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\- Effect of Obstacle Type on Methane-Air Flame Propagation in a Closed Duct: An

Experimental Study, H. Kolahdooz 2, M. Nazari?, M.H. Kayhani 2, R. Ebrahimi ® and O.
Askari, J. Energy Resour. Technol 141(11), 112208 (May 30, 2019)
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High-quality pressure transmitter

For general industrial applications

Model S-10

@€ ©

Applications

for further approvals
see page 6

® Machine building

B Hydraulics and pneumatics
® Pumps

B Chemical industry

Special features

® Measuring ranges from0...0.1to 0 ... 1,000 bar [0 ... 5 psi
to 0 ... 15,000 psi]

® Non-linearity 0.2 % of span (BFSL)

® Output signals: 4 ...20mA,DC0..10V,DCO0...5V and
others

m Electrical connections: Angular connector form A, circular
connector M12 x 1, various cable outlets and others

Description

The model S-10 pressure transmitter for general industrial
applications is the ideal solution for customers with
demanding measuring requirements. It features a very good
accuracy, a robust design and an exceptional number of
variants, meaning it can be suited to the widest range of
applications.

Versatile

The model S-10 offers continuous measuring ranges
between0...0.1and0...1,000 bar[0...5psiand 0 ...
15,000 psi] in all the major units.

These measuring ranges can be combined in almost any
way with all the standard industry output signals, the most
common international process connections and a wide
number of electrical connections.

Furthermore, it offers numerous options, such as different
accuracy classes, extended temperature ranges and
customer-specific pin assignments.

WIKA data sheet PE 81.01 - 09/2018

Data sheets showing similar products:
Pressure for general

Supernior e for general model S-20, see data sheet PE 81 61
Flush pressure transmutter for viscous and particle-laden media; model S-11; see data sheet PE 81.02

. model A-10; see data sheet PE 81.60

WIKA data sheet PE 81.01

Pressure transmitter model S-10

High quality

The robust design turns the model S-10 into a very high
quality product, which even the most adverse environmental
conditions cannot affect. Whether with the lowest
temperatures when used outdoors, with extreme shock and
vibration in machine building or with aggressive media in the
chemical industry, this transmitter can meet all requirements.

Availability
All variants described in this data sheet are available on very

short lead times. For particularly urgent demands, there is a
sizeable stock available.

Page 1 0f 9
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Measuring ranges

bar Measuring range 0..01 0..0.16 0..0.25 0..04 0..086 0..1 0..16
Overload safety 1 15 2 2 4 5 10
Measuring range 0..25 0..4 0..6 0..10 0..16 0..25 0..40
Overload safety 10 17 35 35 80 50 80
Measuring range 0..60 0..100 0..160 0...250 0...400 0..600 0...1,000
Overload safety 120 200 320 500 800 1,200 1,500

psi  Measuring range 0..6 0..10 0..15 0..20 0..25 0..30 0..50
Overload safety 29 29 72.5 145 145 145 240
Measuring range 0..60 0..100 0..150 0..160 0..170 0..200 0..250
Overload safety 240 500 500 1,160 1,160 1,160 1,160
Measuring range 0..300 0...400 0...500 0..600 0..750 0...800 0...1,000
Overload safety 1,160 1,160 1,160 1,160 1,740 1,740 1,740
Measuring range 0...1,500 0...1,600 0...2,000 0...3,000 0...4,000 0...5,000 0...6,000
Overload safety 2,900 4,600 4,600 7,200 7,200 11,600 11,600
Measuring range 0..7,500 0...8,000 0..10,000 0..15,000
Overload safety 17,400 17,400 17,400 21,700

Absolute pressure

bar Measuring range 0..0.25 0..04 0..086 0.1 0..16 0..25 0..4
Overload safety 2 2 4 5 10 10 17
Measuring range 0..6 0..10 0..16 0..25 08..1.2
Overload safety 35 35 80 80 5

psi  Measuring range 0..15 0..25 0..50 0..100 0...250
Overload safety 725 145 240 500 1,160

bar Measuring range 0.6..0 04..0 -0.25..0 -0.16 ...0 -0.1..0
Overload safety 4 2 2 1.5 1
Measuring range -1..0 -1..40.6 1...415 1...43 -1..45
Overload safety 5 10 10 17 35
Measuring range -1..49 -1..415 -1...424
Overload safety 35 80 50

psi Measuring range -15inHg ...0 -30 inHg ...0 -30 inHg ... +15 -30 inHg ... 430 -30 inHg ... +60
Overload safety 725 725 145 240 240
Measuring range -30 inHg ...+100  -30inHg ...+160  -30inHg...+200  -30 inHg ... +300
Overload safety 500 1,160 1,160 1,160

The given measuring ranges are also available in kg/cm?2 and MPa.
Other measuring ranges available on request.
Vacuum tightness
Yes
WIKA data sheet PE 81.01 - 09/2018 Page20f9



