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Measuring Steam Consumption
with an Alarm Clock




Measuring Steam Flow can be
Challenging

* 15 psig saturated steam is at approximately 250°F
* 50 psig saturated steam is at approximately 298°F
« 150 psig saturated steam is at approximately 366°F

High Velocities
* Noise
* Erosion, especially if not dry
 Damage due to water hammer
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ot the pipe.
Tab Handle

Orifice Plate

Measuring
Orifice

Figure 4-1: Concentric orifice plate
The general shape of the plate is such that the upstream and
downstream faces of the plate are flat and parallel (Figure
4-2).
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Upstream
Downstream Face

Figure 4-2: Orifice plate geometry
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1D - %2 D Taps

Corner Taps

Flange Taps
Figure 4-3: Orifice plate tap arrangements



e Orifice Plate
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Flow Coefficient C for Square Edge Orifices and Nozzles?

C - Flow Coefficient

Flow Coefficient C for Square-Edge Orifices

100000 1000000
Re - Reynolds number based on pipe diameter

Calculated from equations presented in ASME MFC-3Ma-2007
Note: Most accurate when pipe diameter is greater than 2.8 inches.
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Differential Pressure Flow Meters

% D taps

Flow Dirg @ B——>

lowp 0.25B<05
Figure 4-4: Long radius flow nozzles
ellipse with a large major axis diameter. The low B nozzle
follows the shape of a quarter ellipse with a smaller major
axis diameter.

The standard tap locations for long radius nozzles place the
upstream tap at one pipe diameter from the plane of the inlet
face of the nozzle, and the downstream tap at one half pipe
diameter from the plane of the inlet face of the nozzle.

ISA 1932 nozzles: The ISA 1932 nozzle is similar in shape to

the long radius nozzle with the exception of the convergent
section, which has a rounded profile as opposed to elliptical
(Figure 4-5).

Annular Slots

Flow Dir2 & @l—-—

Discrete Corner Taps

Figure 4-5: ISA 1932 flow nozzle

There is also an optional recess around the inside
circumference- of the nozzle outlet which is designed to
prevent damage to the edge.

Corner taps are used with the ISA 1932 flow nozzle. These
corner taps can either be single discrete taps, or annular
slots as shown in Figure 4-5.

Venturi nozzles: The venturi nozzle consists of a convergent
section with a rounded profile (exactly like the ISA 1932
nozzle), a cylindrical throat, and a divergent section (Figure
4'6) Annular Slots

/Curner Tap

Flow Dir @ B—

Throat Taps

Discrete Corner Taps
Figure 4-6: Venturi nozzle

The venturi nozzle design delivers a lower permanent
pressure loss than either the long radius nozzle or ISA 1932
nozzle. The upstream pressure taps for a venturi nozzle
are corner taps. They can be either single discrete taps, or
annular slots. The downstream pressure taps are located in
the throat section, and are referred to as the throat pressure
taps.

Limits of Use: The formulas for standard flow nozzles in
this chapter can be applied under the following geometry
and flow conditions:
For long radius nozzles:
a. 2inch <d,<25inch
b. 020<p=<0.80
c. 1x10*<R <1x107
d. e/d,<32x10*
For ISA 1932 nozzles:
a. 2inch <d,<20inch
b. 0.30<p=<0.80
c. 7x10*<R <1x107for0.30 < p<0.44
d 2x10'<R <1x107for 0.44 < B <0.80
For venturi nozzles:
2.5inch < d, < 20 inch
d, = 2inch
0.316 < <0.775
15x10° <R, <2x10°

Flow nozzles are dimensionally more stable than orifice
plates, and as such can handle high temperature and high
velocity service applications. Flow nozzles can also handle
higher flow capacities; however, like orifice plates, they are
sensitive to flow conditions. Therefore it is recommended
that they be installed in a straight length of pipe which is
free of obstructions, valves, and fittings. A table of straight
lengths between nozzles and fittings can be found in the
ASME MFC-3M standard.?”
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Steam Becomes Condensate

Metering condensate can be an
option

Video and .giff courtesy Lincoln Meters; http://www.lincolnmeter.com/




Steam Becomes Condensate

Metering condensate can be an
option

Images courtesy Cadillac Meters;
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Potential Condensate Metering Issues

* Meter bypass open




Potential Condensate Metering Issues

* Meter bypass open
* Check valve doesn’t hold
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Potential Condensate Metering Issues

