(39.46) oo | ogeey [13315[43684) 41 | 00 | 6o
1,4-Dimethyl-benzene(46) | CsHio (12’303(‘:‘) ‘26387%’ 0.662 | 7.123
2,2Dimethyl-butane 0.649
(5933 CeHi4 (20°C) 1,079 | 3,540
Dimethyl ketone C;HsO 0.791 1,174 [3,851.7] 4.5 0.399 | 4.293
Dimethylpentane(47) C;Hys 0.674 1,063 (3,487.5
Dimethylphthalate CsH 004 1.2 1,463 (4,799.9
Diiodo-methane CHal, 3.235 980 |[3,215.2
Dioxane C4HgO, 1.033 1,376 |(4,514.4
Dodecane(23) CpHag 0.749 1,279 (4,196.2] 3.85 1.80 119.368
1,2Ethanediol C,H¢O, 1.113 1,658 [5,439.6] 2.1
[Ethanenitrile C,H5N 0.783 1,290 (4,232.3 0.441 | 4.745
Ethanoic anhydride(22) (CH;COX0 1.082 1,180 [3,871.4 0.769 | 8.274
[Ethanol C,HsO 0.789 1,207 | 3,690 4.0 1.39 |14.956
Fthanol amide cHNO | 1018 (lzfgfg) 5.6562| 3.4
Ethoxyethane CHwo | 0713 (29(;?%) 3231.6| 4.87 | 0311 | 3.346
Ethyl acetate(33) CH0, | 0.901 (;OZ,%) 3,559.7| 4.4 | 0489 [ 5263
Ethyl alcohol C,HsO 0.789 890 | 3,960 [ 4.0 1.396 | 15.020
0.867 4,389.8 0.797 | 8.575
Ethyl benzene(46) CsHjo 20°C) 1,586 (68°F) A7°C) | (63°F)
Ethyl Bromide(46) C,HsBr (lz'gfc(’) 1,658 2(69852Ff (%]g) (26';’053)
Ethyliodide(46) CHil (12'305(?) (lz’gj‘é) (égzg) 029 | 3.12




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical . Kinematic
Formula | Specific Sound Speed | AvC Viscosityx10°
Substance Gravity > >
m/s ft/s m/s°C | m7s ft'/s
Ether C4H,00 0.713 985 |[3231.6( 4.87 [ 0311 | 3.346
Ethyl ether C4H;00 0.713 985 |3231.6| 4.87 | 0.311 | 3.346
Ethylene bromide(47) C,H4Br, 2.18 995 |[3264.4 0.79 8.5
Ethylene chloride(47) C,H4Cl, 1.253 1,193 | 3914 0.61 6.563
17.208 |185.158
[Ethylene glycol C,H¢O, 1.113 1,658 [5439.6| 2.1 0°C) | (68°F)
d-Fenochone CioH;60 0.974 1,320 |4330.7 0.22 | 2.367
d-2-Fenechanone CioH160 0.974 1,320 |4330.7 0.22 | 2.367
. 0.545 403 | 13222
Fluorine F C1430) | argl225°F) 11.31
1.024 0.584 | 6.283
Fluoro-benzene(46) CgHsF (20°C) 1,189 {3900.9 20°0) | (63°F)
[Formaldehyde,methylester | C,H4O, 0.974 1,127 [3697.5| 4.02
Formamide CH;NO (12'5(,35‘) 1622 |5321.5| 22 | 291 |31311
Formic acid,amide CH;NO (12-5035‘) 1,622 | 5321.5 291 31311
Freon R12 774.2 | 2540
Furfural CsH40, 1.157 1,444 |4737.5 3.7
Furfuryl alcohol CsHqO, 1.135 1,450 |4757.5 34
[Fural CsH40, 1.157 1,444 47375 3.7
2-Furaldehyde CsH40, 1.157 1,444 (47375 3.7
2-Furancarboxaldehyde CsH40, 1.157 1,444 (47375 3.7
2-Furyl-Methanol CsH¢O» 1.135 1,450 [4757.2 34
. 2,870 | 9416
GAllium Ga 6.095 (30°C) | 86°F)
Glycerin C3H305 1.26 1,904 [ 6246.7| 2.2 757.1
Glycerol C;HgOs 1.26 1,904 | 6246.7| 2.2 757.1
Glycol C,HeO, 1.113 1658 |5439.6( 2.1 8’03861'8
50%Glycol/50%h20 1,578 | 5,177 3,081.83:




