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SECTION 1
.

INTRODUCTION

1.1 GENERAL DESCRIPTION

The Model 911 Digital Humidity Analyzer (Figure 11)is designed to measure moisture in gases for
a wide variety of laboratory and industrial applications. The instrument is a portable, AC line operated
hygrometer which utilizes the chilled mirror dew point condensation principle to determine the water
vapor concentration in gas mixtures. It incorporates a digital display for dew point temperature in degrees
Celsius that makes use of large area Liquid Crystal Displays for ease of readability everi in high ambient
light conditions.

The Model 911 Digital Humidity Analyzer is designed so that several options and acceesories may
be easily attached to the basic instrument to expand its capabilities. Analog outputs are provided at
the rear panel connector for attachment to external recording equipment. As an example, the Model
911 Digital Humidity Analyzer can be equipped with an optional Model 911-AT Ambient Temperature
Kit and optional Model 911 RH COMPN RH Computer to provide front panel display and analog out-
puts corresponding to the relative humidity of the gas being sampled. Specifications for all options and ,

accessories available for the Model 911 Digital Humidity Analyzer are given in subsection 1.3.

The Model 911 S1 Dew Point Sensor (Figure 1-2)is normally mounted directly on the rear of the Con-
trol Unit, but may be mounted remotely up to 250 feet from the Control Unit by means of the Model
911 RK Remote Mounting Kit. The sensor incorporates a new, inert proprietary NEBS (nickel elec-
troplate based surface) mirror, which has (1) a bright, hard surface to provide superior corrosion and
abrasion resistance, and (2) an inherent anti-wetting characteristic to enhance dew and frost formation.
The NEBS mirror was developed as a result of' ongoing material evaluation studies coupled with ap-
plied research in the physics of dew and frost formation on a mirrored surface.

1.2 OPTIONS AND ACCESSORIES

Options and accessories available for the Model 911 Digital Humidity Analyzer are designed to pro- !
vide system expandability to meet a wide variety of application requirements. The options, when pur- ;

chased with the basic Model 911, are installed at the factory prior to shipment. They may also be easily l
installed in the field at any time. Model 911 accessories are always shipped separately when they are i
to be installed in the field.

1.2.1 Model 911-RD LCD Readout Display Option (Figure 1-3)
,

Normally, one front panel display is provided with the basic Model 911. However, when the Model |

911 is provided with options or accessories that generate additional outputs and it is desired to display
'

any two of the outputs on the front panel simultaneously, then this option is used. When two displays
are used, the left-hand display always indicates the dew point temperature while the second Readout
Display can indicate either ambient temperature or relative humidity as selected by front panel pushbuttons.

1.2.2 Model 911-CF/660 Sensor Interface Option (Figure 1-4)

This option card may be configured in any one of three ways if the instrument is so equipped, it can
be utilized as a degree Celsius to degree Fahrenheit converter, as a Model 660 Sensor Interface, or
as both. The 'C to 'F circuit conver1s the normal degree Celsius analog outputs of -4 volts to + 6 volts i

over the rMge of -40'C to + 60'C to -0.4 volt to 1.4 volts over a degree Fahrenheit range of -40'F
to + 140*F. The *F analog outputs are provided simultaneously with the 'C analog outputs. In addition.
this option performs the conversion for both the dew point temperature and the ambient temperature
outputs if the Ambient Temperature option is being used. A switch is provided on the basic Mooet 911

11
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Circuit Card to allow the front panel digital display (s) to indicate in degrees Fahrenheit when this option |
,

'

is used with the Model 911. |

The Mod'el 660 Sensor' Interface circuit provides the proper interface between the dual LED /Phototran- |
sistor optical system in the Model 660 Sensor and the single photoresistor input to the Model 911. j

i

1.2.3 Model 911 AS/MA Module Option (Figure 1-5) j

This dual function option may be configured to provide a single alarm set point and/or a 4-20 milliampere
.

current output. The relarm set point is set as a percentage of full scale. A switch located on the AS/MA
plug-in circuit card selects the 0-10 volt signal.to.be monitored, i.e., dew point temperature, ambient |
temperature, or relative humidity. A SPDT relay provides isolated contacts for remote indication of set |
point cross-over. A choice of two relays can be provided. Option 1 relay has contacts rated at 8 VA - |

'

(resistive load), maximum volts 100 VDC, maximum switching current 0.25 ampere, and maximum i

operating current of 0.5 ampere. Option 2 relay has contacts rated at 50 VA (resistive load), maximum !
'

volts 100 VDC, maximum switching current 1 ampere, and maximum operating current of 2 amperes.
'

The 4-20 MA option provides a current output signal which is proportional to the voltage supplied to
it. A separate switch on the plug-in board selects the 010 volt signal to be converted to current. The !

MA option can be supplied with either isolated or non-isolated output. !

1.2.4 Model 911-BC BCD Output Module Option (Figure 1-6)

This plug-in circuit card can be used when fully latched, parallel, T2L compatible outputs;are required. 7

A switch on the BCD plug-in circuit card can be positioned to select either dew point or ambient temperature |
.

*data for conversion to latched BCD. The output data correspond to the data provided for the front panel
display for the parameter selected and represent 3-1/2 digits of data plus sign information, as well as - !

a data update strobe.,

1.2.5 Model 911-RH COMPS RH Computer Option (Figure 1-7) i

This option consists of a plug-in circuit card that accepts the dew point and ambient temperature in. |

formation generated by the Model 911 and then calculates the percentage of relative humidity. The i

calculated data can be displayed on the front panel display when selected by the pushbutton controls. I
In addition, multiplexed BCD data are provided at the output data connector along with an analog out- !

'put of 0 to +10 volts corresponding to O to 100% relative humidity.

N to

The Model 911 AT Ambient Temperature Accessory or externally provided am- |
bient temperature information is required in order for the Model 911 RH |

COMP RH to perform its computational functions. I
!

1.2.6 Model 911-AT Ambient Temperature Accessory (Figure 1-8)- 1

This accessory enables the Model 911 to measure and display the ambient temperature of the sam- i
pie gas. It consists of a plug-in circuit card and a remote mounting Platinum Resistance Thermometer i

(PRT). The remote mounting PRT is equipped with 10 feet of interconnecting cable as standard. Longer ;

lengths up to 250 feet are available on request. The PRT should be placed so as to measure the !
temperature at the point that the sample is being taken. If it can be determined that the temperature j
of the gas being sampled is the same temperature as the gas in the gas lines connecting to the Model ;

911 Dew Point Sensor, then the Model 911-TF In-Line Temperature Sensor Mount may te used to mount |
the PRT_ in series with the sample lines. The PRT is designed with a 3/8-inch NPT raale pipe fitting for '!
mounting purposes. I

1.2.7 Model 911-TF In-Line Temperature Sensor Mount (Figure 1-9) f
This accessory consists of brass fittings configured to provide an in-line protective mount for the Model '|

911-AT Ambient Temperature Accessory. Sample line inputs and outputs are both female 1/8-incn NPT {

15 i
r
'

. _ _ _ _ _ -_ . _- _ ,_ . ~ _ . _. _~ _



l

"

l {

~ M'" . +
-

.

." ,y ,~ 7 .t -- -

^j ,m %; _. _.
- -

:
* ' '

-1 r.--~ 1 :, ,.
Fr-- : ; . ,, . . . : I

*. '

.-%- p s. , y
- '

I s . f17._yE..

'y h *

, . " V:'|l:1Re: -
.

,

''

' , . am s.4, 4, ,

, -; 4,.,

- c. < - g. ,' ..

.' *: :",,L' l ( g ,y , '" *: M - -
-* *

.
-

f.;
- ~ . " , ' ) | ) ,

! .

n%gg
.+. .

vw.n%gs y. m m
m a s

~.
| 9x,4 ( |

-

p. c'f=- .g4,.3 :. w--e
'i

~

_-:.
j

, , , , ,,

, c.t c=_ -- - - -
r g ,. m r.e-- - ..s -m g,w

~~ ' ~ 'T*Z,~,hh{bb4 ,

|
i

i

1

FIGURE 15. MODEL 911 AS ALARM SET /4 20 MA MODULE OPTION

i

.N _ ,,

'
- -

' g

~~%.ra - - % i' M' M [ . b. ,;)y -&s
k,'M,NIf-

Q^~~ W l'. k' % .I (s
__ .- y i % er 4 % 4 e am{ m ,.v.: ,pf =-

Lf .; . ,mr .:P '* 4:.4,e 2^j
*

I .h
.

"' F
,

=, ils :T ysws utr : ~
:i .

. f| .

,. .wa. m_. .v s. m_ .. -a_n.. . s u :~
a

. ...m - - -
-

q . p .

,.

!
!

"
' ' '

-i

,fiF3 N |b ei ;. a J' - E

M dL| " $J5f2- I
.i. _. ,;,$, ;;.- g - - '

J f,6.,- p ' ' ';;; ;4.|| 7: ' '-|:. ; ,,8 :.
,

.1, f> 1 * %y) .,!.

- s,.,, m. -

s D** . S*p . p ' N. . _.
,

*
'4 .' p

. 4. ''.- 4%4.'- atS~''
- *-

x 4't.*y*=;,4.,
.

. . . -
s.

i .,
j ! , .. - : . .

, .3
_

. ..d ' rg j I j. .

FIGURE 1-6. MODEL 911-BC BCD OUTPUT MODULE OPTION
.

1-6

__ __ ___. - - --



-- ._ . ._. . _ . ._. .

.

|
-% . . L a -,".i: 1~ n. ~~ ~ =. . a . --- c

:) -1 pig:tCwwm_ I k ,.;. . R e::.: ' n' e p
---

4 tn
. .

.

- :,wa s 1

'i Et_. de m wn.:1 ts m%w m. _ y
.

:

?Y;.....,n w - (, aw :
s =

. . :) . :
y. .~. ~. ,. 4. . k. . m. . .. .. . .:: . , _ - _ , .

y- - - -. . ~ . . u <
.. . ,

_
g. m y

- - - = .
. . . . .

"|}
7NM c, -

d.f,(/,d, M,
1 ""

-

~

2,_,m'--v t. s . _ _ 2.uc

.x.u a - .~ ; ,.7.e . , ~ : -

~, N'
I. ".', . g y

,,

. ~ ~ ~ - ~ ~ - -
17

|
|

\ FIGURE 1-7. MODEL 911-RH COMPW RH COMPUTER OPTION

!

:

|

|
1

|

|

I^. _ , . , . - _ -'-
, -

'

..
, , , , ,

n
If $ 0 0 0 E. E+ . . . . :. .

.

(2*r ..6, .n.4 -

k i a tt u 4, '
_

_ - ;.

,4w- g gg-

:

FIGURE 1-8. MODEL 911-AT AMBIENT TEMPERATURE ACCESSORY

!
>

'7.

. - .--____ _ _ _ _ - _ - - - _ -



_ _ .. _ _ _ _ , _ . _ .. _ ~

,

.

.

"

i
pbe threads and the Model 911-AT Platinum Resistance Thermometer (PRT) mounts in a 3/8-inch NPT -
pm thread. Pipe thread sealer is also provided to aid in mounting the PRT into the fittings.*

1This accessory should be used only when it can be determined that the temperature of the gas in J

!
the sample lines is the same as the temperature at the point the gas sample is being taken. Otherwise,
it is recommended that the PRT be located at the sample line inputs. While the moisture content of
the sample gas is not affected by a change of ambient temperature in the sample lines, subsequent
calculations of parameters such as relative humidity are affected. For this reason care should be exer- - ,

cised in the placement of the ambient temperature PRT. j

:1.2.8 Model 911 PR Panel / Rack Mounting Kit Accessory (Figure 1-10)

This accessory is used to mount the Model 911 in a standard 19-inch rack or in a larger panel. The , ,

Model 911 Control Unit is attached to a swing-open door (7 inches high). The Model 911 Dew Point |
Sensor is mounted in a fixed position behind the door so that flexible sample lines are not required while , !

still allowing access to the Control Unit as well as to the sensor for cleaning purposes. The standard i

Model 911 Control Unit cover is removed when this accessory is used and a separate dust cover, in- J

cluded as part of the kit, is used instead.

