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1.0 INTRODUCTION

Congratulations! You have purchased a high-quality product from BIOS
International Corporation. BIOS develops powerful technologies for flow
measurement and sampling personal and environmental chemical hazards.
The performance features found in the BIOS line of equipment offer
convenience, versatility and the assurance of valid data.This manual contains
operation and maintenance information for the DryCal primary air flow meter.

1.1 SAFETY PRECAUTIONS:

CAUTION!

Please read all warnings and instructions indicated in this manual before
operating equipment or plugging into an electrical outlet. Failure to do so may
cause permanent damage to the equipment, personal injury or void warranty
rights. Retain all operational documentation for future reference.

WARNING! ‘

The BIOS DryCal primary flow meters employ rechargeable batteries.
Operation and recharging of this battery system should be accomplished in
accordance with the equipment or charger labeling, with the appropriate BIOS
wall-mounted charger. Use of this equipment for purposes other than indicated
in this manual or on product labeling, may cause personal injury and will void
any warranty rights to the user, owner or personnel associated with the use of
this product. Do not operate any BIOS equipment in excessive chemical or
water vapor atmospheres. Failure to follow instructions may cause permanent
damage to equipment. Do not service this product yourself unless you are a
certified BIOS Repair Service Technician in compliance with BIOS standards
and procedures. Servicing your unit may void all warranties and rights. Please
contact a BIOS Customer Service Representative at (800) 663-4977 to schedule
any technical repairs.

NOTE!

DryCal flow meters require special handling when being transported or shipped
by air. Refer to Section 7.4, “Shipment of Equipment”, for recommended
instructions.
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1.2 UNPACKING CHECKLIST:

Your quality BIOS product has been packaged with care and includes all
components necessary for full operation. Please take a moment to check that
you have received the following items. If you believe you have not received a
full shipment or have questions, please contact your customer service
representative immediately.

The DryCal comes in an attache-styled protective case. The case has a foam
insert with cutouts provided for the following:

»  DryCal electronics base with Flow Cell

e Additional cells (optional)

»  Single-Station Battery Charger (12 VDC)

»  Damper

o Tubing, leak test tubing

o Printer with charger and cable (optional)

o Instruction Manual, Warranty Card, “Quick-Start” Card

e NIST Certification document.

NOTE: The DryCal should always be transported and shipped in its case fo
provide maximum protection and extend service life.

1.3 GENERAL SETUP:

Before using the DryCal Calibrator:

1. Remove the instrument and its charging unit from the case.

2. Remove the air boss protective caps.

3. Charge the battery. (See section 3.1, “Charging the Battery”).

NOTE: The instrument can be operated after 20 minutes of initial charging.
A special feature allows the unit to be operated while charging.

1.4 GENERAL DESCRIPTION:

The DryCal is the first field-portable true primary air flow calibrator. Using
near-frictionless piston technology, it combines the accuracy of a primary
standard with unequaled speed and convenience.

The Dry Cal consists of two primary sections. The base contains the electronics
and computer, while the flow cell performs the actual physical measurements.
The base has an opening on its upper surface into which the flow cell is
installed. The front of the base is angled for easy reading of the LCD display
and includes a Power On/Off switch and Charge LED indicator. Below these
are push-button switches.

Flow readings are obtained with the push of a button. The DryCal can be set
to take flow readings automatically or manually.
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A charging jack located on the left side of the base is for insertion of the
battery charger’s barrel plug and a built-in standard parallel printer port for
hard copy printing of flow readings is located on the rear panel. DryCal
interfaces with most IBM compatible printers.

1.5 POWER REQUIREMENTS:

The DryCal is powered by an internal lead-acid battery. The battery will
power the instrument for several hours of continuous use and has a typical
service life of approximately 3-5 years. Use of a printer does not affect the
battery life. The DryCal is charged and/or can be powered by the BIOS single-
station charger when plugged into a standard 115V AC power source outlet
(220V AC optional). Optionally, the DryCal can be charged using one station
of the 4000D multi-station charger. Please read all setup and charging
instructions indicated in this manual before using equipment.