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.
Chemical . o Kinematic
Subst Formula Spemﬁc Sound Speed | Av/°C Viscosityx107
ubsianee Gravity m/s ft/s m/s°C | m¥s ft’/s
. 0.125 | 183 | 600.4
Helium(45) Hes (-269°C) | (2690 (-a52°F) 0.025 269
Heptane(22,23) CiHe (g'go%‘) 1,131 | 37106 | 4.25 (g-gfg) (66-33;‘)
h-Heptane(29,33) CiHie (g-gfé) 1,180 |3871.3| 4.0
[Hexachloro-
Cyddopentadienc(47) cscls | 17180 | 1,150 | 3,773
Hexadecane(23) CreHss (g-g]g) 1,338 | 4380.8 | 3.71 (g(']%é) ‘(‘gé‘ig
Hexalin CeHRO | 0962 | 1454 |47703| 3.6 (71‘;;,63) 7(%‘;8;;)2
Hexane(16,22,23) CeHis | 0659 | 1,112 |3,6483 | 271 | 0446 | 4.798
h-Hexane(29,33) CeHua (g'gfg) 1,079 | 3,540 | 4.53
2,5Hexanedione Ce¢Hi9O2 ] 0.729 | 1,399 | 4,589.9 3.6
n-Hexanol CgH 40 0.819 | 1,300 | 4,265.1 3.8
131 | 14.095
[Hexahydrobenzene(15) CeHia 0.779 | 1,248 [4,094.5| 5.41 aro | 63°F)
[Hexahydrophenol CeH120 | 0.962 | 1454 |4,770.3
[Hexamethylene(15) CeHi 0.779 | 1,248 | 4,094.5 (117%6 2239,%
0.071 | 1,187 | 3,894.4 0.003 | 0.032
Hydrogen(45) B 5600) [ (256°0) (-429°F) (-256°C) | (-429°F)
1.047 | 1.541 | 5,055.8 429 | 46.16
2-Hydroxy-toluene(46) C;HsO 20°0) |20°0) | (68°F) @0°C) | (104°F)
1.034 | 1,500 | 49213 5979 | 64334
3-Hydroxy-toluene(46) CgHsl 20°0) |20°C) | (68°F) 40°0) | (104°F)
lodo-benzene(46) CHsl | 1.823 éﬂ&jé) 3(’6685:;)9 0.954
lodo-ethane(46) CH;l (12-3058) (28(;,%) (26’883;) 029 | 3.12
lodo-methane CoH1,0 (226%2) 978 |3,208.7 0211 | 227
isobutylacetate(22) Hey (12,71"8C0) 3(’;]11]:;‘ 4.85




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Croie e | soma syt e | Knemic
Substance Gravity = 05T fus |msC| ms | fels
isobutanol CsHy0 (g(fjé) 1212 |3,.976.4
Iso-Butane 1,219.8| 4002
lsopentane(36) CsHp (g(')?,é) 980 [32152| 48 | 034 | 3.658
lsopropano(46) C3HO (g-gfg) (12’(}38) 3225;) 2718 | 29.245
Lsopropy! alcohol(d6)| C3HsO (g-gfg) (12’01078) 3(6%35;)6 2718 | 29.245
IKerosene 0.81 1,324 [4,343.8] 3.6
IKetohexamethylene CsH100 0.948 1,423 (4,668.6] 4.0
Lithium fluoride(2) |  LiF ébﬁé) ?16155221:9) 129
Mercury(45) Hg 13.594 (12’2‘3'(:9) ‘:’775503}5)9 0.114 | 1226
Mesityloxide CeHiO | 085 | 1,310 [4,297.9
Methane(25,28,38,39)|  CH, (f)g;fé) (-QS‘JSC) (%’13228%;) 175
Methano(40,41) CH,0 (%-gfcl) 1,076 |3,5302| 2.92 | 0.695 | 7.748
Methyl acetate GH©O, | 0934 | 1211 [3,973.1 0.407 | 4379
- 0.999 3394 47279
0-Methyaniline(46) C7HoN 20°0) 1,618 [5,308.4 20°C) | (68°F)
4 Methyaniline(46) | C;HsN (%595’5) 1,480 |4,855.6 (ls-gfg) (21%’?1:5)
Methyl alcohol(40,44) CH,O (g-gfcl) 1,076 [3,530.2| 2.92 | 0.695 | 7.478
Mothyl 1328 | 4357
oeone(16.52) CHy [ 0867 | 50 | G | 427 | 064 | 7144
b-Methyl-butane(36) | CsHy (gbfé) 980 [3,215.2 034 | 3.658
Methy carbinol CHO | 0780 | 1207 [ 3960 | 40 | 1.396
Methy-chloroform(47 CoH5Cl 133 985 |3.231.6 ((;go()g) (9687001?)
Methyl-cyanide GHN | 0783 | 1,200 (42323 0441 | 4745
3-Methyl CHuo | 092 | 1,400 [4,593.2
cyclohexanol