Output signals

E
Current (2-wire) 4..20mA
20..4mA
Current (3-wire) 0..20mA
Voltage (3-wire) DCO...10V
DCO..5V
DC1..5V
DC0.5...4.5V ratiometric
Other output signals on request.
Load in

m Current output (2-wire):
< (power supply - 10V) /0.02 A

m Current output (3-wire):
< (power supply - 3V) /0.02 A

m Voltage output (3-wire):
> maximum output signal / 1 mA

Voltage supply

Power supply
The power supply depends on the selected output signal

m 4..20mA: DC10..30V
| 20..4mA: DC10..30V
m 0..20mA: DC10..30V
m DCO..5V: DC10..30V
m DC1..5V. DC10..30V
m DCO..10V: DC14..30V
m DCO05..45Vratiometricc. DC45..55V

Reference conditions (per IEC 61298-1)

Temperature
15..25°C[59 ... 77 °F]

Atmospheric pressure
860 ...1,060 mbar [86 ... 106 kPa/12.5 ... 15.4 psig]

Humidity
45 ...75%r.h.

Power supply
DC24V

Mounting position

Calibrated in vertical mounting position with pressure
connection facing downwards.

WIKA data sheet PE 81.01 - 09/2018

Accuracy specifications

Non-linearity (per IEC 61298-2)
< 20.2 % of span BFSL

Non-repeatability (per IEC 61298-2)
<0.1 % of span

Accuracy at reference conditions
Including non-linearity, hysteresis, zero offset and end value
deviation (corresponds to measured error per IEC 61298-2).

Standard < £0.50 % of span

Option < £0.25 % of span 1)
1) Only for measuring ranges = 0.25 bar [= 3.6 psi]

Adjustability of zero point and span

Adjustment is made using potentiometers inside the
instrument.

m Zeropoint: =5%

m Span: +5%

Temperature error at 0...80 °C [32 ... 176 °F)

® Mean temperature coefficient of zero point:
Measuring ranges < 0.25 bar [< 3.6 psi]: < 0.4 % of span/10 K
Measuring ranges > 0.25 bar [> 3.6 psi]: < 0.2 % of span/10 K

m Mean temperature coefficient of span:
<0.2% of span/10 K

Long-term stability at reference conditions
< 20.2 % of span/year

Time response

Settling time

m<1ims

®m < 2 ms for output signal DC 0.5...4.5V ratiometric and
measuring ranges < 0.4 bar [< 5.8 psi]

Page 309
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Operating conditions

Ingress protection (per |IEC 60529)

For ingress protections see “Electrical connections”

The stated ingress protection only applies when plugged in using mating connectors that have the appropriate ingress
protection

Vibration resistance (per IEC 60068-2-6)
20g

Shock resistance (per IEC 60068-2-27)
1,000 g (mechanical)

Permissible temperature ranges

L |stndad _____________Joption

Medium -30...+100 °C [-22 ... 4212 °F] -40 ... +125 °C [40 ... +257 °F]
Ambient -20...+80 °C [-4 ... +176 °F] -20...+80 °C [4 ... +176 °F]
Storage -40...+100 °C [-40 ... +212 °F] -40....+100 °C [40 ... +212 °F]

Process connections

EN 837 G%B
G%B
DIN EN ISO 1179-2 (formerly DIN 3852-E) G% A"
) G Y female
ANSVASME B1.20.1 % NPT
%2 NPT
SAE JS14E 7/16-20 UNF with 74° taper
- M20x 1.5
- G "2 male / G % female
ISO7 R%

1) Maxamum overload safety 600 bar [8,700 psi)

Other process connections on request

Materials

Wetted parts
Measuring ranges < 25 bar [< 400 psi]: 316Ti
Measuring ranges > 25 bar [> 400 psi]: 316Ti and S13800

Non-wetted parts

m Case: 316Ti

® Internal pressure transmission medium:
Measuring ranges < 25 bar [< 400 psi]: synthetic oil
Measuring ranges > 25 bar [> 400 psi]: dry measuring cell

= Clamping nut: PA

® Angular connector: PA

® O-rings at the clamping nut: NBR

m Flat gasket: VMQ

WIKA data sheet PE 81.01 - 09/2018 Page 4 of 9
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Electrical connections

Electrical connection Ingress Wire cross-section | Cable Cable lengths
protection diameter

Angular connector DIN 175301-803 A P65 max. 1.5 mm2 6..8mm -

Angular connector DIN 175301-803 with = NPT IP65 max. 1.5 mm?2 - -

Circular connector M12 x 1 (4-pin) P67 - - -

Bayonet connector (6-pin) P67 - - -

% NPT conduit male, with cable outlet IP67 3x0.5 mm2 6.8 mm 1.5m,3m,5m,10m, 51,
101ft, 20 ft, 30 ft, others on
request

Cable outlet

® Standard IP67 3x0.5 mm2 6.8 mm 15m,3m,5m, 10m, 51,

® notadjustable IP68 " 3x0.5mm2 6.8mm ::q'l:e‘:? 1, S0, others on

® adjustable P68 " 3x0.5mm2 6.8mm

1) 72 h/ 300 mbar [4.4 psi]