1.6 OPTIONS:

‘You may purchase additional calibration and support items from BIOS for
this system. Please refer to Section 9.0 Parts List or the full BIOS International
Corporation product line catalog. If you should require additional assistance,
please contact your customer service representative.

1.7 CUSTOMER SERVICE AND TECHNICAL SUPPORT:

Use this comprehensive operation guide for useful descriptions of product
applications, procedures and safety precautions. If you require additional
assistance, BIOS International Corporation offers complete technical support
for all of its products. Customer service representatives are available Monday
through Friday, 9:00 AM to 5:00 PM EST,

(800) 663-4977 or (973) 839-6960.
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1.8 DC-1 CALIBRATOR SPECIFICATIONS:

Size: 4°W x 8-5/8"D x 7-3/4"H

102mm x 219mm x 197mm
Weight: Base and std. cell; 2.84 Ibs. /1289.4g
Interchangeable Flow DC-1LC: 1 to 700 m}/min.
Cell Ranges: DC-18C: 10 to 9999 mi/min.

DC-1HC: 50 ml/min. to 50 Lpm

Note: All cells are interchangeable berween DC-1 and DC-2M models.
Battery System: 6V Rechargeable, sealed lead-acid,

8-hour typical operation on a single charge

Unit can be left charging indefinitely without damage to battery.
AC Battery Charger: Wall-mounted, single-station

Input: 100 to 120 VAC, 50 to 60 Hz

Output: 12 VDC 2.5mm charger plug, center positive

(Optional: 200 to 240 VAC, 50 to 60 Hz)

Charger can be used for AC operation.

Low Standard High

Accuracy: Single Reading: +2% £0.05ml/min.  £0.5ml/min. £2.5 ml/min.

Averaged Readings: = 1%  +0.05 ml/min. £ 0.5 ml/min. 2.5 ml/min.
Operating Modes: Single-cycle, Continuous Auto-repeat, and 10-Reading “Burst” function
Printer Port: Standard parallel (IBM/ Centronics)
Electronics: LCD readout display, Power switch, Function buttons,

“Charge” LED indicates unit is charging.
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1.9 WARRANTY INFORMATION:

The BIOS DryCal DC-1 primary flowmeter is warranted to the original end
user to be free from defects in materials and workmanship under normal use
and service for a period of two years from the date of purchase as shown on
the purchaser’s receipt.

The obligation of BIOS International Corporation under this warranty shall
be limited to repair or replacement (at our option), during the warranty period,
of'any part which proves defective in material or workmanship under normal
use and service provided the product is returned to BIOS International
Corporation, transportation charges prepaid.

Notwithstanding the foregoing, BIOS International Corporation shall have
no liability to repair or replace any BIOS International Corporation product
{1) which has been damaged following sale, including but not limited to damage
resulting from improper electrical voltages, defacement, misuse, abuse, neglect,
accident, fire, flood, act of God or use in violation of the instructions furnished
by BIOS International Corporation, (2) the serial number has been altered or
removed or (3) which has been repaired, altered or maintained by any person
or party other than BIOS International Corporation’s own service facility ora
BIOS authorized service center.

This warranty is in lieu of all other warranties, and all other obligations or
liabilities arising as a result of any defect or deficiency of the product, whether
in contract or in tort or otherwise all other warranties, expressed or implied,
including any implied warranties of merchantability and fitness for a particular
purpose, are specifically excluded.

In no event shall we be liable for any special, incidental or consequential
damages for breach of this or any other warranty, expressed or implied,
whatsoever.
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1.10 FEATURES/ DryCal Calibrator, model DC-1:

(Refer to Figure 1-4)

Standard Features:

EASY PUSH-BUTTON ACTIVATION
Switch the calibrator on and press buttons to
select single-reading or multiple-reading
modes.