* Meter bypass open
« (Check valve doesn’t hold
« (Condensate leaks
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Potential Condensate Metering Issues

 Meter bypass open
« (Check valve doesn’t hold
« (Condensate leaks




Potential Condensate Metering Issues

* Meter bypass open
« (Check valve doesn’t hold
« (Condensate leaks

* (Condensate return system
failures
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Potential Condensate Metering Issues

Birge Hall Steam Load Assessment

* Meter bypass open
» Check valve doesn’t hold mn e P
 (Condensate leaks

 (Condensate return system
failures

* Engineering units are wrong

WLM

Pounds Per Hour

-000

4,000
3,000
2,000
1,000

0
5/19/2011 0:00 5/20/2011 Onn

Mh"*i

. ||| LM !
0 \

5/17/2011 0:00 5/24/2011 0:00




Condensate Pump + Alarm Clock = Meter

Chuck McClure
10
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Condensate Pump + Alarm Clock = Meter

Chuck McClure

Y | | noin

« Each pump cycle = Known . i Bl
Volume/Mass of Condensate | |

» Cycles per Hour x Mass =
Pounds per Hour




Let's Try It

A Few Resources

* The Technique
https://tinyurl.com/MeasureSteamWithAlarmClock

« Steam Charts and Table
https://tinyurl.com/SteamTableAndCharts

» Hourly Weather Data
https://tinyurl.com/HourlyWeatherData




Meet Our Condensate Pump

Field Notes:

« Condensate receiver dimensions ;
« 38" high ‘
« 38" wide

 Level change per cycle — 3-5/8”

* Typical cycle time — 13 seconds




Deploying the Logger

Considerations
Type of Logger?




Deploying the Logger

Considerations

 Type of Logger?
«  Safety?
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Deploying the Logger

Considerations

Type of Logger?
Safety?
Sampling Frequency?




What You Sense is What You Get;

AC-3, January 6, 2006

‘ 5 minute data
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What You Sense is What You Get;
Maybe ...

AC-3, January 6, 2006

1 minute data
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Flow, gpm; Command, % Open;
Status, 0% = Off, 100% = On
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=—{JF=—AC-3 Chilled Water Valve Command, 5 minute data AC-3 Chilled Water Valve Command, 1 minute data




What You Sense is What You Get;
Or Maybe Not!

AC-3, January 6, 2006

1 minute data
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What You Sense is What You Get;
Or Maybe Not!

AC-3, January 6, 2006

1 minute data
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Bottom Lines

At this sampling rate, the wave form:
1. Will be about the right shape

2. May be shifted in time from the actual wave form depending on where the samples were
taken in the cycle




The Nyquist Theorem a.k.a the Sampling Theorem
The Theory Behind the Generalization

f.>2xf

Where:

f. = The sampling frequency

f = The highest frequency contained in the signal

In words:

The sampling frequency should be at least twice the highest
frequency contained in the signal.



Aliasing; Also a Concern with Binary Data; An Example

* A data logger has been installed to log feed water pump operation to develop
a boiler load profile

* The slides that follow use a spreadsheet model to compare the number of

pump cycles and total operating time predicted by data from a logger with the
real time data stream

— The logger only knows what it sees at the time it takes its sample

— The logger is not averaging data between samples

— The logger sampling time starts out at twice the feed water pump run cycle time and is
reduced to one third of the feed water pump run cycle time
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Bottom Lines

If the sampling rate is to slow:

1. The operating pattern predicted by the logger data will not match the actual operating
pattern.




Bottom Lines

If the sampling rate is to slow:

2. The number of cycles predicted by the logger data will not match the number of cycles that
actually happened




Bottom Lines

If the sampling rate is to slow:

3. The total run time for the pump predicted by the logger data will tend to be more than the
actual run time
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Real T|me Feed Water Pump Amps
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Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:

1. The number of cycles and the total run time predicted by the logger now are in agreement
with reality

Gallons per Minute x Minutes = Gallons

This assumes the flow rate is constant any times the pump runs, which is reasonable if
the boiler pressure is steady and the head above the pump in the feed water tank does
not vary much




Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:

1. The number of cycles and the total run time predicted by the logger now are in agreement
with reality

Gallons per Cycle x Cycles = Gallons

This assumes the on cycle for a typical feed water pump cycle is the same all the time,
which is reasonable if the pump is controlled by a consistent level change and pumps
at a relatively steady rate




Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:

2. The operating pattern predicted by the logger data still does not match the actual operating
pattern although it is closer.