Short-circuit resistance
S+vs. U-

Reverse polarity protection
U+ vs. U-

Overvoltage protection
DC36V

Insulation voltage
DC 500V

Connection diagrams

Angular connector DIN 175301-803 A Bayonet connector (6-pin)

U+ red (RD) red (RD)
black (BK) black (BK)
S+ - brown (BN)

Circular connector M12 x 1 (4-pin) Cable outlets

oo U+ 1 1 U+

brown (BN) brown (BN)

| U- 3 3 m U- green (GN) green (GN)

S+ - 4 S+ - white (WH)
Shield grey (GY) grey (GY)
WIKA data sheet PE 81.01 - 09/2018 Page 5 of 9

A



Approvals

Ce

@
Al

'@@ﬂ PO

EU declaration of conformity
® EMC directive

European Union

EN 61326 emission (group 1, class B) and interference immunity (industrial application)

W Pressure equipment directive
W RoHS directive

CSA

Safety (e.g. electr. safety, overpressure, ...)

EAC
EMC directive

GOST
Metrology, measurement technology

KazinMetr
Metrology, measurement technology

MTSCHS
r I i 'Of CC issi "li"y

BelGIM
Metrology, measurement technology

UKrSEPRO
Metrology, measurement technology

Uzstandard
Metrology, measurement technology

CRN

Safety (e.g. electr. safety, overpressure, ...)

Canada

Eurasian Economic
Community

Russia

Kazakhstan
Kazakhstan
Belarus

Ukraine

Uzbekistan

Canada

Manufacturer's information and certifications

MTTF: > 100 years
China RoHS directive

Approvals and certificates, see website

WIKA data sheet PE 81.01 - 09/2018
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Dimensions in mm

with angular connector DIN 175301-803 A with angular connector DIN 175301-803
with %2 NPT =i
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S . | = /
_l_mn___ _Lpﬂ,_l_
tN837
Weight: approx. 0.2 kg Weight: approx. 0.2 kg
with bayonet connector (6-pin) with Y2 NPT conduit male, with cable outlet
M vawer
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(IO ==
i @27 <3
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i ] | Lrdl
‘ o271 i s
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NB37 : |
Weight: approx. 0.2 kg Weight: approx. 0.2 kg
with cable outlet, not adjustable with cable outlet, adjustable
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3 : 5
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Weight: approx. 0.2 kg Weight: approx. 0.2 kg
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with circular connector M12 x 1 (4-pin)
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Weight: approx. 0.2 kg
with cable outlet, standard
i »71
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L
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ENBIT
Weight: approx. 0.2 kg
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Process connections

G
G¥A G¥“B 14 NPT
G¥%B 20 12 NPT 19
M20x 1,5 20 R 13
|
T _
i miﬁ = J
L5 ] G
0
mu- _El N
G»“B Gu 20 15,5 G lafemale 25 20 12 7/16-20 UNF with 74° taper U=

For information on tapped holes and welding sockets, see Technical Information IN 00.14 at www.wika.com.

Accessories and spare parts

Mating connector

Description Order number

Angular connector DIN 175301-803 A

® with cable gland, metric 11427567 11225793 11250186

B with cable gland, conduit 11022485 - -
Circular connector M12 x 1 (4-pin)

M straight 2421262 11250780 11250259

H angled 2421270 11250798 11250232

Sealings for mating connectors

Mating connector

Angular connector DIN 175301-803 A 1576240

Sealings for process connection

TR T S —

G aBEN 837 11250810 11250844

G 2 BEN 837 11250861 11251042 - =

G 'a A DIN 3852-E = = 1537857 1576534

M20x 1.5 11250861 11251042 - =

WIKA data sheet PE 81.01 - 09/2018 Page 8 of 9
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Ordering information
Model / Measuring range / Output signal / Accuracy / Electrical connection / Medium temperature / Process connection

© 03/1997 WIKA Alexander Wiegand SE & Co. KG, all nghts reserved
The i

given in this the state of engs at the time of
We reserve the nght 1o make 1o the and
WIKA data sheet PE 81.01 - 09/2018 Page 9 of 9
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WIKA Alexander Wiegand SE & Co. KG
Alexander-Wiegand-StraBe 30

63911 Klingenberg/Germany

Tel.  +499372132-0

Fax  +49 9372 132-406

info@wika.de

www.wika.de
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Bourdon tube pressure gauge
Stainless steel version
Models 232.50, 233.50

& M © [c @

Applications

m With liquid-filled case for applications with high dynamic
pressure loads or vibrations 1)

m For gaseous and liquid aggressive media that are
not highly viscous or crystallising, also in aggressive
ambience

® Process industry: Chemical/petro-chemical, power
stations, mining, on- and offshore, environmental techno-
logy, machine building and general plant construction

Special features

® Excellent load-cycle stability and shock resistance
m All stainless steel construction