'1.2.9 Model 911-RK Remote Mounting Kit Accessory (Figure 1-11)

This kit,provides the necessary hardware to mount the Dew Point Sensor remotely from the Model . )
911 Control Unit. The standard cable length is 10 feet, although cable lengths up to 250 feet may be ,

ordered. A mounting bracket is provided to mount the sensor at the remote location.
,

1.2.10 Model 911-DA DC/AC inverter Accessory (Figure 1-12) )
This inverter, used for portable field applications, converts a 12-volt DC storage battery power source !

16 the 115 volts AC,60 Hz power required by the Model 911. ,

|1.2.11 Model 911 SS Sample System Kit Accessoty (Figure 1-13)

The gas sampling system consists of a diaphragm pump, flow meter, and 8 feet of flexible polypropylene !
tubing with the necessary fittings to draw a gas sample through the Dew Point Sensor. ;j

1.2.12 Model 911 CJ Coolant Jacket Accessory (Figure 1-14) ]
The sensor coolant jacket consists of an alumimum liquid cooled heat sink that is used to remove !

heat from the base of the Dew Point Sensor when attempting to measure low dew point temperatures :

in high ambient temperature conditions. Inlet and outlet connections are 1/8-inch female NPT. Approx- |
imately 0.25 GPM of coolant is required (pressure not to exceed 150 psig). !

l
t

-!

]
i
i
I

.5
i

LI

i
;

!

:
r

:
i

18 i
..- - -,. - - - _ - . _ , _.. _ _ . - _ . ___ .



.. . . . _ , _ - - ._ _. . .

.

. ~ .

.

!
..

'

.

.

{~ JIr,

. ,

I
.. .

N

1
.

FIGURE 19. MODEL 911 TF IN-LINE TEMPERATURE SENSOR MOUNT

il

:
;!

'|

|

Ju% ^ ~ |-

.\ ggg m G'

.

fQg * C ?'n*n%k% ?k L
'

/C
d5 4 :.- '

O '?||***, v.~:::.' "
_ _

\ .''

e,y.

,

i

FIGURE 1-10. MODEL 911 PR PANEL / RACK MOUNTING KIT ACCESSORY

I

19

. . - - - . . . - _ . . . _ - _ . _ _ . . _. _ __ . __ __.__ _.-_ _ _____ ____ _ _ _.___ _ _ _ __ _ __ _ _ _ _ _ _
-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r
.-.

a

|
.

.e <

, . -
,

| * - - . ...
.

1
' : ~.'

'

,#
( 3

~~.

j
I % - .A |* |

it0 **
i /~ .. e ......,~..-

... ~c r,a.

%d.,
o . 1

% - ..'

I E 1-11. MODEL 911.RK REMOTE MOUNTING KIT ACCESSORY

|

Thle figure has been left blank intentionally,

i

IGURE 112, yongL 911-DA DCIAC INVERTER ACCESSORY

1-10

_ _ _ _ _ _



_.a-a J _ . . _ 4 , e a - - - - . - - w _-,

97

e

e

5

-- - --
-

- &J h
g. r'~ - e,
,.

durene w ow - 4. em

~
'

m Egi4Q M~

.. .

t.6J:.. =
r . = _ o

. ., t3MA ..;i 6% -

1 ~

%-- ' : . ==x . .
> -

_

-

FIGURE 1-13. MODEL 911 SS SAMPLE SYSTEM KIT ACCESSORY

W,'

...

- - --
. . . .

-%* ,| 'e' s * *,

.( 4 _. Fit'yi z..-i.;::-1.

e t -

4

8

/ '

f !
'

I
1>

:i_g
< , e 1.

- - yp:e ' ;
- :e. , . . .

h
'

.L
'- [ '' *Ir + ,, r, :g.*

- ,

FIGURE 1 14. MODEL 911-CJ COOLANT JACKET ACCESSORY

1-11

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ , _ .



.~ . . . ~ . -.- . .- . . ,

''
<

,

,

a.

.* ,

113iGENERAL SPECIFICATIONS :

DEW POINT AND RH RANGE -40*C to + 60*C (-40*F to + 140*F).
5% to 100% RH with RH option.

iACCURACY to.3*C (10.54*F) Dew Point / Ambient Temperature, .
jNominal

iO.5% RH Nominal- |

DEW POINT DEPRESSION 45'C (80*F) Nominal !

DEPRESSION SLEW RATE 2*C (4*F)/second maximum ;

DEW POINT SENSITIVITY - 10.06*C (10.1'F)- .!-

'

SAMPLE FLOW RATE 0.25 to 2.5 liters / minute (0.5 to 5.0 SCFH)
SAMPLE PRESSURE O to 24 Kg/cm2 (0 to 200 psia)

Proof Pressure 21 KG/cm2 (300 psia)- !

' 50'C to +70*C (-60*F to + 160*F)OPERATING TEMPERATURE -

- Dew Point' Sensor

-50*C to + 130*C (-60*F to + 266*F) ]
- - Ambient Temperature Sensor

+ 4'C to + 50*C (+ 40*F to + 120') .;

- Control Unit !

AUXILIARY COOLANT Water (or other) -' 1 liter / minute
(OPTIONAL) (1/4 gpm) at 10.5 Kg/cm2 (150 psig) max., to augment

cooling capability of sensor when necessary i

DEW POINT TEMPERATURE Swire Platinum Resistance Thermometer'(PRD,. !
SENSOR 100 ohms nominal at O'C !

,

AMBIENT TEMPERATURE SENSOR Swire Platinum Resistance Thermometer (PRT),
(OPTIONAL)- 100 ohms nominal at O'C

DISPLAY (S) S1/2 digit LCD digital data display, -40*C to.+60*C, =

or -40*F to + 140*F, resolution 0.1*C/0.1*F '

OUTPUT (S) Standard:
:-4 V to +6 VDC, Dew Point
. 0 V to + 10 VDC, Dew Point -

Optional: !
1) -4 V to 10 VDC, Ambient Temperature 1

2) O to 10 VDC,. Relative Humety
3) W4h *F Option:

-0.4 V to + 1.4-VDC, Dew Point
-0.4 V to +2.66 VDC, Ambient Temperature

- 4) BCD, 3-1/2 digit, 8-4-21 parallel, T2L compatible <

5)' Multiplexed BCD for RH
(All analog outputs are simultaneous when instrument
is equipped with applicable options)

WEIGHT 5 Kg (11 pounds)

POWER 115/230 VAC i10%,50 to 400 Hz,70 watts
(maximum)

1-12
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f SECTION 2
;

INSTALLATION PROCEDURES i

.
2.1 MECHANICAL INSTALLATION ,

,

The Model 911 Digital Humidity Analyzer mechanical dimensions are shown in Figure 21. The basic |
instrument is designed for bench-top mounting with plastic feet for support. The instrument should be
used in an area where the ambient temperature is between +40 and + 120*F (+4 and + 50*C) and r

where free air circulation for convection cooling is provided.
,

i

' The ambient temperature range of the Model 911 Sensor when mounted on the rear panel of the ;

Model 911 Control Unit is the same as the Control Unit, +40 to + 120*F (+4 to +50*C). When the -

Model 911 Sensor is mounted remote from the Model 911 Control Unit, using the Model 911 RK Remote ..

Mounting Kit, the ambient temperature range of the Model 911 Sensor is -40 to + 160*F (-40 to +70*C). 1

2.2 ELECTRICAL INSTALLATIONS

The Model 911 Digital Humidity Analyzer is provided with a standard 3-wire power line cord for use
with a grounded 115 VAC,60 Elz power outlet. Satisfactory operation is obtained over the range of 115 ' |

VAC.110% and 50-400 Hz. The instrument requires up to a maximum of 70 watts and is fused with
0.75 amp Slo-Blo fuses located on the Main Circuit Card (Figure 2-2) inside the instrument (115 VAC). |

The instrument is also designed to operate on 230 VAC 10%. If operation on 230 VAC is required,' |

the Control Unit cover should be removed and 115/120 switch S8 should be operated to the 230 VAC l
position. At the same time, fuse F-1, located near S8, should be changed to a 0.375 amp Slo-Blo type. j

I
1::::::::::::::

! , CAUTION h -

''::::::::::::?
'

Access to S8 and F1 is obtained by removing the clear plastic cover attached
to S8. Do not remove this cover or attempt to change the fuse without first making
sure that the power cord is disconnected from the source of AC power. Fuses
for operation on either range are included in the Cleaner Kit provided with each
instrument.

Output data connector J13 is located at the rear panel of the Model 911 Control Unit. Only isolated
low voltages appear on J13. These outputs are not dangerous to touch. Mating connector P13. equipped
with a cable hood, is provided to aid in making extemal connections to the Model 911 outputs. No out-

..
.

put data connections are required for operaton since the data generated by the Model 911 may be
observed on the front panel display. However, when the Model 911 outputs are to be used for external'
. recording or monitoring functions, connections should be made to P13 as shown in Table 2-1.

2.3 SAMPLING CONFIGURATION

The Model 911 Sensor gas sampling connections, while not intricate, may result in measurement dif- j
ficulty if leaks and contamination problems exist. The Model 911 reads the dew point of the sample ;

present in the sensor. However, contamination in the sample gas can result in some degree of error. !

Sample lines are connected by means of the 1/8 NPT sample ports at the sensor. Only clean lines whicn |
are non hygroscopic and free of leaks should be used. Stainless steel, copper, or polypropylene tubing '

1/8-inch or 1/4-inch in diameter should be used. The lines may be cleaned with freon or chlorothene
if residual cutting oils or particulate matter are suspected to be present.

21
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TABLE 2-1. P13 OUTPUT CONNECTIONS *

Pin Number - Description of Output or input Notes
,
.

1 +5 VDC Logic Voltage 1

2 + 15 VOC 1 <

'

3 D.P. or A.T. BCD Digit 4-2 2-
4 D.P. or A.T. BCD EOC (End of Conversion) 2

5 D.P. or A.T. BCD Digit 4-8 2
6 D.P. or A.T. BCD Digit 3-40 2- |
7 D.P. or A.T. BCD Digit 3-80 2- |

'
8 D.P. or A.T. BCD Digit 2 200 2
9 D.P. or A.T. BCD Digit 2-800 2 :

'
10 D.Pior A.T. BCD Polarity 2
11 Common Ground, Analog (Ambient Temperature PRT ;

Drainware)
' <

12 0 VDC to + 10 VDC Out, Dew Point
.

j

13 -4 VDC to +13 VDC Out, Ambient Temperature, 'C 3 !
14 -4 VDC to +6 VDC Out. Dew Point *C '

15 Analog Relay Contact - Normally closed 5
,

16 Alarm Relay Contact - Common -5 '

17 Ambient Temperature Cable input - Red. Wire 3
18 -0.4 VDC to 2.66 VDC Out, Ambent Temperature 'F 3,4,9 *

19 Relative Humdty BCD Out 0 0 6 '
1

20 Relative Humdty BCD Out DS 0 63 ,

21 Relatrve Humdty BCD Out DS 0 6 :2
22 Reistive Humidity BCD Out O 0 6. 5

2

i

Pin Letter

A Common Ground, Digital
B -15 VDC 1 ..

C +5 VDC Reference (or 4 20 MA Retum) 1.8
D D.P. or A.T. BCD Digit 4-4 2
E D.P. or A.T. BCD Digit 41 2 |
F D.P. or A.T. BCD Digit 3-20 2 )
H . D.P, or A.T. BCD Digit 310 2 ;l
J D.P. or A.T. BCD Digit 2-400 2- !