BURST AND AUTO-MODE
The burst function will activate the calibrator
to take 10 consecutive readings and stop. The
auto-mode allows the user to take continuous
flow readings automatically.

LCD DISPLAY
Alphanumeric LCD display indicates flow rate,
flow average and number of readings contained
in the average (ten readings per sequence).

INTERCHANGEABLE FLOW CELLS
Three patented interchangeable flow cells offer
low, standard and high flow ranges. Cells work
in both DC-1 and DC-2M models.

NIST TRACEABLE FEATURES:

FLOW CELL VOLUME

The DryCal flow cell is made of dimensionally
stable, high-quality Borosilicate glass and the
displacement sensing encoder is made of
precision photo-etched stainless steel. The
dimensions are measured using NIST traceable
standards and certifying documentation is
provided with each unit.

CRYSTAL TIMING ACCURACY

The crystal timing device is tested with a NIST
traceable frequency counter which is
periodically recertified by a NIST traceable
laboratory.

NEAR-FRICTIONLESS PISTON ASSEMBLY
The patented DryCal piston is machined from
a graphite composite and operates inside a
borosilicate glass cylinder. Piston and cylinder
are clearance-sealed to achieve a gap of
approximately 25 microinches (0.6 micron).

PAGE 6 BIOS DryCal DC-1

PISTON SIZE AND SHAPE IS CONSTANT
The DryCal piston is made from a graphite
composite to preserve size and shape.

DUST-FREE OPERATION
The extremely tight tolerance of the piston and
cylinder, coupled with the dropping force of
the piston insures a self-cleaning effect,
preventing normal levels of dust from
interfering with the movement of the piston.

SINGLE PHOTO SENSOR DESIGN
The DryCal employs a fixed positioned photo
sensor and a precision photo-etched stainless
steel encoder strip rather than using two
adjustable photo sensors. The photo sensor
measures the distance from one encoder
window leading edge to the next. This unique
design feature ensures that changes in sensor
sensitivity do not affect measurement accuracy.

BATTERY CHARGE LED INDICATOR
“Charge” LED indicates while unit is charging.

RECHARGEABLE BATTERY PACK
The DryCal uses a rechargeable sealed lead-
acid battery pack system with full capacity
operation and memory-free cells.

AC RUN CAPABILITY
DryCal calibrators can be run off 120VAC
(220VAC optional) power with a single-station
BIOS battery charger. If unit has a small
amount of charge remaining, the battery pack
will recharge while unit is being used.

PRINTER CAPABILITIES
Using a built-in standard parallel port, DryCal
outputs data to either the BIOS printer or
standard laser and dot matrix printers.

BUILT-IN TEST FOR LEAKAGE
Since annual recertification is not necessarily
required for the DryCal, a self-test procedure
is built into the electronics to verify proper
integrity of the flow cell.



FIGURE 1-A
DRYCAL DC-1 CALIBRATOR FEATURES & NOMENCLATURE
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FIGURE 1-B

LCD DATA DISPLAY/ SAMPLES: DC-1
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1) Single-Reading, (manual mode)
After the “Power” is turned <ON>, an initialization screen indicates for one
second and then the “Flow/ Avg/ # of samples screen will indicate.

FLOW 1897
AVG 1997 #01

2) Multi-reading, (auto-repeat mode)
When the <MODE> and <READ> buttons are held for 3 seconds and released,
the unit will enter an Auto-Repeat mode.

FLOW 2001
AVG 1997 #07

NOTE: The unit will continuously take flow readings in sequences of 10 each indicating

the flow and average on the display. After ten consecutive readings, the display will clear
and reset the average and the number of samples will reset to zero for a new sequence of

readings.

3) “BURST” Function Indication

When the <READ> button is held, while turning the “Power” <ON>, the
display will indicate “10s” in the upper right corner. This puts the electronics
into the “BURST” reading mode. Then initiate the “Auto-Repeat™ mode above

).