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical o Kinematic
Substance Formula Spemﬁc Sound Speed | Av/°C Viscosityx107®

Gravity 1" s T s |misec| miis | s
Methylene chloride3)| CH.CL | 1327 | 1,070 3,510 | 394 | 031 | 3335
Methylene iodide CH,l, 3.235 980 |3,215.2
Methyl formate(22) | C,H,O, (2'3075‘) 1,127 |3,697.5| 4.02
Methyl iodide CH;l (226%2) 978 |3,208.7 0211 | 227
a-Methyl naphthalene | C;1H;o 1.090 1,510 |4,954.1| 3.7

1047 | 1,541 [5,0558 729 | 46.16
2-Methylpheno(46) C;HzO 20°C) |20°C)| (68°F) (40°C) | (104°F)

1034 | 1,500 [4,021.3 5979 | 64334
3- Methylpheno(46) | C/H:O | 50y | (2000 | (68°F) (40°C) | (104°F)
IMilk,homogenized 1,548 | 5,080
[Morpholine C4HoNO 1,442 | 4,731 3.8
Naphtha 100 | 1,225 | 4,001
[Natural Gas(37) 0.76 2 17 053%0 (%’1457;1125)

0316 | 595 |1,952.1
Neon(45) Ne (103°C) [(246°0)|(-411°F)
Nitrobenzene(46) | CeHsNO, (_lz-fé‘?,é) (12’6‘015) ‘;’66;,%;‘ 1514 | 1629
; 1204 | 962 [3,1562 0217 | 2334
Nitrogen(45) N ] @oro) [corol326°F) (-199°C)| (-326°F)
Nitromethane(43) | CHsNO, (_01;3%) 1300 [4.265.1] 40 | 0549 | 5.90
Nonane(23) CoH,0 | 1.135 | 1,207 | 3,960 | 4.04 (%ﬁg) }gg?,%
1-Nonene(27) CoHig (%golg) 1207 | 3,960 | 4.0
Octane(23) CsHig (%fg) 1172 [3.845.1| 414 | 073 | 7.857
1-OCtane(29) CsH (Oz-gfg) 12125 3,978 | 3.50 | 0.737 | 0.930
1-0Ctane(27) CsHs 1,1755|3.856.6| 4.1
Ol of Camphor 174 | 1,390 |4.560.4| 3.8
Sassafrassy
OiLCar(SAE202.30) 0060 | 870 |2.8543 190 |2.405.93
0il,Castor CiH1oOr0 1,477 |4.854.8] 3.6 | 0.670 | 7.200