K D.P. or A.T. BCD Digit 2100 2 'I
IL D.P. or A.T. BCD Digit 1 (1/2 Digit) 2

M -4 V (or 4-20 MA Out) 8
1 -0.4 VDC to +1.99 VDC Ext. Ambient Temperature 7,9

Analog Data in

2-4
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TABLE 2-1. P13 OUTPUT CONNECTIONS (Cont.) '.

( .; q .

f

,,
Pin Letter ' Description of Output or input Notes .

4. -|

P 0 VDC to +10 VDC Out, Ambient Temperature Out
'

(-40*C to + 60*C) .
3.*

,

R Alarm Relay Contact - Normally Open
.

5 H
S -0.4 VDC to +1.4 VDC Out. Dew Point. .*F. 4,9

'

;. T Ambient Temperature Cable input - Black Wire 3
U 0 VDC to +10 VDC RH Analog Out 6
V Ambient Temperature Cable input - White Wire 3 j

W Relative Humidity BCD Out 0 0 6 !3
X Relative Humidity BCD Out DSg0 6 i

Y Relative Humidity BCD Out DS 0 64
Z Relative Humidity BCD Out 0 0 60

1

NOTES

1. Instrument supply voltages are provided on output connector for monitoring purposes only,
not for powering of external loads.

2. Outputs available only when optional Model 911-B0 Output Module Option is installed.

3. Outputs available only when optional Model 911-AT Ambient Temperature Accessory is
. installed.

4. Outputs available only when optional 911-CF'F Readout Capability' Option is installed.

5. Outputs available only when optional Model 911 AS Alarm Set Module Option is installed.

6. Outputs available only when optional Model 911 RH COMP RH Computer Option is '
installed.

7. Provision for analog input voltage from extemal source for ambient temperature (Model 911-AT f
Acca==vy) not installed. Consult factory for other input ranges.

8. Supply voltages not present when 4-20 MA option is installed (see paragraph 3.2.2.4).

9. When the ABC option is installed, see paragraph 4.2.7. " Output Connector Changes."

r
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The use of valves, regulators, or numerous fittings should be avoided, and when regulating valves,
pumps or flow gauges are used, they s'iould be located on the exhaust side of the system but not between
the sample and the sensor, if possible. The optimum flow rate is between 0.5 SCFH and 5 SCFH. The
sensor is insensitive to flow direction. In most applications, it is desirable to use a sampling system in
which the pressure at the sensor is the same as the pressure at the desired point of measurement.
Pressure changes in the sampling system are accompanied by dew point changes and must be taken
into account during date interpretation (see Section 7, page 7-3). Where sample lines or components
might be below the anticipated sample dew point. temperatures, condensation may occur in the system,
resulting in errors. In this event, heated lines and components must be used. Gases containing par-
ticulate matter should be filtered as close to the sampling point as feasible. Gases containing vapors
(in addition to water) at concentrations that will cause them to condense at temperatures above the water
dew point generally cannot be measured satisfactorily.

In some applications where the ambr dev point is being measured, the sample can be provided
by air circulation if the sensor cover is remvcu. In these applications, avoid using intense light sources
ct the location of the sensor. Absence of any air motion is not considered conducive for proper opera-
tion. Section 7 of this manual contains additional information regarding sampling systems.

2.4 INSTALLATION OF OPTIONS AND ACCESSORIES

As a matter of convenience to the customer, int,tallation of the Model 911 options will be made at
the factory when ordered with the Basic Model 911 Digital Humidity Analyzer All Model 911 accessories
are designed to be field installed. Instructions given below should be followed for the installation of ac-
cessories and options when ordered separately. (All plug-in circuit cards are keyed to prevent installa-
tion in the wrong mating connector.)

2.4.1 Model 911-CF 'F Readout Capability Option

1. Turn AC power off.

2. Remove the Model 911 Control Unit cover by removing the four No. 6 screws securing it to the chassis.

3. Plug the Model 911-CF option circuit card into J5 on the Main Circuit Card of the Model 911 Con-
trol Unit.

4. Operate switch S7 on the Main Circuit Card (push-push type ) to its "IN" position if desired to display
data in degrees Fahrenheit on the front panel display.

5. Replace the cover, using the four screws removed in step 2.
6. Turn AC power on and operate.

2.4.2 Model 911-AS/MA Module Option

1. Set AC power to off. Remove the AC line cord from the AC source.

2. Remove the Model 911 Control Unit cover by removing the four No. 6 screws securing it to the chassis.

3. If the option is equipped with a milliampere (MA) module, proceed with steps 3A and 38. If the
option includes alarm set only, do not do steps 3A and 38, but proceed to step 4.
3A. Locate Bridge Pads M and C on the Main Circuit Card. Bridge Pad C is located to the far

right of J3. Bridge Pad M is located to the near side of J7. The Bridge Pad is shaped as follows:

_

' BRIDGE

38. Use a sharp pen knife to carefully cut the bndges on Bridge Pads M and C. This step isolates
'

the 4-20 MA output from the + 5 V reference and -4 V outputs.

2-6
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J4. The Alarm Set circuit has an associated selector switch (SI) on the AS/MA option card. Likewise,
the MA circuit has an associated selector switch (S2). Operate either or both switches as desired -*

. to activate the alarm relay and/or the MA output on either DP, AT, or RH..

Switch Position . Signal

1 1 Dow Point
,

2 - Ambient Temperature (optional)
ka 3 Relative Humidity (optional)-

' 5. Plug the Model 911 AS/MA option into J7 on the Main Circuit card of the Model 911 Cortrol Unit.

6. Attach external alarm indicating equipment to J1315,16, and R (see Table 21) as required, being .
careful not to exceed the alarm relay specifications outlined in paragraph 1.2.3.

7. Attach external current monitoring equipment to J13-M (+)'and J13-C (-).
8. For the Alarm Set option, turn power on and press the Alarm Set pushbutton on the front panel.

| Adjust the display reading to % full scale alarm pint desired by_ adjusting the potentiometer Rx
located on the left side of the Alarm Set Board. An aoNstment toolis provided as part of the cleaner -
kit. Refer to paragraph 3.2.2.4 for the associated tra.;,'er f.;nctions.

9. Release the Alarm Set pushbutton.-

10. Replace the cover using the four screws removed in step 2.

2.4.3 Model 911-8C BCD Output Module Option

1. Tum AC power off.

2. Remove the Model 911 Control Unit cover by removing the four No. 6 screws securing it to the chassis.
~

3. Operate the switch on the Model 911 BC option to either D.P. or A.T. as required by application.

4. Plug the Model 911-BC option into J3 on the Main Circuit Card of the Model 911 Control Unit.

5. Replace the cover using the four screws removed in step 2.

6. Make necessary connections from J13 to extemal equipment (see Table 21).
,

7. Tum AC power on and operate. |

2.4.4 Model 911-RH COMPN RH Computer Option |

1. Turn AC power off.

2. Remove the Mode 1911 Control Unit cover by removmg the four No. 6 screws securing it to the chassis.

3. Plug the Model 911-RH option into J4 on the Main Circuit Card of the Model 911 Control Unit. J

~

4. Replace the cover using the four screws removed in step 2.
5. Tum AC power on and operate.

2.4.5 Model 911-RD LCD Readout Display Option

1. Tdm AC power off.

2. Remove the Model 911 Control Unit cover by removing the four No. 6 screws secunng it to the chassis.

3. Remove the two wire clamps and the black card from the right-hand opening on the front panel
of the Model 911 chassis.

4. Install the Model 911 RD option behind the front panel in the same manner as the one already
installed (same orientation).

27
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5. Unplug left-hand display from DP2 on the Model 911 Main Circuit Card and plug it into DP1 on
the same card. )

6. Plug the new display just installed into DP2 on the Model 911 Main Circuit Card. .j

7. Replace the cover on the Model 911 chassis using the four screws removed in step '2. !
'

8. Turn AC power on and operate. (The left-hand display will indicate dew point temperature and
the right-hand display will indicate the parameter selected by the front panel pushbuttons.)

2.4.6 Model 911-AT Ambient Temperature Accessory i

~ 1. Turn AC power off.

2. Remove the Model 911 Control Unit cover by removing the four No. 6 screws securing it to the
chassis.

3. Plug the Model 911-AT Accessory Circuit Card into J6 on the Model 911 Main Circuit Card.
4. Replace the cover using the four screws removed in step 2.

'

5. Remove external output data connector J13 from the rear panel of Model 911 Control Unit P13
and disassemble the plastic hood from around the connector.

6. Attach the leads from the Model 911-AT Accessory Platinum Resistance Thermometer (PRT) to
the connector by soldering the wires to the appropriate connector pins: i

Wire Pin
Red to 17
White to V
Black to T '

Drain to 11-

7. Reassemble the connector hood removed in step 5 to J13.

8. Install the PRT in the desired location before plugging connector J13 back onto the rear panel
of the Model 911 Control Unit.

,

NOTE

The standard cable length supplied with the Model 911 AT accessory is 10 feet.
Cable lengths up to 250 feet may be purchased. For cable lengths greater than
50 feet, adjustment to the ambient temperature PRT amplifier must be made.
This is normally done at the factory when the longer cable length is ordered
with the kit. If additional cable is added after purchase, this readjustment must-

be made by the customer. The procedure for this adjustment is similar to that
given for the dew point PRT in the Maintenance Section of this manual, Sec-
tion 6, page 6 7.

2.4.7 Model 911-CJ Coolant Jacket Accessory

This accessory can be used when the Model 911 RK Remote Mounting Kit Accessory is used or when
the sensor is to remain mounted to the rear panel of the Model 911 Control Unit.

'

1. Turn AC power off.

2. Remove the Mode! 911 Sensor from the rear panel of the Model 911 Control Unit by removing
the four screws retaining it and by carefully removing the connector.

3. Install the four standoffs included with the Model 911-CJ Accessory to the rear panel of the Model
911 Control Unit where the sensor was removed. if the sensor is still to be mounted to the rear
panel. The standoffs are not required to attach the sensor to the mounting bracket of the Model-
911 RK Remote Mounting Kit, if it is used.

2-6
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4. Attach the Coolant Jacket to the standoffs. Use the sensor to hold the Coolant Jacket in place.
The longer screws provided are used to hold the sensor to the standoffs with the Coolant Jacket
in between. Ensure that the coolant connections (1/8 NPT) for the Coolant Jacket and the sample !

'

line connectors for the sensor are oriented properly to facilitate other connections and that the
sensor has been mated either to the Model 911 Control Unit sensor connector or the connector
on the end of the Remote Cable.

2.4.8 Model 911-PR Panel / Rack Mounting Kit Accessory |

The Model 911 PR Panel / Rack Mounting Kit Accessory allows the Model 911 to be converted from
a bench-mounted model to one that can be mounted in either a panel or rack. When mounting in a
panel, a template included with the kit provides for ease in locating the necessary cutout and mounting
holes. Once installed in a panel, the hole cutouts are covered by the front panel of the kit.

For rack mounting, a standard EIA 19-inch rack is required. Panel height required is 7 inches. When
mounted in this configuration, the Model 911 extends 10 inches behind the front panel.

Installation Instructions:

1. Unpack the Panel / Rack Kit and lay out all parts and hardware received.
1 - Front Panel
1 - Hinge
1 - Hinge Plate
1 - Control Unit Bottom Angle Support Bracket
1 - Control Unit Top Support Plate
1 - Control Unit Dust Cover
1 - Sensor Support Bracket, Top ,

1 - Sensor Support Bracket, Bottom '

1 - Cable Clamp
1 - Panel Cutout Template for Panel Mounting Only
1 - Lot Hardware

2. If the Model 911 is to be mounted in a panel, attach the template to the panel in the desired loca- i
'

tion with tape and cut out the panel opening and drill out the hinge mounting holes as indicated.
If rack mounting is to be used, discard the panel template.