— How close the patterns match with the sampling rate set to the Nyquist suggested value is
generally related to when the logger samples relative to the start of a pump operating
cycle
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Real T|me Feed Water Pump Amps
vs. Logged Amps
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Bottom Lines

With the sampling rate set to a value that is significantly faster than what is
suggested by the Nyquist Theorem:

1.  The pattern predicted by the logger is a much closer match to the actual operating pattern

For more on aliasing, see Aliasing and Other Factors Affecting the Accuracy of Field Data at
www.Av8rDAS.Wordpress.com




Demonstration

How to import a a logger file into
Excel

How to do some data validation
How to add a second data stream

How to find hourly weather data

. WUSM_W_BIdg_Cond_Pump_20091008t020091012.txt - Notepad = O X

File Edit Format View Help

"Plot Title: WUSM W Bldg Cond Pump"
"#" "Date Time, GMT-07:00","AC Curr, Amps (LGR S/N: 2223354, SEN S/N: 2223354)" "Host Connected
(LGR S/N: 2223354)" "End Of File (L6R S/N: 2223354)"
1,10/08/09 11:08:48 AM,10.940,,
2,10/08/09 11:08:56 AM,10.691,,
3,10/08/09 11:09:04 AM,11.082,,
4,10/08/09 11:09:12 AM,11.062,,
5,10/08/09 11:09:20 AM,10.867 ,,
6,10/08/09 11:09:28 AM,10.745,,
7,10/08/09 11:09:36 AM,10.740,,
8,10/08/09 11:09:44 AM,10.745,,
9,10/08/09 11:09:52 AM,10.759,,
10,10/08/09 11:10:00 AM,11.360,,
11,10/08/09 11:10:08 AM,11.814,,
12,10/08/09 11:10:16 AM 9.407,,
13,10/08/09 11:10:24 AM,10.867,,
14,10/08/09 11:10:32 AM,10.716,,
15,10/08/09 11:10:40 AM,11.336,,
16,10/08/09 11:10:48 AM,11.018,,
17,10/08/09 11:10:56 AM,10.413,,
18,10/08/09 11:11:04 AM,10.813,,
19,10/08/09 11:11:12 AM,10.608,,
20,10/08/09 11:11:20 AM,10.330,,
21,10/08/09 11:11:28 AM,10.921,,
22,10/08/09 11:11:36 AM,11.741,,
23,10/08/09 11:11:44 AM,10.408,,
24,10/08/09 11:11:52 AM,10.906,,




Break-out Session

* The three logger files provided with
the class materials

* The resources listed previously

* Your tremendous excitement to try
your hand at doing this

B B B - | Exercise Materials

Home Share View
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Navigation
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pane

Sort
by ~

~ [ Item check boxes
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Panes Layout Current view

Logger Based ... » Exercise Materials
Tridium 2
UC Davis 2019-2020 EBCx
UCB_BirgeHall_B260
Writing - One Drive
@ This PC .WUSM_W_B|dg_
Cond_Pump_200

91008t02009101
@ A360 Drive (Av8rdave) 2.txt

. # 3D Objects

.m Desktop

.5 Documents
4 Downloads

.. Music

.= Pictures

. B Videos

205 (C)

= DATA (D3)

3 items

WUSM_W_Bldg_

Cond_Pump?2009
1012th20091016.
txt

File name extensions

Hidden items

Hide selected Options
items v

Show/hide

Search Exercise Materials

WUSM_WBIdg_A
HU1_PHLAT 1_C
CLAT 2.txt




Break-out Session

Do the following: e
1. Import the two condensate pump mvwovcor [ - || | M 0 oo

File name extensions

files into Excel and combine e Bt o T T e
them so the data strings are
consecutive ¢ ’

e UC Davis 2019-2020 EBCx
UCB_BirgeHall_B260

2. Retrieve hourly weather data for | _
St_ LOUIS for the data range % This PC WUSM W Bldg  WUSM W Bldg_  WUSM WBIdg A

] Cond_Pump_200 Cond_Pump2009 HU1_PHLAT_1_C
. » 3D Objects 91008t02009101  1012th20091016. CLAT 2.txt

3. Use VLOOKUP to add the

. m Desktop

outdoor air temperature to each

4 Downloads

logger data sample

.= Pictures

4. Plot a data validation chart with e

pump cycles and outdoor air
temperature

5. Be ready to discuss your
observations with the class