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical . Kinematic
Sub Formula | Specific Sound Speed AviC Viscosityx10°
wostanee Gravity = s | s | misC | ms | fos
Oil,Diesel 0.80 1,250 4,101
Oil,FueiAA gravity 0.99 1,485 4,872 3.7
Oil(Lubricating x200) 1,530 | 5,019.9
0il(Oive) 0912 1,431 4,6949 | 2.75 100 1’06756'3
Oil(peanut) 0.936 1,458 | 4,783.5
Oil(Sperm) 0.88 1,440 | 4,724.2
. 1,509 4,951
0il.6 20 | 72°F)
2,2-Oxydiethanol CH;(05 1.116 1,586 | 5,203.4 2.4
1.155 952 3,123.4
Oxygen(45) 0, 1860 | 186°0) | ((303°F) 0.173 | 1.861
[Pentachloro-ethane(47) C,HCls 1.687 1,082 3,5494
pentalin(47) C,HCls 1.687 1,082 | 3,549.4
0.626
Pentane(36) CsH), (20°C) 1,020 | 3,346.5 0.363 | 3.905
h-pentane(47) CsHi, | 0557 | 1,006 | 3,3005 0.41 |4.413
Perchlorocyclopentadiene(47) | CsClg 1.718 1,150 3,773
Perchloro-ethylene(47) C,Cly 1.632 1,036 3,399
Perfluoro-1-Hepten(47) C7Fy4 1.67 583 1,912.7
Perfluoro-n-Hexane(47) CsHy4 1.672 508 1,666.7
Phene(29,40,41) CeHe 0.879 1,306 | 4,284.8 | 4.65 [ 0.711 | 7.65
b-Phenyl acrolein CoHgO 1.112 1,554 | 5,098.4 32
[Phenylamine(41) CeHsNO, | 1.022 1,639 | 5,377.3 4.0 3.63 [39.058
Phenyl bromide(46) CeHsBr | 1522 (12’5]8) 3(65;381:)6 0.693 | 7.465
[Phenyl chloride CeHsCl 1.106 1,273 | 4,176.5 3.6 0.722 | 7.768
L 1,114 | 3,654.9 0.954 110.265
[Phenyl iodide(46) CgHsl 1.823 (2’00(:) (’GSQF) (15°C) | (59°F)
0.867 1,328 4,357
Phenyl methane(16,52) C7Hg 200y | 20°0) | (63°F) 427 |[0.644 | 6.929
3-Phenylpropenal CoHgO 1.112 1,554 | 5,098.4 32




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical Kinematic
Substance Formula Speciﬁc Sound Speed AVPC Viscosity<10°
Gravity m/s ft/s m/s”C m’/s /s

Phthalardione CsHL0s (11’512%(5:) (g’(’gﬂ;)
Phthalic acid,anhydride | CgH.O; (11’512%(5:) (;6%90;)
Phthalicanhydride CsH40; (11’512%(5:) (3?6%2]];)
Pimelicketone C¢H ;0O 0.948 1,423 14,668.6] 4.0
Plexiglas,Lucite, Acrylic 2,651 | 8,698
PolyterpencResin 0.77 1(1%(9)?3 (3322?';; 39,000 | 419,500

. . 1,169 |3,835.3 715CP 7.693
Potassium bromide(42) KBr (92)00@ (1,652°F) 0.71 (900°C) | (1652°F)
Potassium fluoride(42) | KF ('9;@(2:) flggfs) 1.03
Potassium iodide(42) Kl (9%3,?@ (31253211?) 0.64

. . 1.859 [1,740.1| 5,709 1.19 12.804
Potassium nitrate(48) KNO; 352°C) | 352°0) | (666°F) 1.1 (327°0) | (621°F)
Propane(2,13) CH 0.585 1,003 |3,290.6 57
(45°t0-130°C) s | 50y | 4500 | Casery| >
1,2,3-Propanetriol C3HgO5 1.26 1,904 16,246.7( 2.2 000757

0.78 1,222 14,009.2
1-Propanol(46) C3H30 (20°C) (2’0"C) (,68°F)
b-Propanol(46) C3H{O (%gfcs) (12’507(% 3(863881?) 2718 | 29.245
b-Propanone CHO | 0791 | 1,174 [3.851.7| 45 | 0399 | 4203
0.563 963 |3,159.4

Propene(17,18,35) CsHg 130 |13°0)| (9°F) 6.32
IN-propyl-acetate(22) CsH;00, %i%?j()) (%61"9]?) 4.63
In-propyl-alcohol C3HgO (gozg) (12’0202(?) 412)80091:)2 2.549 | 27.427
propylchloride(47) C;H,Cl1 0.892 1,058 [3,471.1 0.378 4.067
bropylene(17,18,35) CsHq (?1‘;5;3(6;) (_(1’36030 36521254 632