FLOW 2001 10s
AVG 1997 #07

NOTE: When the unit is turned <OFF>, the electronics will reset default settings and
return to a “Single-Reading” mode.

4) Low Battery Indication

When the battery charge is low, the display will indicate “BAT” in the upper
right corner. Refer to section 3.1, “Charging the Battery System” for complete
charging instructions.

FLOW 2001 BAT
AVG 1997 #07
5) RESET Function

Hold MODE button for 2 seconds and release to clear display values.
(Also, see section 4.5 “Resetting the Averaging Sequence”)

BIOS DryCal DC-1



2.0 THEORY OF OPERATION

The DryCal is a true primary air flow standard. The time required for a
frictionless piston to traverse a known volume is precisely measured and the
flow is calculated by an internal computer. As a true primary standard,
calibration is neither required nor possible. The accuracy of the instrument is
built into its dimensions.

Air ordinarily flows from the inlet boss through the internal cell valve to the
outlet boss. When a reading is begun, the valve closes. Air is evacuated from
the outer chamber and the piston rises at the rate of evacuation. A precision
encoder attached to the piston breaks a finely collimated light beam. The time
between breaks of the beam is measured by a crystal clock after a suitable
acceleration interval. (The piston is allowed to accelerate before calculation
is begun.) When a reading is completed, the valve is opened by the computer
and the piston resets. The computer then displays the flow reading, which is
actually the average value for the multiple encoder slots.

The measuring piston and cylinder are clearance-sealed. The gap between
them is controlled to result in a clearance of approximately 25 microinches
(0.6 micron). At this clearance, maximum leakage is approximately .005% of
full scale.

The DryCal’s patented measuring system is based on the dimensional stability
of its graphite composite piston, borosilicate glass cylinder and the photo-
etched stainless steel encoder strip. A single photo sensor is used to measure
the distance from one encoder window leading edge to the next, so changes in
photo sensor sensitivity do not affect measurement accuracy.

3.0 SETUP AND PREPARATION

NOTE: Prior to operation, be sure to fully charge the unit according to the
instructions and to remove both black inlet and outlet dust caps.

By now you have unpacked your equipment and taken an inventory of the
contents. You should now become familiar with your equipment by reading
this instruction manual and practicing the operation of basic DryCal functions.
This will ensure that the product is working to performance specifications.
Do this in a well lit area on a stable, flat work surface free of any moisture,
dirt or chemicals. Refer to Battery Charging and Maintenance sections for
appropriate charging and transport information. If any accessories or optional
equipment need to be installed, be sure to review all instructions for their
proper use to avoid any personal injury, breakage, or damage to the equipment.
When you are finished with equipment, remove all charging accessories and
be sure to turn the power “OFF”. Repack appropriately for future use. Store
equipment in a cool and dry environment.

BIOS DryCal DC-1 PAGE ¢



3.1 CHARGING THE BATTERY SYSTEM:

CHARGE

@

Before you begin using your calibrator, be sure that the battery system has
been fully charged to ensure that it will perform to its specifications and
maintain operation for the calibration period. The DryCal is powered by an
internal lead-acid battery. This will power the instrument for several hours of
continuous use and has an average service life of 3-5 years. Use of a printer
will not affect battery life.

If "BAT" is indicated on the display during operation,
recharging is recommended.

FLOW 2001 BAT
AVG 1997 #07

1. Connect only the appropriate BIOS 12VDC charger, included with the
calibrator, into a standard wall outlet. Optionally, one station of the BIOS
AirPro 4000D multi-station charger may be used.

2. Insert the DryCal charger’s barrel plug end into the charging jack located
on the left side of the calibrator base. The red “CHARGE” LED will illuminate.
Full charge takes 8 to 12 hours, and the DryCal can charge while being used.