® German Lloyd approval

m Scalerangesupto 0 ... 1,600 bar

Description

Design
EN 837-1

Nominal size in mm
63, 100, 160

Accuracy class
NS 63: 1.6
NS 100, 160: 1.0

Scale ranges

NS 63: 0..1 to0...1,000bar

NS 100: 0...0.6t0 0 ... 1,000 bar

NS 160: 0...0.6t0 0 ... 1,600 bar

or all other equivalent vacuum or combined pressure and
vacuum ranges

1) Model 233 50

WIKA data sheet PM 02.02 - 03/2017

Data sheets showing similar products.
Stainless steel, safety version; model 232 30, see data sheet PM 02 04

\-f

b S (8 Slasiine - o Cawg

Mechanical

pressure measurement

WIKA data sheet PM 02.02

for further approvals
see page 3

Bourdon tube pressure gauge model 232.50

Pressure limitation

NS 63: Steady: 3/4 x full scale value
Fluctuating: 2/3 x full scale value
Shorttime: Full scale value

NS 100, 160: Steady: Full scale value

Fluctuating: 0.9 x full scale value
Shorttime: 1.3 x full scale value

Permissible temperature
Ambient: -40 ... +60 °C without liquid filling
-20 ... +60 °C gauges with glycerine filling 1)
Medium: +200 °C maximum without liquid filling
+100 °C maximum with liquid filling 1)

Temperature effect

When the temperature of the measuring system deviates
from the reference temperature (+20 °C):

max. 0.4 %/10 K of full scale value

Ingress protection
IP65 per EN 60529 / IEC 60529

Page 1014
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Standard version

Process connection

Stainless steel 316L (NS 63: 1.4571),

Lower mount (LM) or lower back mount (LBM), NS 63 centre
back mount (CBM)

NS 63: G % B (male), 14 mm flats

NS 100, 160: G 'z B, 22 mm flats

Pressure element
Stainless steel 316L
C-type or helical type

Movement
Stainless steel

Dial
Aluminium, white, black lettering,
NS 63 with pointer stop pin

Pointer
Aluminium, black

Case

Stainless steel, with pressure relief at case circumference,
12 o'clock (NS 63) and on the back of the case (NS 100
and 160),

Scale ranges < 0 ... 16 bar with compensating valve to vent
case

Window
Laminated safety glass
(NS 63: Polycarbonate)

Ring
Cam ring (bayonet type), stainless steel

Filling liquid (for model 233.50)
Glycerine 99.7 %
(Glyzerine 86.5 % for scale range <0 ... 2.5 bar)

Options

Other process connection

Sealings (model 910.17, see data sheet AC 09.08)
Assembly on diaphragm seals see product review DS
Measuring system Monel (model 26x.50, not with NS 160
back mount connection)

Surface or panel mounting flange, stainless steel

Panel mounting flange, polished stainless steel
Triangular bezel, polished stainless steel, with clamp
Ambient temperatures -40 °C: Silicone oil filling

Limit indicator at NS 100 and 160, see data sheet
SP09.03

Pressure gauge with switch contacts, see model
PGS23.1x0, data sheet PV 22.02

®m Pressure gauge with electrical output signal, see model
PGT23.100/160, data sheet PV 12.04

Page 2 of 4

Special versions
Gauges for ammonia plants (NS 100 and 160)

With temperature scale for refrigerant R 717 (NH3) in °C,
Scaleranges:-1...0...15baror-1...0 ... 26 bar

WIKA data sheet PM 02.02 - 03/2017



Approvals

c € EU declaration of conformity
B Pressure equipment directive
@ PS > 200 bar, module A, pressure accessory

B ATEX directive (option)
Ignition protection type “c” - constructive safety

[H[E EAC (option)
B Pressure equipment directive

B Hazardous areas

@ GOST (option)
Metrology, measurement technology
G KazInMetr (option)

Metrology, measurement technology
= MTSCHS (option)
Permission for commissioning

BelGIM (option)

Metrology, measurement technology

@ UkrSEPRO (option)
Metrology, measurement technology

@ Uzstandard (option)
Metrology, measurement technology

= CPA (option)
Metrology, measurement technology

[ES KCs KOSHA (option)
Hazardous areas
@ GL (option)
Ships, shipbuilding (e.g. offshore)
- CRN
Safety (e.g. electr. safety, overpressure, ...)

Certificates (option)

m 2.2 test report
B 3.1 inspection certificate

Approvals and certificates, see website

WIKA data sheet PM 02.02 - 03/2017
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European Union

Eurasian Economic Community

Russia

Kazakhstan

Kazakhstan

Belarus

Ukraine

Uzbekistan

China

South Korea

International

Canada
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Dimensions in mm

Standard version

Lower mount (LM)

< 16 bar with compensating valve e
without compensating . -

NS 63, centre back mount (CBM) NS 100, 160, lower back mount (LBM)

by

s 18b.vdl valve
neumw ==

‘FE%

Dimensions in mm

< 16 bar with compensating vave =
> 16 bar without compensating vaive =1

14112247.01

1520814.08

0]
o0,

b2

63 57 62 1ns - G%B 54 14 0.16
100 15.5 49.5 495 83 101 29 175 30 G%B 87 22 0.60 0.90
160 155 4952 4952 83" 161 159 175 S0 G%B 118 22 1.10 2.00