3. Remove the Model 911 bench mount cover with the handle and replace it with the unpainted !

handleless dust cover provided in the kit. ;

4. Remove the Model 911 Sensor from the rear of the Control Unit, saving the hardware, and unfold i
the cable connnecting the sensor to the Main Circuit Card. )

'

5. Remove the two front plastic feet from the base of the Control Unit and attach the bottom single !
support bracket to the bottom front of the Control Unit using the screws of the rubber feet removed

,

above.

6. Attach the bracket secured in step 5 to the 19-inch front panel of the kit with four No. 8 flat head |
screws (black). )

7. Secure the top of the Control Unit front panel to the 19-inch front panel of the kit by means of
the Control Unit top support plate and four No. 8 flat head screws (black).

8. Attach one side of the hinge to the 19-inch front panel using the 1/4-20 hardware. 1

9. Mount the two sensor support brackets to the sensor. The sensor may be rotated as desired for
ease of plumbing. |

10. Attach the free end of the hinge to the mounting holes of the panel or rack with 1/4-20 hardware, i

picking up the two sensor support brackets.
11. Using the cable clamp provided, secure the cable from the Control Unit to the sensor uncerneath

the Control Unit by removing one of the rear plastic feet to provioe an attachment point.

l
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,12. The Model 91'1 is now mounted on a swinging hinged door that allows it to be swung out for ac-' '

cess to the electronics and also for access to the sensor for mirror cleaning. In this configuration, i

the sample lines to the sensor are stationary. The latch keeps the swinging door closed during -|
normal operation.'

'

-|
2.4.9 Model 911-RK Remote Mounting Kit Accessory - f

This accessory is u' sed when locating the Model 911 Sensor remote from the Model 911 Control Unit. |
The maximum distance is 250 feet. The standard length of the cable included in the kit is 10 feet. if . ;

- additional lengths of cable are required, it should be specified at time of purchase. !

NOTE !,

When the Model 911-RK Remote Mounting Kit is purchased with the Model i

911 Digital Humidity Analyzer, the Model 911 Control Unit Platinum Resistance i

Thermometer (PRT) amplifier will be adjusted for the length of cable purchased. !
-

When cable lengths greater than 50 feet are used, readjustment is necessary i
to maintain accuracy specifications. Consequently, if the Model 911-RK ace j
cessory is purchased after shipment of the Model 911 Digital Humidity Analyzer . ;,

and the cable length exceeds 50 feet, perform the PRT Amplifier Calibration 4

'
procedure included under Maintenance, Section 6, page 6-7.

1. Tum AC power off.
2. Remove the Model 911 Sensor from the rear panel of the Model 911 Control Unit by removing .

the four screws retaining it and carefully unplugging the sensor connector. ;

3. Attach the male end of the Model 911-RK accessory cable to the Model 911 Control Unit connec- |
tor removed in step 2, and secure the cable mounting plate to the rear panel using the screws . !
provided. !

4 Mount the sensor to the remote mounting bracket provided and attach the female end of the remote |
cable to the sensor. '

5. Recalibrate the PRT Amplifier, if necessary, as previously discussed. ;

2.4.10 Model 911-SS Sample System Kit Accessory i

The Sample System Kit consists of a Neptune Dynapump Model No. 2, a Brooks 0 5 SCFH flowmeter, !
cight feet of tubing, and all necessary hardware and fittings for attaching to a Model 911 Sensor. Inter-

3
connecting suggestions are included with this accessory. ;
2.4.11 Model 911-DA DC/AC inverter Accessory :

This inverter will convert a 12 VDC battery power source to a 115 VAC,60 Hz, power source to power l
the Model 911 Digital Humidity Analyzer in portable field applications. Attach a battery to the inverter, !
observing correct polarity, and plug the Model 911 Digital Humidity Analyzer into the inverter output.-

;
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SECTION 3

OPERATION
.

3.1 PREPARATION FOR OPERATION

The Model 911 Digital Humidity Analyzer, as shipped,is designed for operation on 115 VAC and has
'

been tested as such. However, prior to using the equipment, certain precautionary checks should be
made to ensure that the Model 911 is set up properly for the particular application in question.

'

3.1.1 AC Input Voltage Selection
'

Select the input voltage planned for your installation, either 115 VAC or 230 VAC. Switch S8 makes
this selection easy after the cover of the Model 911 has been removed. When shipped, the Model 911,

is equipped with a 3 AG 3/4 amp Slo-Blo fuse. If operation is planned for 230 VAC, fuse F1 should be
changed to a 3 AG 3/8 amp Slo-Blo.

. . ____ _________

!I cat [T10hl
n::::::::::.:?

I

When changing the fuse for any reason, ensure that the Mode 1911 power cord
has been disconnected from the source of AC power. The fuse will be elec-
trically eaergized otherwise.

Access to the fuse is gained by removing the two retaining nuts on S8 that are securing the plastic
protection shield. Reinstall tim plastic shield after the fuse has been changed. See Figure 2-2 for the ,

location of S8 and F-1.

3.1.2 initial Setup

If possible, locate the Modei 311 Digitcl Humidity Analyzer in a clehn area where free convection of
air is possible underneath and around the sides of the Model 911 Control Unit chassis. Install any op-
tions not previously installed and any accessories, following the installation instructions of Section 2 of
this manual. Operate any option switches to their appropriate positions for the application. If equipped
with the Model 911-CF option, select *C or *F for display by operating S7 (in for *F) located on the i

Main Circuit Card. Make any connection to external recording or monitoring equipment as necessary
-

at rear output connector P13. Connect the Model 911 Sensor to the gas sample with
cleaned, nonbygroscopic piping with leak-free connections, keeping the sample lines as short as possi-
ble, and provide for a sample flow rate of about 2 SCFH. Use nonhygroscopic filters, if necessary, to
remove particulate matter from the gas sample. !

3.2 OPERATING PROCEDURES
-

!
'

NOTES

The following procedures are applicable for operation of the basic Analyzer.
If the Model 911 Automatic Balancing Control (ABC) option is used, refer to 1

paragraph 4.2.7, page 4 5. {
if the Model 660 S2 Sensor is used in place of the Model 911 S1 Sensor, refer
to paragraph 3.2.2.7, page 3-5.
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3.2.1 Operation of Model 911 Digital Humidity Analyzer

1. Tum the instrument on by depressing the POWER switch. When ON, the color of the switch changes
from black to amber. If power is applied, the digital display (s) will illuminate also.

2. If a Model 911-RH COMP RH Computer option is installed, press AMB TEMP to display the am-
bient temperature. Then press the BAUOPR switch to the BAL position. The BAL position is in-
dicated by the switch changing from black to green. At this time, the mirror surface in the sensor
is heating up to ensure that all condensate is removed. The BAL (balance) position of the BAUOPR
switch is further indicated by the illumination of an arrow annunciator in the display (s) over the i sign.

3. Allow the instrument to remain in the BAL condition for at least one minute. If the DEW POINT
is selected for display, the display will be indicating the sensor mirror temperature directly. After
a minimum of one minute, adjust the BALANCE control knob if the indicator on the CONTROL
CONDITION meter is not in the white section of the meter. If a balance condition cannot be
achieved, clean the sensor mirror (see Section 6), if this has not already been done. If the mirror

- is known to be clean and balance cannot be obtained with the BALANCE control knob, set the
BALANCE control knob to its full CCW position and adjust SEN CAL potentiometer R3 on the Main
Circuit Card (see Section 6 and Figure 2-2).

4. When a balance condition has been achieved, place the BAUOPR switch in the OPR (operate)
position. The arrow annunciator in the display (s) will be extinguished and the BAUOPR switch will
change to black. At this time, the dew point temperature will begin to fall and the CONTROL CON-
DITION meter will indicate to the far right (blue), indicating that the instrument is cooling the mirror
surface toward the dew point at its maximum rate.

When the dew point temperature is reached, the displayed value will drop below the dew point of
the gas, and the CONTROL CONDITION meter will begin to swing to the left. This is caused by conden-
sate forming on the mirror surface in the Model 911 Sensor and resulting in a reduction in the cooling
rate of the mirror, causing it to heat up slightly. In a short time, the indicated dew point temperature
will stabilize at the sample dew point. When this occurs, the CONTROL CONDITION meter will be reading
steady to the right of center. The degree of deflection depends on the dew point depression required.
The meter will read near the center for high dew points and to the far right for low dew points. (The
dew point depression is the difference between the ambient temperature and the dew point temperature
of the gas sample.)

Sudden changes in the dew point of the gas sample will result in a fluctuation of the CONTROL CON-
DlTION meter followed by a change in the indicated dew point. A constant fluctuation of the CONTROL
CONDITION meter is indicative of control loop oscillation and may occur at high sample flow rates or
ct high gain settings of the control electronics (an internal instrument adjustment). The constant fluctua-
tion is not detrimental to obtaining good data when dew point temperature indication is steady.

3.2.2 Operation of Options and Ambient Temperature Accessory

When the basic Model 911 Digital Humidity Analyzer is equipped with various options and accessories,
the basic operation just described is unaffected. Added options and accessories simply increase the
versatility of the basic instrument. The added features of each are discussed below.

3.2.2.1 Model 911-RD LCD Readout Display Option

The basic Model 911 is equipped with one display. The dew point temperature is shown on this display
in degrees Celsius, as indicated by the letter C to the right of the decimal digits. When only one display
is incorporated and the Model 911 AT Ambient Temperature Accessory is used, the data selected for
display are controlled by mutually exclusive selector switches DEW POINT or AMB TEMP. If the Model
911-RH COMP RH Computer option is also incorporated. then the % RH selector switch can be used
to display % RH.

The character H is displayed to the right of the decimal digits when % RH is selected for display.
However, if this Model 911 RD option is used, providing two simultaneous displays, then the left-hand

32



.

.

.

display will always display dew point data only and the right-hand meter will display the data selected
by the data select switches - either DEW POINT, AMB TEMP, or % RH.

3.2.2.2 Model 911-CF 'F Readout Capability Option

When the basic Model 911 Digital Humidity Analyzer is equipped with this option. * Fahrenheit analog
outputs are provided simultaneously with the ' Celsius analog outputs. Front panel display of data may,
however, be either in 'F or C. By removing the cover to the Model 911 Control Unit, switch S7 on
the Main Circuit Card becomes accessible. This switch determines which analog voltage, C or 'F, will
be digitized for display purposes and for use by the Model 911-BC BCD Output Module if one is used.
Switch S7 is of the push-push variety. When it is in the 'F position, character F will be shown in the
display (s) on the front panel along with the 'F digital data, and when in the 'C position, character C
will be displayed. This option provides for *F conversion of both dew point and ambient temperature
even though dew point may be the only parameter the instrument is equipped to measure. Later addi-
tion of an ambient temperature capability by means of the Mode 1911-AT Ambient Temperature Accessory ;

does not require an additional Model 911-CF option. (!f so equipped, both dew point and ambient
temperature must be displayed in the same format, either *F or 'C.)

3.2.2.3 Model 911 BC BCD Output Module |

This module provides 3-1/2 digit, parallel, latched T2L compatible outputs for either dew point or am-
bient temperature. Selection of dew point (D.P.) or ambient temperature (A.T.) for BCD output is made
by means of slide switch S1, located on the top of the Model 911-BC Option Circuit Card. Access to j
this circuit card is obtained by removing the cover of the Model 911 Control Unit.