NOTE: Upon full charge, the charger will taper to a trickle mode
automatically. The unit may be charged indefinitely without damage fo the
battery. Be sure to use only BIOS approved batteries and AC adaptors/
chargers for DryCal DC-1 calibrators.

3.2 BATTERY MAINTENANCE AND STORAGE:

Battery Maintenance:

Lead-acid batteries will not exhibit the “memory effect” common to nickel-
cadmium batteries due to continuous charging and no further conditioning is
required to maintain full performance.

Long-Term Storage:

Long-term storage without charging can damage the battery pack, therefore if
the DryCal cannot be left charging continuously, it should be charged at least
every three months.

3.3 AIR CONTAINING CIGARETTE SMOKE OR OTHER EXCESSIVE DUST AND
PARTICULATES SHOULD BE FILTERED:

PAGE
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Air containing cigarette smoke or other excessive dust and particulates should
be filtered from the DryCal. A BIOS air filter (part# AF516) is available for
this purpose. The filter should be placed ahead of the DryCal in the flow
stream, on the inlet side.

BIOS DryCal DC-1



3.4 INSTALLING/REMOVING FLOW CELLS:

DryCal accepts interchangeable cells for different flow ranges. Cells should
always be changed with the power switch in the “OFF”’ position.

3.4.1 INSTALLING FLOW CELLS:

1. Position the selected flow cell into the electronics base opening with its top
label facing you.

2. Rotate the cell back and forth gently to locate the connection pins. When
the cell no longer turns and the connector pins are engaged, press firmly
downward.

3. When the power is turned ON, the DryCal electronics will sense which cell
is installed and display the appropriate readings for that cell.

3.4.2 REMOVING FLOW CELLS:

With the Power turned <OFF>, grasp the flow cell firmly by the cylinder and
wiggle gently upward and out of the base.

3.5 BASIC CALIBRATION SETUP:

When calibrating the air flow rate of a sampling pump, personal or ambient,
the proper setup or sampling train should be assembled. Depending upon the
equipment being used and the sampling application the setup may vary.
{See figures 3A-E)

NOTE: When setting flow and calibrating for industrial hygiene or
environmental applications, the sampling medium (actual or substitute)
should always be included in the sampling train.

3.6 HIGH PULSATION FLOW SOURCES:

Certain flow sources will exhibit very high flow pulsation on the DryCal.
This is especially true of some personal samplers when their flow is turned
down to the lower end of its range. This condition will often cause the DryCal
piston to visibly vibrate during a measurement. If severe enough, it could
result in false or unstable readings. This will be evidenced by a shortened
stroke of the piston.

If high pulsation is present, the use of an external pulsation damper such as
the BIOS DMP-1 (included) is recommended. The damper is inserted between
the load and the sampler using a short length of flexible tubing. The DryCal
connects to the other side of the load.

(See Figure 3-C for typical Pulsation Damping configuration)
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3.7 MSA “ELF” USERS:

The BIOS DryCal should be used to calibrate or check the flow rate of an
MSA Escort ELF® pump only if an isolating flow restrictor (such as a filter
or an orifice) providing at least 10” WC is placed in-line between the pump
and the calibrator. Failure to use such an isolation technique can cause a
calibration inaccuracy on the order of 2% and is not recommended.

3.8 USE OF DRYCAL WITH INSTRUMENTS USING MASS FLOW CONTROLLERS:

The insertion pressure spike caused by the internal DryCal valve can
intermittently interact with some instruments that contain Mass Flow
Controllers (MFC), such as total particulate, PM-10, PM-2.5 samplers, gas
analyzers and gas chromatographs. When the valve closes, the MFC may
respond or search. Interaction between the two instruments can be remedied
by isolating the DryCal from the MFC or instrument containing the MFC.

The isolation can be achieved by placing a small backpressure or load equaling
8-10 inches of water column between the two instruments. This is accomplished
by using an isolating flow restrictor such as an in-line orifice or filter.