Process connection per EN 837-1/7.3

1) Plus 16 mm with scale ranges 2 100 bar
2) Plus 16 mm with scale range 1,600 bar

Ordering information
Model / Nominal size / Scale range / Connection size / Connection location / Options

OmWIKAAlu.\duanmdSEACoKG all nghts reserved.
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high speed

4467 fos high resolution
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pco.dmaxS | high speed CMOS cameras

features

free of session referencing

With innovative use of on chip information, the pco.dimax offers an operation free from session referencing,
which does not require any additional mechanical shutter for dark referencing. The pco.dimax incorporates an
internal fully automatic referencing feature that does not require additional operator intervention. Therefore it is
possible to change frame rates “on the fly” (during recording).

color image quality

The pco.dimax incorporates sophisticated tech-
niques to achieve its high color image quality, prov-
en and recommended by broadcast experts and
camera men. This quality applies for high speed
frame rates to shoot slow motion clips as well as
for standard broadcast frame rates (such as 50 to
60 fps for HDTV 1080p).

A combination of special optical filters and an opti-
mized color-calibration achieves an excellent SRGB
image quality. According to ISO Standard 17321
the pco.dimax reaches quality grades of 83 SMI
(matching high end digital cameras with typical
75 to 90 SMI). This can be seen by the typical test
image sample in the figure, which shows a demand-
ing scene for a correct Bayer pattern color conver-
sion.

The top image shows the typical fixed pattern structures in the dark
image of high speed CMOS image sensors, while the lower image
shows the lower and more homogeneous noise in the dark image
of a pco.dimax.

2

cDI
If structural information in the dark side of the histogram of the images is of major importance, the pco.dimax
with its correlated double image (CDI) mode offers to record images with increased dynamic range and a 30%
better performance on the weak signal side of the images (at the expense of half of the usual frame rate).

VXTI ETRrTTo

B B A
LI

A typical test image with color checker, MTF test charts and
challenging structures obtained with a color pco.dimax.

low light performance

The customized CMOS image sensor in combina-
tion with proprietary algorithms achieves a excellent
dark signal non-uniformity (DSNU), which can be seen
in the figure in a comparison of the dark image of a
standard high speed CMOS image sensor and a dark
image of the pco.dimax. Hence high quality images
can also be recorded at low light sceneries. The low
light performance is even further improved by the CDI
mode, which is explained in the next section.

pco.

A bald eagle catches its prey - original resolution 1920 x 1080 @ 500 frames/s (color version)

n
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pco.dmaxS | high speed CMOS cameras

features

Crashtest, single extracted images of sequence - original resolution 2016 x 2016 @ 1102 frames/s (color version)

light sensitivity & ISO speed

Compared to analog photographic films, which are
limited to one light sensitivity value, the pco.dimax of-
fers a range of sensitivities (displayed as a band in the
figure) called ISO speeds, specified by the ISO Stan-
dard 12232. It defines the parameterss_ s and
S, eeto fOF digital camera characterization.

S_, gives the maximum amount of light the sensor
can process. S defines “excellent” and s

nosedd ) noise10
“acceptable image quality”. Both s and S, naro 3@
based on noise and quality image comparisons. Qual-  The graph shows the ISO 12232 values s, s, and s relative to
itatively speaking, the broader the band from s_ to  the formerly used sensitivity values for negative film (examples give
sat ASA 200 and ASA 1000) along a virtual sensitivity scale.
S et (see figure), the better the camera performance
becomes. The pco.dimax provides image recording
from ISO Speed 160, for highest quality, up to 16,000

and more at high frame rates.

mean - dark [count]

linearity

01 For quantitative image measurements and analysis

3000 the linearity of the camera is a prerequisite. The EMVA

250 1288 linearity measurement results, as shown in the

- graph next to this text, demonstrate the scientific
grade linearity that is a feature of the pco.dimax.

1500

1000

500

]
[} 10 10° 200107 30100 40m1OY S0x 107 B0m 100 TOu 10*

photons / pixel

EMVA 1288 linearity measuements of a pco.dimax.

synchronization & trigger

A precise camera to camera synchronization for pco.dimax cameras is integrated by a master-slave mode with
a remarkable low jitter (< 50 ns). Further a variety of trigger signals can be used for sequence as well as for
single image triggering, allowing for low level, high level, differential and passive signals at the optically isolated
inputs. Time code can be added by an IRIG-B signal (modulated or unmodulated). These features are extremely
useful for stereo camera applications for 3D motion analysis and 3D particle image velocimetry (3D PIV) mea-
surements.