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Substance ?;?::1321 SGpr z ill? ; Sound Speed AvPC \zfgclg:giul%é
m/s fis | msPC | ms | Rk
Pyridne CeHsN 0.982 1,415 | 4,642.4 4.1 (g(?‘?(?) iggiz:z;
Refrigerant11(3,4) CCI;F 1.49 ?gngci 2(’37210;;5 3.56
Refrigerant12(3) CCLLF, (_14(5)3 C6) (7“7;,&) ?:ZS?FZ 4.24
Refrigerant14(14) CF, (_11 5;,5(:) 317550?3) (%’283781".13) 6.61
Refrigerant21(3) CHCLF :Oﬁé? ((%‘?(13) 2(3922031:')2 3.97
Refrigerant22(3) CHCIF, (}Gi?é) (85%?,(?) (21’323;) 4.79
Refrigerant113(3) CCLF-CCIF,|  1.563 Zg‘?C; 2(’3527011:')2 3.44
Refrigerant114(3) CCIF-CCIF,| 1.455 :16 05:’3) z(llfozlrz 3.73
Refrigerant115(3) C,CIFs (_655 (;é) ?_’;;3;; 4.42
RefrigerantC318(3) C4Fg (_;'0602& (_fg:‘ ) l(fﬁfé 3.88
Selenium(8) Se (]2’5%3(2?) é;g;l:l) 0.68
Silicone(30cp) 0.993 990 | 3,248 30 322.8
Sodiumfluoride(42) NaF 0.877 (12(33(?);"2@ (?;;8332(1;) 1.32
e I s ey e
Sodiumfluoride(48) | NaNO, (21(')29(5:) (123263 (65;§7F5)
Solvesso#3 0.877 1,370 | 4,494.8 | 3.7
Spiritofwine C,HsO 0.789 1,207 | 3,960 4.0 1.397 | 15.02
Suttr75.10 s A P e
SulfueicAcid(1) H,S0,4 1.841 ]1,257.6] 4,126 1.43 | 11.16 | 120.081
Tellurium(7) Te ( 495?)01(:) (Séfé iF3) 0.73




Table A7 (continued): Sound Speed of Liquids

All data given at 25°C(77° F) unless otherwise noted.

Chemical Kinematic
Formula | Specific Sound Speed | AvC Viscosityx10®
Substance Gravi
Y s | s [ msec | mis | R
1,1,2,2-Tetrabromo-
ethanc(47) C,H,Bry | 2.966 | 1,027 [3,369.4
1,1,2,2-Tetrachloro- 1.156 | 12.438
cthanc(67) CH,Cl, | 1.595 | 1,147 [3,763.4 (15°C) | (59°F)
1.553 | 1,170 |3,838.6
[Tetrachloroethane(46) C,H,Cly 20°0) | 20°C) | (68°F) 1.19 12.804
[Tetrachloro-ethene(47) C,Cly 1.632 1,036 | 3,399
[Tetrachlor-Methane 1.595
(33.47) CCly 20°0) 926 |3,038.1 0.607 | 6.531
0.763 | 1,331 |4,366.8 2.86 | 30.773
[Tetradecane(46) Cl14H50 20°C) | 20°0) | (68°F) 20°0) | (68°F)
[Tetracthylene glycol CgH 305 1.123 1,568 [5,203.4] 3.0
[Tetrafluoro-methane(14) CF 1.75 |875.24|2,871.5 6.61
(Freon14) 4 (-150°C) | (-150°C) |(-238°F)[
[Tetrahydro-1,4-isoxazine | C4zHoNO | 1.000 | 1,442 [ 4,731 3.8
0.867 | 1,328 | 4357
[Toluene(16,52) C7Hg 20°0) | 20°) | (65°F) 427 | 0.644 | 6.929
L 0.999 4394 | 47.279
o-Toluidine(46) C;HoN (20°C) 1,618 | 53084 20°C) | (68°F)
L 0.966 1.863 | 20.053
p-Toluidine(46) C;HoN (45°C) 1,480 (4,855.6 (50°C) | (122°F)
[Toluol C7Hg 0.866 | 1,308 |4,291.3| 4.2 0.58 6.24
[Tribromo-methane(46,47)] CHBr; (220§?:) 918 [3,011.8 0.645 7.037
1,1,1-Trichloro- 0.902 | 9.705
othane(47) C,H;Cl3 1.33 985 13,231.6 20°) | (68°F)
[Trichloro-ethene(47) C,HCl3 1.464 | 1,028 |3,372.7
[Trichloro-fluoromethaen 828.3 |2,171.5
(3)(Freonl 1) CCLE 1149 1 o0y | (320F) | 30
[Trichloro-methane(47) CHCls 1.489 979 13,2119| 3.4 0.55 5918
1,1,2-Trichloro- CCLF-CC 1563 783.7 12,571.2
1,2,22-Trifluoro-Etham F, ) (0°C) | (32°F)
[Triethyl-amine(33) CeHisN | 0.726 | 1,123 |3,684.4( 4.47
[Triethyleneglycol CeH 404 | 1.123 1,608 [5,275.6] 3.8