Connections to the BCD outputs are made at Model 911 Control Unit rear panel connector J13 in
accordance with the output pin data shown in Table 2-1. Data are valid whenever the EOC line (J13-4)
is high (+ 5 volts). Digit 4 is the Least Significant Digit (LSD). Note that the 1/2 digit (J13-L), the Most
Significant Digit (MSD) information, is reversed from the other outputs in that a low (0 volts) output
represents a digit 1 for the MSD, whereas a high output ( + 5 volts) on this MSD line indicates that the
MSD is a zero. The polarity output on J1310 is a low (0 volts) for NEGATIVE and a high ( + 5 volts)
for POSITIVE.

3.2.2.4 Model 911-AS/MA Module Option
This option provides a single point alarm capability and/or a 4-20 MA current output for the Model i

911 Digital Humidity Analyzer. The alarm may be set to any value within the dew point, ambient temperature, )
or relative humidity ranges. Switches on the Model 911-AS/MA circuit card select the output signal that I

the alarm circuitry will monitor or that will be converted to current. The Alarm Selector switch is S1. The
MA selector switch is S2. Each switch selects Dew Point (position 1), Ambient Temperature (position 2),
or % Relative Humidity (position 3). Access to the Model 911-AS/MA circuit card is obtained by removing
the cover of the Model 911 Control Unit. The position of these switches should be checked to ensure
that they are in the position desired.

To set the alarm point, press the ALARM SET pushbutton on the front panel of the Mode! 911 Control
Unit. The display (s) will indicate the alarm set point as a % of full scale of the parameter being monitored.
either dew point, ambient temperature, or % RH. Since the standard dew point and ambient temperature
ranges are from -40*C to +60*C or a 100*C spread, then the alarm set point as a percentage of full
scale is determined by adding 40 to the desired set point temperature. Fbr instance, if the desired set ,

'

point for either dew point or ambient temperature is O C, then the alarm set point as a percentage of
full scale is 40%. Similarly, a +10*C alarm set point corresponds to 50% of full scale.

When the ALARM SET pushbutton is in, the switch color changes from black to yellow. At the same
time, the display (s) will indicate character A to the right of the decimal data and the decimal data will
indicate the set point as a percentage of full scale. Adjustment of the set point is accomplished by ad-
justing the potentiometer Rx on the left side of the Alarm Set Board. Use care to NOT adjust one of
the other potentiometers on the board by mistake. Once the adjustment has been made, push the ALARM
SET pushbutton agam so that the black color shows and the front panel oisplay(s) again indicate data
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Since the relative humidity output is on a percentage basis already, the alarm point for the % RH output
can be set directly.

Depressing the ALARM SET switch to display the alarm set point does not affect the operation of the
Model 911 Digital Humidity Analyzer or the analog output of dew point and ambient temperature. However, .

' - the BCD outputs from the Model 911 BC option wi|1 change and indicate the alarm set point. The %
RH digital and analog outputs will go to 99.9% RH for as long as the alarm set point is being displayed.

The 4 20 MA option is available at rear connector P13, Pin M (+), and Pin C (return). Normal supply
voltages (+5 Ref and -4 V) have been deleted from this connector with the installation of this option. t

The 4-20 MA output corresponds to the instrument range of -40*C to +60*C (-40*F to +140*F). The
i

transfer functions for Dew Point and Ambient Temperature are:

(MA output x 6.25) - 65 = DP or AT in degrees C r

(MA output x 11.25) - 85 - DP or AT in degrees F

The transfer function for Relative Humidity is:

(MA output x 6.25) - 25 = % Relative Humidity ,

3.2.2.5 Model 911-RH COMPW ''M Computer Option

This opt:on provides the Modei 911 Digital Humidity Analyzer with the capability to display percentage
or relative humidity based on the dew point and ambient temperature inputs. The dew point data are .

provided by the Model 911 Sensor. The ambient temperature data are provided by either the Model '

;

911 AT Ambient Temperature Accessory or an externally provided analog input voltage corresponding
to temperature. At the same time, an analog output voltage of 0 to + 10 VDC is provided at the Model
911 Contrei Unit' output on J13 U corresponding to O to 100% relative humidity.

iMultiplexed 3 digit BCD % RH data are also provided at the rear output connector of the Model 911
Control Unit. These data are provided by O 0. 0 1,0 2, and 0 3. 0 0 is the Least Significant Bit !

0 0 0 0 0
(LSB) of each digit and 0 3 is the Most Significant Bit (MSB) of each digit. j

0
Digit Select DS20 goes high to signify that the data on 0 0 to 0 0 at that moment correspond to !0 3

digit two. Similarly, Digit Select Output DS30 indicates when the data on 0 0 to 0 0 correspond to0 3
digit three. Finally, Digit Select Output DS40 is high for output data for digit four. Digit Select Output
DS10 is not used. Digit two is the most significant digit.

--

The % RH multiplexed digital data shculd be strobed into external hardware on the trai!ing edge of
'

the appropriate Digit Select signal. The Digit Select lines and output data lines operate between 0 volts ;

and + 5 volts DC, but are C/MOS rather than T2L compatible. ;

Percentage of RH is indicated on the front panel display by depressing the % RH pushbutton switch i

on the front panel of the Model 911 Control Unit. Character H will appear to the right of the decimal |

digits, indicating that the display is providing % humidity. .

3.2.2.6 Model 911-AT Ambient Temperature Accessory

When equipped with the Mode 1911-AT Accessory, the Model 911 Digital Humidity Analyzer will measure
>

the ambient temperature sensed by the remote Platinum Resistance Thermometer (PRT) included in
the accessory kit. The PRT cable should be attached to the Model 911 Control Unit rear panel connec-
tor J13 in the following manner.

.

5

'
.
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' Wire ; Connector
:!";.

.

.h
PRT Cable Drain (shield) .to 'JIS11 ;
PRT Cable Red to J1S17 :

C PRT Cable Black to . J1ST - |
PRT Cable White to - J1SV,

To display amb'ent temperature, depress the AMB TEMP pushbutton. !
!

. 3.2.2.7 Model 911 with 660 S2 Sensor

The Model 911 Humidity Analyzer may optionally be equipped with a Model 660 S2 Sensor. (Any
-

_.

' reference in the Manual to the Model 911 S1 Sensor should be considered with the data contained in - ,

this paragraph.) The required changes to the system operation and adjustments are detailed here. '

The Model 660 S2 Sensor can be used in place of the Model 911 S1 Sensor when the dew point range a,

or the ambient temperattno range is beyond the specifications of the Model 911 S1. Sensor. - ;

The dew point range of the Model 660 S2 Sensor is -50*C to +100*C and the ambient temperature. '.

range is -50*C to +100*C. Two separate sets of LEDs and phototransistors are used in the sensor. One .;
set is used to illuminate the mirror surface and to detect the reflected light from the mirror..The second
set is located within the sensor _ and serves as bias controls on the effects of temperature changes on ;

the LED output intensity and phototransistor gain. The combined outputs of the direct and bias phototran- '

sistors are used to drive the thermoelectric dew point temperature control amplifier circuit.

. Mirror Cleaning.

To clean the mirror surface in the Model 660 Sensor, remove the; spin off cover from the sensor to -
expose the mirror. ;

j

.::::: :::::,,

I ! CAUTION ! ! .;'

'::::::::::--: ,

if operating with a pressurized sampling system, remove pressure from the sen-_ *

sor prior to removing the sensor spin-off cover.
'

When the cover has been removed, lightly dampen a 0-tip with Type A' cleaner. Both are provided
in the Cleaning Kit shipped with the Mode 1911. Do not use an excessive amount of cleaner on the O-tip.
Shake the O-tip to remove all excess fluid prior to cleaning the mirror sudace. After cleaning the mirror |

- surface, remove all traces of the cleaning fluid with the dry end of the O-tip. If particulate matter is present ; i

around the mirror surface and it is desired to remove it, use a clean, dry Q-tip, not Type A cleaner, for i

this purpose.

For those applications where'the Type A cleaner appears to be ineffective in removing hard deposits'
or varnishes, a polishing paste - Semichrome Polish (Competition Chemicals, Iowa Falls, Iowa 50125) .,

- may be used sparingly,

if the optical section of the sensor is protected with a glass window, clean the window with a dry 0-tip..

Coolant Connections

For most applications, the Model 660 Sensor can be operated without the need for auxiliary cooling.

of the sensor base. The sensor measures the dew point of gases where the dew point is as low as - 35'C
when the sensor is attached to the Control Unit, and when the Control Unit is in an ambient temperature
of + 25'C or less. Low flow rates of the sample gas aids in reading even lower dew point temperatures
because the heat load of the sensor mirror surface is reduced as the sample gas flow rate is reduced
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However, for Bose applications where dew point temperatures approaching -40'C to -50*C are ex-
perienced, it is necessary to lower the base temperature of the sensor to augment its cooling capability.
This can be accomplished by providing coolant to the integral brass coolant jacket that forms the base ,

of the sensor. This coolant can be ordinary tap water, chilled water, or even a chilled antifreeze solution ;

such as ethylene glycol or methanol. Typically, coolant at 5'C or less will be sufficient to enable the
sensor to indicate dew point temperatures at -50*C and lower. Coolant flow rates of 0.5 GPM (2 LPM) i

are adequate. The coolant pressure maximum rating is 100 psia (70 Kg/cm2). Connections for the coolant
cre made to the brass coolant jacket of the sensor by means of 1/8-27 NPT fittings.

;

NOTES

Where the coolant temperature is below the dew point temperature of the at-
mosphere surrounding the Control Unit and sensor, the sensor should be un-
fastened from the rear of the Control Unit and allowed to attain the temperature
of the coolant by itself. This prevents condensation from forming on the rear
portion of the Control Unit, as would normally happen if it were colder than the
dew point of the surrounding atmosphere. The use of the optional Remote Mount-
ing Kit will als-) allow the sensor to operate at lower, as well as higher,
temperatures than the Control Unit.
Always maintain sensor temperature at least 5'C above the dew point
temperature of the gas being measured.

System Adjustments

Since the Model 660 S2 Sensor is a two LED /Phototransistor system, which is different from the Model
911 Sensor, a Model 660 Sensor Interface card is used. This multipurpose card plugs into slot J5. (See
paragraph 1.2.2 for details.) in addition, other changes have been made to the Main Circuit Card to
cccommodate the Model 660 Sensor. Consult the factory, if required, for details.

LED Current Adjustment

Two Light Emitting Diodes (LEDs) are used t.o illuminate a Bia' Phototransistor and a Direct (reflecteds
light) Phototransistor. The currents through "- LEDs must be such that the phototransistors are not .

saturated from the LED light. LED current is se at the f actory and usually no further adjustment is need- i
ed. However, there are two cases when an adjustment may be required: 1) if a new sensor is installed,
cnd 2) if the system response seems poor.

Adjustment Procedure

1. 5et the system to the Balance mode and clean the sensor mirre (see section " MIRROR CLEANING").

2. Use a Digital Voltmeter (DVM) to measure the voltage across R21 (100K) located on the Interface !
Card. Adjust the LED current potentiometer (see Figure 2-2) until the voltage is 12 VDC. If full clockwise
rotation of the potentiometer will produce only between 7 and 12 VDC, the circuit is acceptable. Less
than 7 VDC generally indicates a dull mirror or contamination of the surface of the LEDs or
phototransistors.

Balance Adjust ]

% lance adjust potentiometer R22, located on the interface Card, is used to balance the output signal
from the phototransistors when the sensor mirror is clean and dry. This potentiometer is adjusted at
the factory and normally needs further adjustment only if 1) a new sensor is installed, or 2) if the mirror
is cleaned after being heavily contaminated.

1. Set the system to the Balance mode and clean the sensor mirror (see section " MIRROR CLEANING").
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2. A two section switch is located next to the Balance potentiometer. Section 1 is not used. Section
2 is used to open the Compensation circuit when making this adjustment. Normally, the end of the
switch with the number "2" on it should be depressed. For now, depress the other end of the switch.