pco. 2
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technical data

image sensor $1/54 frame rate table
T —— U o) oS
image sensor proprietary
resolution (h x v) 1008 x 1008 pixel S1
2016 x 2016 pixel S4
pixel size (h x v) 11 pm x 11 pm peo.dimax $1
sensor format / diagonal  11.1 mm x 11.1 mm /15.7 mm s 1008 x 1008 4467 (4467) fps 25037
22.18 mm x 22.18 mm /31.36 mm S4 528 x 528 12932 (12932) fps 91208
shutter mode global (snapshot) 480 x 240 27642 (27642) fps 222518
MTF 45.5 Ip/mm (theoretical) 240 x 16 152811 (152811) fps 6675542
fullwell capacity 36000 e~
readout noise 23 e-rms @ 62.5 MHz (typ.)
18 e~ rms @ 62.5 MHz (CDI', typ.) peo.dimax $4
dynamic range 1600 : 1 (64 dB) 2016 x 2016 1279  (1102) fps 6307
2000 : 1 (66 dB, CDI") 1920 x 1080 2470 (2128)fps 12362
quantum efficiency 50 % @ peak 1296 x 720 5085 (4346) fps 274N
spectral range 290 nm .. 1100 nm 1008 x 1008 4467 (3792) fps 25037
dark current 530 e-/pixel’s @ 20 °C 480 x 240 27642 (23061) fps 222518
DSNU < 0.6 cnts. rms @ 90 % center zone 240 x 16 152811 (130650) fps 6675542
PRNU <1 % @ 80 % signal
camera $1/84
max. frame rate 4467 fps (mono) 4467 fps (color) S1
(full frame) 1279 fps (mono) 1102 fps (color) S4
exposure/shutter time 1.5ps .. 40 ms
dynamic range A/D 12 bit
A/D conversion factor 8.8 e~/count

pixel scan rate

62.5 MHz (mono/color) S1
62.5 MHz (mono) / 55 MHz (color) S4

pixel data rate

4539 Mpixel/s (mono/color) s1
5198 (mono) / 4479 (col.) Mpixel/’s S4

region of interest

steps of 48 x 4 pixel (centered)

non linearity

< 0.5 % (diff.) / < 0.2 (integr.)

primary image memory
(camRAM)

9GB/18 GB /36 GB

trigger input signals

frame trigger, sequence trigger,
stop trigger®

trigger output signals

exposure, busy

|
!

warveiength [rm)

"0

data interface USB 3.0, GigE/USB 2.0,
HD-SDI, Cameralink
time stamp in image (1 ps resolution) .
time code input IRIG-B (modulated & unmodulated) e s e e
interframing time® 3.15 ps (S4 mono, S1 mono/color) 2 3 170D IOUL 3G 3re CPLCAY SO SN0 YONOUS SN CONGAONS Can DY SANCRG ke low
3.58[]! (34 cDIOﬂ sbﬂfﬂ_miﬂlmwﬂ:ﬂlﬂmbﬂ-ﬂ:ﬂ
operational shock 30 g @ 11 ms, half sine wave, all axes * 10 gvan for the rame anly, thoy are not
operational vibration 259 @ 1 - 150 Hz, all axes 0" 90N of marest condibons 56 1abie abov.
nchudes charging curment
general $1/84
power supply 90 .. 260 VAC (12 VDC opt.)
power consumption 80 W (120 W with battery®)
weight 7.9 kg
operating temperature +5°C..+40°C
operating humidity range 10 % .. 90 % (non-condensing)
storage temperature range - 20 °C .. + 70 °C
optical interface F-mount (std.) / C-mount (opt.)

CE / FCC certified

pco.

yes
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pco.dmax S | high speed CMOS cameras

technical data

software
For camera control, image acquisition and archiving 150 speed rating'*
of images in various file formats PCO provides the

color (raw) S 160
software application Camware (Windows XP, 7 and 8). e 500
8 a 3200
A camera SDK (software development kit) including color (NLM noise filtered) S 160
a 32/ 64 bit dynamic link library for user customization Snceat0 1:250
. : . . . 6 400
and integration on PC platforms is available for free.

monochrome (raw) 8., 1250
& o 2500
For a list of third party software supported, o 16 000
please visit www.pco.de monochrome (raw & NLM noise S, 1250
filtered) _ RN > 10 000
S > 50 000

options Color
monochrome & color versions av.aulable; rechargable CIELab AE? aierige <3d
battery packs; custom made versions T S0 17351 -
color space sRGB / ITU-R BT.709

' 150 12232 Photography - Electronc stil-prcture cameras - Detarmination of 150 3pead
“ measured with daylght 6000 K
3 umng 3 Macbeth Colorchecker - 24 patches color

4
Sensitmty metamarsem ndex (SMI) & Sefined i the ISO SINCrT 17321 and describes the abiity of

2 Camen 1 EIGUCS CCUTATe CONNS LBNG 3 Macbeth Colorchecker - 18 patches color

dimensions
F-mount lens changeable adapter.

All dimensions are
given in millimeter.

camera views

Further information can be found on www.pco.de

pco.
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applications

automobile safety tests

motion analysis

physical science

The recording of high speed sequences
of safety tests is a requirement by law for
car manufacturers. But more and more
these recordings are as well used for 3D
measurements to improve the modelling.