3.9 CALIBRATING ROTAMETERS:

Rotameters may oscillate when attached to any large volume such as a-
calibrator. The rotameter ball may exhibit instability when used in series with
the DryCal. For optimum accuracy, use a rotameter over its mid-range.

To calibrate rotameters:
1. Attach an isolating load or sample medium, with a pressure drop of about
10 to 20 inches of water column, in series with a stable pump and the DryCal.
NOTE: Use of a 25mm, 0.8m filter cassette makes a suitable load for most
flows in the industrial hygiene range. This method yields good stable results
and stabilizes variations in flow due to differences in pressure drop between
the two instruments.

2. Calibrate the sampling pump at the desired flow setting, i.e.: 2.00 Lpm,
with the DryCal. When desired flow setting is obtained, disconnect the DryCal
and attach the tubing to the outlet boss of the rotameter.

3. When the rotameter ball stabilizes, mark the rotameter for the true flow
rate (2.00 Lpm) using tape and a permanent marker to denote the calibrated
flow setting. Repeat this procedure for any additional flow settings.

3.10 USE WITH MANOMETERS:

High capacitance spring loaded gauges such as Magnehelic manometers can
cause vibration of the DryCal piston. This is not a defect in the DryCal. The
piston is accurately mirroring the transient internal vibrations of the gauge.
Such gauges must be isolated from the DryCal by inserting a suitable restriction
between the gauge and the calibrator.
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FIGURE 3-A

TYPICAL HIGH FLOW CALIBRATION SETUP
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FIGURE 3-B

TYPICAL LOW & MULTI-FLOW CALIBRATION SETUP
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TYPICAL PULSATION DAMPING SETUP
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FIGURE 3-D

TYPICAL BAG SAMPLING SETUP
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FIGURE 3-E

TYPICAL CYCLONE SAMPLING SETUP
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3.11 USING A PARALLEL PRINTER (General):

PAGE
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The DC-1 calibrator is equipped with a standard IBM-type parallel printer
connector located on the rear of the DryCal case. It can be used with most
dot-matrix, ink jet and laser printers. A Centronics-compatible parallel printer
is connected to the instrument using a normal IBM-Centronics cable.
Alternatively, the BIOS BP-1 portable printer can be attached to the same
connector using its special cable. The BIOS printer is self-powered and will
permit printing of calibration data in the field without draining the DryCal’s
batteries.

NOTE: The BP-1 printer includes its own charger and requires 14 to 16
hours for a full charge. If you have purchased a BIOS BP-1 printer, be sure
to use only the charger specified for recharging. Do not use the charger
provided to recharge the DryCal unit. When not using the BP-1 printer for
long periods, the battery can be kept in a charged state by charging once or
twice every month. Do not leave printer charging continuously to prevent
permanent battery damage.

DC-1 (version 2.06 and above):

Printing format: Narrow, single-column

Printer types: BP-1, dot-matrix, laser and inkjet

Note: Older DC-1 units with version 2.05 electronics or earlier will work
only with printers that feature a CRLF/CRL line carriage feed DIP switch
Junction. These units can be returned to BIOS for an electronic base program
upgrade. This is included in the recertification process.

(See section 8.0 for Recertification Program details).

If a non-BIOS printer does not respond properly, the printer’s internal DIP
switch (that sets the carriage return definition) may be in the wrong position.
It should be set to “CRLF” instead of “CR”. Refer to your printer’s manual.

1. Attach the printer and switch ON before turning the DryCal ON.

2. When the DryCal is active, a heading will be printed. Subsequently, each
flow measurement will be printed, along with the average flow and the number
of samples. After every averaging sequence, a separating line will be printed,
and then the process will begin again.

3. To print only the final flow setting averaging sequence, use the “BURST”
function. “10s” will be indicated on the display. This will allow you to print

only the final ten flow readings and the average.

See section 4.6 for detailed DC-1 “BURST" function instructions.
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