3. Connect the small test hook, normally connected to TP6 on the Main Circuit Card, to the test point
on the Interface Card. (Note that the C/F switch on the Main Circuit Card must be in the C position
- released - to use the test hook as a voltage probe.)

4. Adjust the Balance potentiometer to obtain 00.0 on the front panel display.

5. Reconnect the small test hook to TP6.
6. Depress the end of the dual switch with the number "2" marked on it.

Compensation Adjust

The Compensation , control is a single tum potentiometer located on the Interface Card. It is provided
to introduce phase lead into the amplifier circuit to compensate for the thermal phase lag characteristics
of the thermoelectric cooler in the sensor, introduction of this phase lead into the optical system and
mirror temperature enntrol loop permits the loop to be operated at a higher gain setting without oscilla-
tion, resulting in improved dynamic performance. The frequency response of this compensation network
is such that it is effective primarily at dew points above 0*C.

The Compensation control has been set at the factory for optimum dynamic response at ambient dew
point temperatures. However, if oscillation of the dew point temperature is noticed, adjustment may be
accomplished when the Model 911 is operating in the presence of a dew point sample at the highest
dew point anticipated. If the dew point temperature has a slow oscillation, with the Control Condition
meter fairly constant, rotate the Compensation potentiometer clockwise in about 1/8th turn increments
until the oscillation stops. Wait 2 to 3 minutes between settings to allow the system to stabilize. If the
Control Condition meter indicates wild swings from left to right, or even mild continuous oscillations, rotate
the Compensation potentiometer counterclockwise in 1/8th turn increments until oscillation stops. Wait
2 to 3 minutes between settings to allow the syctem to stabilize. After obtaining a stable operating point,
and before returning to normal operation, always depress the BAL/OPR switch and allow the mirror to
heat up for 3 to 4 minutes.

0-10 V Outputs
Because the Model 660 Sensor has an extended range, the 0-10 V output circuit has been modified <

to provide the 0-10 V output over the full range of -50*C to +100*C. If the AT option is supplied, its
0-10 V output also covers this same range.

i

|

|
!
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|
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M SECTION 4 1

~
'

CIRCUIT DESCRIPTION
- .a

'

4.1 BASIC INSTRUMENT BLOCK DIAGRAM DESCRIPTION

NOTE

If the Model 911 Automatic Balancing Control option is used, refer to paragraph j
-4.2.7 before proceeding with this section. ;

l
Operation of the Model 911 Digital Humidity Analyzer is best understood by reference to the block - a

diagram, Figurc 41.
'

|
5AC power is applied to the Model 911 Control Unit via cable W4, the power cable | and P1/J1 on th'e

Main Circuit Card. AC power passes through a fuse to the POWER switch. The fuse should be a 3/4
amp Slo-Blo when operating on 115 VAC or a 3/8 amp Slo Blo when operating on 230 VAC. When switched

'

on, AC power is applied to isolating, step-down transformers mounted on the chassis of the Model 911--
Control Unit via J1/P1 and W3. A portion of this isolated lower voltage AC is then passed back to the
Main Circuit Card where it is rectified, filtered, and regulated to produce the system operating voltages
of t-15 VDC, + 5 VDC for reference purposes and + 5 VDC for logic purposes. The rectifiers and Model
911 Sensor power components are also located on the chassis.

When energized, the Model 911 Dew Point Control Loop monitors and controls operation of the Model
911 Sensor under control of the BAL/OPR switch. CONTROL CONDITION meter monitors operation. 1

of the control loop and indicates to the operator such factors as mirror heating,' mirror cooling, and balance'- l
condition. Dew Point Control Loop energizes the Light Emitting Diode (LED) light source in the Model j
911 Sensor with a constant current source and responds to the impedance of a photoresistor that changes i
with the cond; tion of the Model 911 Sensor dew point mirror surface as well as with the amount of dew - !
on the mirrot surface when the instrument is controlling on the dew point.

,

The Model 911 Sensor operates to measure the dew point temperature by directing the light from 1

the LED reflected from a polished mirror surface to the photoresistor. When in the BAL (balance) mode,--
;

the mirror surface is heated to ensure that no condensate is present on the mirror sudace. This heating !
of the mirror surface is accomplished by energizing, in the proper direction, the thermoelectric module 1

attached to the mirror surface. !

It is during this time that the balance condition of the Model 911 Sensor is established by adjusting I
the BALANCE control knob on the front panel until the CONTROL CONDITION meter indicates in the
center section of the scale. In OPR (operation), the thermoelectric module attached to the mirror surface . ;

in the sensor is caused to reduce the temperature of the mirror surface until it is below the dew point :i
^

temperature of the gas sample passing over it. The presence of dew on the mirror surface results in :i

a scattering of the linht from the LED source which is detected by the photoresistor as a reduction in: ~t

light level. This reduction in light level is used by the Dew Point Control Loop to hold the mirror temperature .j
at exactly that temperature required to maintain a layer of dew (frost if below O'C) on the mirror surface ' j
in equilibrium with the gas sample. Changes in the dew / frost point are automatically tracked by the Dew -i
Point Control Loop to maintain the equilibrium dew / frost layer. Since the mirror surface is being held ,

at the dow/ frost point when in the OPR mode, a Platinum Resistance Thermometer (PRT), embedded j
just beneath the mirror surface, measures the mirror temperature. This PRT is interfaced with the PRT !

AMP that converts the resistance'of the PRT to a voltage. This voltage is such that 1 voit equals 10*C :

and is adjusted to provide two parallel outputs for external recording and monitoring' purposes - 4 VDC . -|
to + 6 VOC.over the range of -40' to + 60*C and 0 VDC to + 10 VDC over the same range. The PRT !

AMP measures the mirror surface temperature at all times, even during the penods of heating when
'

in the BAL mode.
.

>

|

L1 ;
'

,

, ,,e, s n.w. , , - . , - .--r,, , , ., . , - - -n.. - , - - - - ,
A



. . . . - . - - - . -. - - - . .. . _- - - - -.- - . . -

>!
.,

,
,

,

in addition to providing analog outputs for the dew / frost point temperature, the analog output signal, -|
of -4 to + 6 VDC is also applied to an Analog to Digital Converter (ADC) for conversion to Binary Coded i

Decimal (BCD) information that can be used for display purposes and as inputs for the Model 911 BC 1
BCD Output Module Option. In the basic Model 911 Digital Humidity Analyzer, the BCD output of the :

2 ADC is presented to socket DP1 (J8) and socket DP2 (J9). Cable W2 connects J9 to J10 on the Liquid - !

Crystal Display (LCD) module.

NOTE
|

When only the basic LCD is used, it is plugged into socket DP2 (J9) which allows !
the single display to display the parameter selected by the front panel pushbut- - !
ton controls: DEW POINT, AMB TEMP, or % RH. (The Model 911-AT Ambient |

' Temperature Accessory is required for AMB TEMP and the Model 911-RH
|

<

COMP RH Computer is required for % RH.) When the Model 911-RD Readout
|Display Option is used, then the left-hand display should be plugged into socket :

DP1 (J8) and the right-hand display into socket DP2 (J9). This causes the left- .|
hand display to indicate dew point at sll times, whereas the right hand display j
will then display data as selected by the pushbutton controls.

|t
4.2 OPTIONAL CIRCUlTS DESCRIPTION )

The usefulness of the basic Model 911 Digital Humidity Analyzer is expanded by the use of plug-in
options. On'the Digital Humidity Analyzer block diagram, Figure 4-1, each plug-in option or accessory j
is indicated by an asterisk (*). The operation of each device is discussed separately in the following
paragraphs.

~

:

.

4.2.1 Model 911-8C BCD Output Module Option
,

As discussed in the operation of the basic Model 911, the Analog to Digit'al Converter (ADC) produces '|
a multiplexed Binary Coded Decimal (BCD) output based on its analog input. The analog inputs to the {
ADC are altemated between the dew point analog data and the ambient temperature analog data. The :

multiplexed BCD outputs are applied to the Model 911 BC socket J3. When the BCD Output Module |
b plugged into J3, the module will demultiplex the BCD inputs for either dew point or ambient temperature j
as selected by a switch located on the BCD Output Module. The demultiplexed data are stored in parallel +

1 tches and output buffers are used to produce 31/2 digit T8L compatible outputs with sign information, j

4.2.2 Model 911-AT Ambient Temperature Accessory

This' accessory consists of a plug-in circuit card that plugs into J6 on the Main Circuit Card of the |
btsic Model 911 Control Unit. This plug-in circuit card contains a PRT AMP similar to the one used
for the PRT of the Model 911 Dew Point Sensor. The ambient temperature measuring PRT is attached j
to the basic Model 911 Control Unit at rear output connector P13. The PRT AMP converts the resistance j
of the ambient temperature PRT to a voltage such that 1 VDC equals 10*C and is adjusted to provide ;

'two parallel outputs for extemal recording and monitoring purposes: -4 VDC to + 6 VDC over the range j
cf _-40' to + 60*C and 0 VDC to + 10 VDC over the.same range. Actually, the ambient temperature |
capability is lineer and is usable to + 130*C ( + 13 VDC), although the corresponding 0 to 10 volt output
will fail before this point is reached.

,

-4.2.3 Model 911-CF 'F Readout Capability Option

This option plugs into J5 of the Main Circuit Card of the basic Model 911 Digital Humidity Analyzer
and accepts the analog inputs from dew point PRT AMP and ambient temperature PRT AM S (if so equip- i
ped) and converts them to analog voltages corresponding to degree Fahrenheit temperatures instead )'

of the degree Celsius temperatures that are standard. These 'F outputs are in addition to the *C out- j
puts. Both types of outputs appear simultaneously at the rear output connector. The 'F outputs are -0.4 i

VDC to + 1.4 VDC corresponding to -40 to + 140*F (-40 to + 60*C). Two identical channels of con- |

!
>
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version are provided. The 'F analog outputs are provided to 'C/*F switch S7 on the Model 911 Main
- Circuit Card so that *F informatien can be displayed on the LCDs on the front panel. When 'F data

are selected for display, the output of the Model 911 BC BCD output module will be 'F information also.
The analog output of the ambient temperature channel will go to + 2.66 volts corresponding to + 266*F
(+ 130*C), which is the maximum *C output of the ambient temperature circuitry. However, the digital
output for 'F on the front panel display and the BCD outputs for *F are limited to + 199.9'F (1.999
VDC on the *F analog output).

4.2.4 Model 911-RH COMP RH Computer Option.

This option plugs into J4 on the Main Circuit Card. It accepts the BCD data for dew point and ambient
temperature from the ADC on the Main Circuit Card. A microprocessor used in conjunction with a pro-
gram stored in fixed memory computes the corresponding % RH equivalent based on these inputs. Three-

' digit, multiplexed BCD outputs corresponding to % RH are provided at rear panel connector J13 as
well as an analog voltage signal of 0 to 10 VDC corresponding to O to 100% RH.

-

Computation of % RH performed by the microprocessor under program controlis based on a modified
Goff-Gratch relationship for the saturation vapor pressure of water. All dew point inputs below 0*C are
assumed to be frost point and are converted to dew point prior to being included in the computation.

4.2.5 Model 911-AS/MA Module Option

This option plugs into J7 on the Main Circuit Card of the Basic Model 911 Digital Humidity Analyzer.
Analog inputs of 0 to 10 VDC dew point, ambient temperature, and % relative humidity are applied to
the inputs, along with a comparable input from the alarm set control. Switches on this option card select !

.

which parameter the alarm set point will monitor or which parameter will be used to produce a 4 20 i

MA output current. Either dew point, ambient temperature. or % relative humidity can be selected. A
comparator circuit compares the alarm set point input with the input from the selected parameter. When
the input from the selected parameter exceeds the alarm set point input, the alarm relay will operate
and change state, thereby indicating this fact to external monitoring equipment. .