3D motion analysis

The deflation of a side-airbag under
demanding light conditions was precisely
recorded with a pco.dimax.

application areas

Nature documentation and super slow
motion are a recent combination, which
attracts people to watch and get new
insights into animal life. Here ducklings
were observed with a pco.dimax HD+ by
Blue Paw Artists in Guyana.

material testing

A material test was recorded with two
pco.dimax highspeed cameras in a stereo
configuration. The exact synchronisation
was important for the application. Courtesy
of GOM Optical Measuring Techniques,
Braunschweig, Germany.

The documentation and subsequent
motion analysis are also important tools to
improve space technology. Here the last
shuttle start was recorded with two pco.
dimax cameras. Courtesy of NASA, Florida,
USA.

tv / broadcasting

For news and sport information on TV it is
always interesting to show fast events in
slow motion. Here the controlled blasting
of old Bayernoil smokestacks (Ingolstadt,
Germany) was recorded by a pco.dimax.

B automobile safety tests B high speed particle image velocimetry (PIV) B material testing ® tensile
testing W airbag inflation ® short time physics B hydrodynamics B spray analysis ® motion analysis
B TV / Broadcasting ® combustion imaging ® fast events in nature and machine vision ® high speed
inspection M hyper velocity impact studies B fast flow visualization B ballistics ® fuel injection B slow
motion in sports ® 3D analyis of fast events B sparks in electronical switches ® machine vision &
ignition & injection research B high speed photogrammetry

europe america asia china
PCO AG PCO-TECH Inc. PCO Imaging Asia Pte. Suzhou PCO Imaging
Donaupark 11 6930 Metroplex Drive 3 Temasek Ave Technology Co., LTD
93309 Kelheim, Germany Romulus, Michigan 48174, USA Centennial Tower, Level 34 Suzhou (Jiangsu),
Singapore, 039190 P.R. China

+49 9441 2005 50 +1248 276 8820 +65 6549 7054 +86 512 67634
info@pco.de info@pco-tech.com info@pco-imaging.com info@pco.cn
pco.de pco-tech.com pco-imaging.com pco.cn

subject to changes without prior notice | lens is sold seperately
pco - ©PCO AG, Kelheim | pco.dimax S | v1.06 6
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ADAM-6017

8-ch Isolated Analog Input Modbus TCP Module with 2-ch DO
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Main Features
8-ch Al, 2-ch DO Ethernet-based smart 1/0
Remote monitoring and control with mobile devices
Group configuration capability for multiple module setup
Flexible user-defined Modbus address
Intelligent control ability by Peer-to-Peer and GCL function
Active /0 message by data stream or event trigger function
Multiple protocol support: Modbus TCP, TCP/IP, UDP, HTTP, DHCP
Web language support: XML, HTML 5, Java Script

~

Introduction

ADAM-6000 accomplishes the integration of automation and enterprise systems easily
through internet technology, so that users can avoid changing the entire architecture of
the control system and even remotely monitor the device status more flexibly. ADAM-6000
modules are empowered by peer-to-peer (P2P) and Graphic Condition Logic (GCL), and
can perform as standalone products for measurement, control and automation. Instead
of having additional controllers or programming, system configurations can be done in
an extremely short time with the easy-to-use and intuitive graphic utility.

Features

Group Configuration Capability for Multiple Module Setup

Toaid configuration and save time, engineers can configure and upgrade the firmware of
multiple ADAM-6000s simultaneously.

Remote Monitoring and Control with Smart Phone

With support for HTML5, the ADAM-6000 can be monitored and controlled from any
browser on mobile devices whilst in the field and when the engineer is connected to
their network.

Advanced Security and High Reliability

ADAM-6000 Ethernet 1/0 modules have fast response time, and advanced security and
reliability. When communication is broken, the digital output module can generate pre-
defined values to ensure safety.

Ethernet I/0 Modules
All product specifications are subject to change without notice

ADVNTECH

Peer-to-Peer

Modules will actively update the input channel status to specific output channels. Without
dealing with the trouble of long distance wiring, users can define the mapping between
a pair of modules.

Graphic Condition Logic

Users can define the control logic rules through graphical configuration Utility, and
download defined logic rules to specific ADAM module. Then, it will execute the logic
rules automatically just like a standalone controller.

Architedure

OPC-enable Web Browser

HMI/SCADA

v o

Internet/
Intranet

Ethernet

Motor

Push button  Switch Relay Alarm Meter

More Information [§[J 4G

Last updated : 10-Jun-2014
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ADAM-6017

Remote 1/0

Specifications

Analog Input

= Channels: 8 (differential)

= Resolution: 16-bit

= Sampling Rate: 10, 100 sample/second
= Input Type: mV, V, mA

= |nput Range: £150mV, £500mV,

AV 5V, +10V,

*0~500 mV, *0-150mV,

*0-1, *0-5V, *0-10V,

0-20 mA, 420 mA, *+20mA
Note! Input range with * is only supported by CE version

= Accuracy: +0.1% (Voltage)
+0.2% (Current)
= |nput Impedance: > 10MOx(voltage)
1200 (current)
= Common-Mode Voltage: 350 Ve
Digital Output
= Channels: 2
= Sink type: open collector fo 30 V, 100 mA
= Qutput Delay: On: 100us
0Off: 1500
= Qver voltage protection (Max):42 Vg,
General
= LAN 10/100Base-T(X)
= Power Consumption 2TW@ 24 Ve
= Connectors RJ-45 (Ethernet),
Plug-in screw terminal block (1/0 and power)
= Watchdog System (1.6 second) and
Communication (programmable)
= Power Input 10 ~ 30 Vg
= Dimensions (W x H x D) 70 %122 x 27 mm
= Enclosure PC
= Mounting DIN 35 rail, stack, wall