4.2.6 Model 911-RD Readout Display Option

This option mounts behind the front panel of the basic Model 911 Digital Humidity Analyzer and is
plugged into socket DP2 (J9) on the Main Circuit Card of the Model 911. The BCD outputs of the ADC
or Model 911 RH COMPN RH Computer Option will be converted to the appropriate 7 segment signals
necessary to illuminate the LCD. Pushbutton switches DEW POINT, AMB TEMP, or % RH determine
which parameter will be displayed at any given time. The appropriate options must be provided to enable
ambient temperature or % relative humidity to be displayed.

'

4.2.7 Model 911 Automatic Balancing Option

NOTE

For this option, the Balance potentiometer has been removed, the BAUOPR
switch has been disabled, and the SEN CAL potentiometer requires special
adjustment procedures as detailed in paragraphs 6.3.3 and 6.3.4, pages 6-4
and 6 5 of Section 6.

Some Model 911 Digital Humidity Analyzers have been equipped with an option that allows for un-
attended operation for long periods of time without requiring manual balance adjustment to account for
changes in the sensor reflectivity. In addition. a Track and Hold feature has been included to provide
a constant voltage at the output during the automatic balancing procedure to effectively mask the mirror
temperature excursions dunng balance.

45
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Features of the Automatic Balance Option:
Automatic initiation of balance function adjustable from 1 hour to 31 hours in increments of 1 hour.*

Front pawl manualinitiation of the balance function.*

Remote ~tiation of balance function via rear panel connector.*

Illuminated manual initiation switch indicates the balance function (steady illumination) as well as*

the Track and Hold function (blinking illumination) that continues during and atter the balance function.

Three different time periods for the balance function can be selected.*

Digital Logic Alarm indicator for remote detection of when the mirror conditions cannot be balanced*

(mirror too dirty).
Track and Hold analog output at rear panel connector simultaneously with the direct analog output.*

Front panel displays and RH COMP options may be operated from either the Track and Hold or*

the direct analog output.
Front panel alarm indicator to indicate when mirror is too dirty for proper re-balancing.*

Switch to optionally select maximum cooling (pre-cool) just prior to re-balance.*

The Model 911 Automatic Balance Circuitry (ABC) is fabricated on an L-shaped board that is installed
behind the Model 911 front panel and supported by three standoffs attached to the bottom of the Model
911 chassis. The pushbutton for manual initiation of the ABC is located on the front panel directly beneath
the BAUOPR switch. When the ABC option is installed, the BAUOPR switch is disabled.

Connection from the ABC to the main circuit card mounted above the ABC is made by means of a |
24-conductor ribbon cable. A 24-pin connector on this cable plugs into the ABC card. ;

Programming of the Model 911 ABC option is accomplished by means of an 8-pole switch mounted |
on the ABC card. This switch is accessible for programming through a large hole in the bottom of the l
Model 911 chassis. It is not necessary to remove the Model 911 cover to effect the programming.

Prior to using the Model 911 with the ABC option, the programming should be set up. The 'eight levels
of the switch allow you to accomplish the necessary programming.

The 8-level switch is labeled from 1 to 8. The first five switches (15) are used to select the period of
automatic self initiation of ABC. Each switch is " weighted," that is, each switch from 1 to 5 has a value
associated with it in hours as follows:

Switch Switch " Weight" |
Number in Hours |

1 1

2 2
3 4 :

4 8
5 16

Each switch that is closed contributes its " weight" to the time period between each automatic self-
initiated ABC. If, for instance, it is desired for ABC to occur every 6 hours, then switches 2(2) and 3(4)
would be closed and switches 1,4, and 5 left open if every 4 hours were desired instead, then only
switch 3 (4 hours) wotid need to be closed. From this, the time for automatic self-initiation of ABC can
be selected to range irom once every hour (only switch 1 closed) to once every 31 hours (switches 1-5
closed). If no switches are closed, then the ABC function can only be initiated either manually from the
pushbutton on the front panel or remotely by means of the rear panel connnector. A switch is closed
by pushing down en the end of the switch marked with a bar. Opening of a switch is accomplished by
pushing down on the unmarked end of the switch. Any small pointed object such as a pencil point or
a small screwdriver can be used to operate the switches. The ABC function should always be performed
at power tum on. This should occur automatically. Remote initiation of the ABC function can be made
by temporary application of 15 to 25 volts DC to pin N of the rear panel connector. The ABC function

4-6
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will not begin until the initiation voltage is removed. When it is desired to initiate the ABC function remotely,
programming switches 1 to 5 should be left open or should be set to a time period greater than that
anticipated from the external source, in which case internal automatic ABC function initiation would oc-
cur in the absence of an external command.

1 The remaining three switches of the 8-pole programming switch are used to select the time period
for the ABC function and the time the Track and Hold circuitry is to remain in Hold during and after the

.,

balance cycle.

NME
,

~

At least one of switches 6,7, or 8 should be closed at all times but never
more than one.

If none of switches 6 to 8 are closed, the ABC function will halt and remain in its present state until
one of the switches is closed. The time periods selected by each of switches 6 to 8 are as follows:

Hold Portion
Switch Balance Portion of Cycle Total
Closed of Cycle After Balance Cycle time

6 1.7 minutes 2.5 minutes 43 minutes
7 35 minutes 5 minutes 85 minutes
8 6.9 minutes 10 minutes 17.1 minutes

The switch position selected should be determined by the anticipated operating dew point. For dew
points 10*C and above, close switch 6. For dew points between -10*C and +10*C, close switch 7. For
dew points below -10*C, close switch 8. Remember that only one switch of switches 6 to 8 should be
closed at any one time.

The 911 ABC board has a small red switch mounted on it which can be reached through an access
hole in the bottom side of the Control Unit. When the slide on the switch is moved toward the number
"1" printed on the switch, the instrument is in the " normal" operate mode. When the slide on the switch
is moved to the position away from the "1," the system will go into a maximum cool mode of operation
prior to the mirror heating mode whenever ABC is initiated. The ABC still functions as detailed elsewhere
in this paragraph. However, it is suggested that switch position 7 or 8 be closed on the ABC board (see

,

above table) so that the Sensor Mirror can be fully dry before the ABC cycle ends. A Light Emitting Diode
(LED) has been added to the front panel. The purpose of this diode is to give local indication that the
ABC was unable to complete the balance cycle. The LED is turned on by the same logic signal found

,

at Pin 18 of the rear connector. Normally the LED should be off. If it comes on, the dew point sensor i

mirror should be cleaned. The LED can be reset to "off" by initiation of the ABC function from any nor-
mal source.

Output Connector Changes

To provide for the extra features afforded by the Model 911 ABC option, the pin assignments for the
output connector have changed in the following cases:
PIN N Formerly used for direct ana!og ambient temperature input line. This function has been dis-

abled. This pin is now used for the remote or external ABC function initiate signal. A DC voltage
applied to Pin N that is between 15 and 25 VDC will initiate an automatic balance cycle. If
not used this pin can be left open.

PIN S Formerly used for the dew poirit temperature analog output for *F if the Model 911 C/F option
was installed. This function has been disabled. This pin is now used for the dew point analog
output corresponding to the output of the Track and Hold circuitry.

PIN 18 Formerly used for the ambient temperature analog output for 'F if the Model 911 C/F option
was installed. This function has been cisabled. This pin is now used to indicate that the ABC

4-7
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was unable to properly complete the balance cycle. This output is a CMOS logic level. Normal
operation is indicated by a low (ground) output on this pin. If the circuitry is unable to complete
the balance properly, this output will be brought high (+5 volts) to indicate to customers' exter- ,

nal equipment that the dew point sensor mirror should be cleaned. This alarm signal is reset
by initiation of the ABC function from any source.

Operation

As mentioned previously, the Model 911 ABC programming should be set up initially before the instru-
ment is placed in operation. The programming may be altered at any time without turning power off.
ABC should always be initiated following power turn on.

After power turn on and during the first balance cycle, the output of the Track and Hold circuitry will
be invalid since there is no previous dew point information to be remembered.

In addition to providing analog outputs for the direct output and the Track and Hold output, the Model
911 also provides for front panel digital display as well as other options for *C to 'F, RH COMP for %RH
calculations, and BCD for parallel BCD outputs. These additional outputs now have the choice of being
driven either from the direct dew point analog signal or from the output of the Track and Hold circuitry.
This choice is made on the Model 911 Main Circuit Card. Normally, the test hook that is used to allow
the Model 911 output digital display to act as a voltmeter is attached to TP6. TP6 has on it the direct
analog output for dew point and if the test hook is attached to TP6 the digital display and the O to 10
voit output plus the options previously mentioned will be driven by the, direct analog output. This means
that the values displayed will reflect the temperature of the mirror in the dew point sensor at all times,
even during the balancing cycle when the mirror is heated to remove dew from the mirror for balancing
purposes.

With the addition of the ABC option to the Model 911, a new test point TPX has been added, physically ,

located behind potentiometer R63. By attaching the test hook to TPX instead of TP6, the input to the
digital display, the O to 10 volt output, the RH COMP option, and the BCD option will be driven from
the Track and Hold analog output. Therefore, these outputs will remain steady during a balance cycle
as the output signal is held at the level it was previous to the initiation of the ABC function.

:
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SECTION- 5
- ;

.

INTERPRETATION OF DATA |
!,

!. 5.1 DESCRIPTION OF' OUTPUT DATA !
!

The Model 911 Digital Humidity Analyzer measures the dew / frost point of the gas' sample flowing through !

the Model 911 Sensor. This measured data is displayed on the front panel digital display and is also !
provided at rear panel connector J13 in analog form. The front panel display also indicates the type ' |,

- of data being displayed; the character following the decimal digits is used to describe the data being |

displayed at any given time. ,

C indicates temperature in degrees Celsius (Figure 51) ; !

F indicates temperature in degrees Fahrenheit (Figure 5-2) |
A indicates Alarm Set point as a percenttge of full scale (Figure 5-3) j

H indicates percentage of relative humidity (Figure 5-4)
_{

-

In addition, the ahnunciator arrow on the dis |: lays indicates when the instrument has been placed f

in the BAL (balance) mode figure 5-5). When the annunciator arrow is illuminated, the dew point
temperature indication is really a measure of tha mirror temperature in the sensor, which is being heated

. 'and is generally well above the true downrost point temperature. When the annunciator arrow is not
'

illuminated, the instrument is in the OPR (operate) mode and the temperature output for dew point may
or may not be at the true dew / frost point temperature. The dew point temperature reading is likely to

: be correct when the answers to the following questions are affirmative.

: 1. Is the gas sample in the Model 911 S7nsor uncontaminated and representative of the gas to !
be measured? !

-

! 2. Is the flow rate between 0.5 SCFH and 5 SCFH7 j
i 3. Is the dew point of the gas within the measuring range of the instrument with regard to temperature !
'

and depression requirements? |
-

| 4. Does the hygrometer CONTROL CONDITION meter pointer return to the balance point (center j

scale).when the instrument is placed in the BAL mode? i
? 5. Does the hygrometer exhibit the proper dynamic behavior when switched from the BAL to the !

OPR mode?
!' 6. For a constant sample, does the hygrometer repeat the reading after balancing in the BAL mode

and returning to the OPR mode? !
,

* 7. Is the water vapor dew point the highest dew point in the measured gas? (Occasionally, a higher
; dew point of another vapor constituent exists and the instrument will measure this higher dew |
| point. High hydrocarbon dew points are often encountered.).

| With reference to Question 5, the proper dynamic behavior is as follows:
*

After switching to the BAL position, enough time is allowed to let the water film evaporate from the ;

; mirror surface. This is indicated by the movement of the CONTROL CONDITION meter pointer toward
,

the center scale position. When the CONTROL CONDITION meter pointer position is at the maximum i,

: point to the right that it will reach and is stable (for about one minute), the bat.ANCE knob is adjusted i

;. for a center scale reading. Then, the front panel control switch is placed in the OPR position, whereupon |
f- the CONTROL CONDITION meter swings to the far right and the sensor mirror temperature dew point {
ji output shows a decreasing mirror temperature. !