Supporis Peer-to-Peer, GCL
Supports User Defined Modbus Address
Supports Modbus/TCP, TCP/IP, UDP, DHCP and HTTP Protocol

Protection

= Power Reversal Protection

= |solation Protection

Environment

2,000 Ve

= Dperating Temperature -20 ~70°C (-4 ~ 158°F)

= Storage Temperature

= Qperating Humidity
= Storage Humidity

Software

-30 ~80°C (-22 ~ 176°F)
20 ~ 95% RH (non-condensing)
0 ~95% RH (non-condensing)

= _NET Class Library (SDK)Windows and Windows CE Class Library, VB and VC#

Sample Code for I/0 Reading or Configuration and
Communication

= Adam/Apax .NET Utility Network Setting, I/0 Configuration, Data stream, P2P,

GCL Configuration

Pin Assignment

Ala+ Al3-
Alg= a3+
AlS+ i
N5~ a2+
.
"‘:‘ an-
A6~
Ale
a7+ e
:‘;: - Ao+
Dol
Lo RJAS
:2;’:» (Ethernet)
S \ | J
|_ﬁ_‘
—

= ADAM-6017

Accessories
= PWR-242
= PWR-243
= PWR-244

Software
= PCLS-ADAMVIEW32
= PCLS-OPC/MTP30

8-ch Isolated Analog Input Modbus TCP Module with
2-ch DO

DIN-rail Power Supply (2.1A Output Current)
Panel Mount Power Supply (3A Qutput Current)
Panel Mount Power Supply (4.2A Output Current)

ADAMView Data Acquisition Software
OPC Server for Modbus/TCP pratocol

L] L]
Dimensions
—25.00
[ [
L]
1]
8
N
|
2.00 — = 27.00 =
Front View Side View

— 45.00 —

= 43.00 -

DIN-Rail Mounting Adapter

Unit: mm

142.00
122.00

—=| 28.00 |-—

Wall Mounting Bracket

au

UOTENGITIGETY www.advantech.com/products

|| ADMNTECH_
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Abstract

Considering the importance of combustion of gases, which is an important issue
in the field of production, transfer and exploitation of gases, it is very important
to study and predict the flame behaviour and the conditions affecting it. Flame
behaviour in a closed environment is more complicated than open combustion,
so focusing on this process requires special attention. Under conditions, if a
source of poor energy is sparked inside a pre-mixed gas mixture, the flame front
is formed and the combustion process begins. As a result of the conditions,
including the turbulence of the flow and the boundary conditions of the walls,
the flame can slowly flame and finally become detonation, which is a very
destructive and dangerous phenomenon. The process of propagation of the flame
front inside the gas mixture depends on the type of flow and the chemical nature
of the gas and the governing boundary conditions, which causes various
instabilities in the flame front, and the velocity of the flame front depends heavily
on this. According to the previous studies in the relevant section, the effect of the
porous medium on the combustion flow and flame front, including pressure
variations, burning rate and the structure of the flame front, have been studied.
The present study is an experimental study of the propagation of the flame
methane-air stoichiometric mixture in a closed duct and the effect of the porous
medium on the structure of the flame front and the parameters affecting its
propagation. The effects of porous obstacles in the flame growth path and flow
field have been studied in a closed duct experimentally. The effect of porous
obstacles with solid to its different heights has also been studied. To focus on the
effects of the porous obstacle, a sample of solid obstacle selected from wood is
also studied. The results reflect the fact that the amount of turbulence created in
the flow field by porous obstacles increases the velocity of the flame propagation
within the canal and generally maintains the initial positive flame acceleration
relative to the state without a barrier, for longer periods and in some cases causes
Increased flame acceleration also. Porous medium in the comparison with the
solid medium has a special property that is visible in the results and it prevents
the exacerbation of the compressive waves generated by the combustion process
in the flow field. It is seen that they have been reinforced in the solid obstacle of
compressive waves. Increasing the height of the porous obstacle has increased
the turbulence in the flow field and changed the structure of the propagation of
the flame front. In the case of pressure variations inside the enclosure, the
presence of obstacles also had a significant effect, which reduced the maximum
pressure inside the enclosure. Of course, it is noteworthy that porous obstacle
had a lower impact on the maximum pressure produced inside the compartment
than the solid obstacle. The change in the height of the porous obstacle is also
generally developed with increasing height, the maximum pressure produced
inside the close duct, in a shorter time.

Keywords: methane-air mixture; closed duct; porous obstacle; solid
obstacle.
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