When the fairror reaches the dew point temperature it continues to cool slightly below this temperature |
(overshoots by 2 to 5'C). At this point, the CONTROL CONDITION meter begins to move to the left j-

and the indicated mirror temperature rises and settles on a stable reading of the dew point. The amount:

of overshoot and the amount of time required to settle on the correct dew point reading varies from ;:
; .

5-1 |
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1 or 2*C and about 10 seconds at high dew points and high flow rates, to 10 or 20*C and up to 10
minutes at the lowest dew points and low flow rates.

Under certain conditions, the control system oscillates at a rate of several seconds per cycle. This
occurs at high dew points and high flow rates, if the deviation of the mirror temperature is one or two

'

degrees, no action need be taken and the ternperature can be averaged. The oscillation can usually
be eliminated by reduction of the sample flow rate, in some cases, the internal dew thickness (THK)
setting or the GAIN setting may have to be lowered to reduce or prevent these oscillations.

5.2 OUTPUT DATA BELOW 0*C (32*F)

At mirror temperatures below 0*C (32*F), the water on the mirror surface can be ice or can be super-
cooled liquid. Generally, it is in the form of supercooled liquid only for a short time, i.e., when the
temperature is not far below the freezing point, but, eventually, it transits to the ice state. This fact is
significant because, for a given gas sample with fixed vapor content, the temperature at which a surface
of ice must be maintained to be in equilibrium with the water vapor is slightly higher than that for water.
Dew Point / Frost Point relationships in both metric units (*C) and English units (*F) are shown in Section
7 of this manual.

5.3 OUTPUT DATA AT PRESSURES OTHER THAN ATMOSPHERIC

In a gas system where the sample goes through a pressure change, provided there is condensation
due to the change, the change in water vapor pressure is proportional to the total pressure change and
can be calculated from Dalton's law accordingly:

2e2 = e j -
P1

where e2 s the partial pressure of water vapor at total pressure P , and ej is the partial pressure ofi 2
water vapor at total pressure Pj. There is one-for-one correspondence between the partial pressure of
water vapor (e) and the dew point temperature (Smithsonian Meteorological Tables).

A useful approximation is:

APATD = 14
P

where ATD is the change in dew point temperature ('C) due to a change in sample pressure, .1P is
the change in sample pressure, and P is the sample pressure. Thus, a 10% change in pressure

(r AP
1 i

p g[=
;

will result in about -1.4*C change in the dew point temperature.

5.4 ANALOG OUTPUT DATA

All analog outputs from the Model 911 Digital Humidity Analyzer are of the low impedance type, the
output of an operational amplifier. The maximum load impedance should be greater than 10K for best
results. If the cable lengths from the Model 911 outputs to the recording or monitoring equipment are |

long, the recording or monitoring equipment should be of the high input impedance type to reduce to I

a negligible amount any signal loss in the interconnecting cable due to current flow.
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SECTION 6
|

MAINTENANCE -

6.1 GENERAL '

The Model 911 Digital Humidity Analyzer requires little maintenance due to its solid state design. The '

only components requiring periodic maintenance are the sensor and associated sampling system. ;

A Model 911 Sensor Cleaning Kit is shipped with each instrument. The Cleaning Kit consists of a. ;

small bottle of EG&G Type A cleaning fluid and a package of cotton swabs. Also included are spare
fuses for both 115 and 230 VAC operation and an adjustment tool for adjusting the ALARM SET point
or any Model 911 internal potentiometer adjustments. '

i

,

6.2 PERIODIC MAINTENANCE i,

The sensor incorporates optical sensing devices and must therefore be maintained at some minimum
level of cleanliness. The frequency of sensor cleaning required for proper maintenance will vary widely

,
'

with sampling conditions. Cleaning the sensor can usually be ignored until an excessive balance shift
or the inability to adjust the CONTROL CONDITION meter pointer back to the balance point make cleaning
the sensor a necessity. In some cases, accumulation of soluble materials will result in high~ readings
and the sensor should be cleaned more often. In the event that the sample is excessively dirty, the en-
tire sample line and sensor should be cleaned and a filter (typically 5 to 10 microns) installed at the +

input to the sample line. In many installations, the sensor will require cleaning every 1000 to 2000 hours
of operation. The presence of significant contamination on the mirror surface is evidenced by the fact
that the CONTROL CONDITION meter pointer will not fall within the white color-coded band when the
front panel control switch is placed in the BAL mode and any moisture on the sensor mirror surface ,

has evaporated. A small shift is of no concern, however, and may be compensated for by adjustment >

of the BALANCE control by tuming it in a clockwise direction. When contamination interferes with in-,

'

strument operation or the BALANCE control is at the end of its range, clean the sensor as follows:

1. Remove the three sensor cover rim screws and carefully draw the cover back and away fromi '

! the sensor, exposing the sensor configuration.

NOTE ;

Save the three screws as they are special screws that ensure the pressure in-
tegrity of the Model 911 sensor cover.

2. If the inside of the sensor cover and the outer metal portions of the sensor are soiled, clean
with isopropyl alcohol or chlorothene.

3. Clean the mirror surface using a cotton-tip applicator dampened with a very small amount of
EG&G Type A Cleaner. If the Type A Cleaner is not available, isopropyl alcohol may be used.

,

Clean the optical parts above the mirror and lightly buff the mirror with a dry, clean applicator.
Avoid scratching the mirror surface. The black material surrounding the mirror is a plastic
foam insulating material wh6ch is soft and subject to damage under careless use and ex-
cessive use of cleaner.

4. Reassemble the sensor after inspecting the O-ring and 0-ring seal to be certain of achieving
~

a gas-tight seal. Test for leaks if necessary after replacing the cover. (Be sure to use the same
screws removed in step 1.)

|
5. Place the instrument into operation by following the operating instructions as described in Sec-

tion 3, with the following exception when necessary. After cleaning or changing sensors reset
i

the SEN CAL potentometer (R3) positioned on the Main Circuit Card as shown in Figure 6-1 |inside the instrument as follows:

6-1 !
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a. f in step 3 of the operating procedure (page 32),' set the BAl.ANCE knob fully counterclockwise |
- (control switch in BAL position).

.

b. Set the SEN CAL potentiometer (R3) so that the CONTROL CONDITION meter reads at - !
the center of the scale,

c. Proceed to step'4 of the operating procedure.

: 6.3 DEW POINT CONTROL LOOP ADJUSTMENT |

NOTE |
The following procedure is used for adjusting the dew point control loop of the- f
Basic Analyzer. If the Model 911 Automatic Balance Control (ABC) option is j
used, refer to paragraphs 6.3.3 and 6.3.4. If the Model 911 C1/660 S2 Sensor
is used, refer to paragraph 6.3.5.

6.3.1 Adjustment of Basic Analyzer

The Model 911 Digital Humidity Analyzer internal adjustments are factory aligned and generally need.
not be readjusted unless a component has been changed. The adjustments in this section deal with

.

the hygrometer dew point control loop circuit, CUR LIM, THK, GAIN, and SEN CAL. -

The CUR LIM control is used to set the maximum current delivered to the cooler in the Model 911 !
Sensor. A setting too low will result in inadequate depression. capability, j

SEN CAL balances the photocell bridge circuit and the result is, essentially, the same as a coarse i
adjustment for the BALANCE control on the front panel.

The GAIN control sets the gain of the dew point control circuit. Excessive gain can cause oscillation '

while insufficient gain will result in sluggish operation or loss of adjustment sensitivity of the front panel
BALANCE adjustment. '

,!

The THK adjustment sets the light level reduction from the Model 911 Sensor mirror which is required -
,

to start cutting off the cooler current; thus it sets the dew layer thickness during normal operation. '

6.3.2 Adjustment Procedure for Basic Analyzer :
!

1. To set the internal adjustments, start with a clean sensor mirror surface and aspirate the sen- !
sor with room air. The instrument should be in the BAL mode. Place the front panel BALANCE - !

control fully CCW.

NOTE ,

Do not leave the Model 911 BAUOPR control switch in the BAL position for !
more than 5 minutes, if this control switch hrss been in the BAL position for *i

5 minutes, set it to OPR for 2 minutes before returning to the BAL position.
;

2. Remove the cover from the Control Unit and place a digital voltmeter, set to read a voltage :
in the vicinity of 500 mVDC, across the. leads of R20 (0.2 ohm) on the Main Circuit Card. Refer '
to Figure 61 for the location of the leads of R20.

3. With the front panel BAUOPR switch in the BAL position, adjust the SEN CAL potentiometer
(R3) (accessed through the front panel hole above the BAUOPR switch) so that the CONTROL *

CONDITION meter (CC meter) indicates at the junction of the red and white portions of the
meter scale. Then adjust the front panel BALANCE control slightly CW so that the CC meter

iindicates center scale.

4. Set the GAIN and THK potentiometers fully clockwise. J|
t

63.
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5. To set the CUR LIM potentiometer, place the BAUOPR switch to the OPR position and quickly 1

adjust the CUR LIM potentiometer for a DVM reading of 500 mVDC i5 mVDC. Retum the . j

BAUOPR switch to BAL as soon as possible after making the adjustment. Note that wt.en the ~ i

proper adjustment is made, the Model 911 CONTROL CONDITION meter indicates all the way i

to the right (blue).' :

6. Set the GAIN potentiometer fully CCW. Allow the mirror to heat up to above +25*C as in- ,

dicated by the dew point temperature reading. I

7. Set the control switch to OPR. IMMEDIATELY read the DVM and adjust the THK potentiometer
(R12) so that the DVM indicates 150t 10 mVDC. This adjustment must be made shortly after -

setting the control switch to OPR, as the DVM reading will drop with time as the system ap- !
proaches the dew point. Return the switch to BAL as soon as possible after making the
adjustment. ;

8. Short the THK potentiometer by connecting a short jumper from TP3 to TP5 on the Main Cir- )'

cuit Card. |

9. Set the control switch to OPR. IMMEDIATELY read the DVM and adjust the GAIN potentiometer ,

(R8) so that the DVM indicates 300110 mVDC. This adjustment must be made shortly after
t

setting the control switch to OPR, as the DVM reading will drop with time. Return the switch -

to BAL as soon as the adjustment is made.

10. Allow the Model 911 CONTROL CONDITION meter to stabilize at BAL for about 1 minute. Check j
that the meter is balanced. Readjust the SEN CAL potentiometer (R3) slightly if necessary. j

11. Remove the jumper installed in step 9.
12. After the THK potentometer has been adjusted, observe the Model 911 dew point reading. The

reading must drop smoothly and then stabilize with less than 5'C overshoot (if aspirating with ,

room air; samples with very low dew points may cause an overshoot of 10'C or more). After i

2 minutes, the dew point r3ading should not fluctuate.
13. If the dew point reading overshoot exceed 5*C or fluctuates, the system is oscillating. Oscilla- |

tion may also be indicated by the CONTfC. CONDITION meter moving back and forth. Oscilla-
tion can be caused by excessive gain or excessively high sample flow rate, if oscillation oc-
curs, reduce the sample flow rate to remove the oscillation.

6.3.3 Adjustment of Analyzer with Automatic Balance Control Option i

The Model 911 Digital Humidity Analyzer internal adjustments are factory aligned and generally need !
not be readjusted unless a component has been changed. The adjustments in this section deal with ;

the hygrometer dew point control loop circuit, CUR LIM, THK, GAIN, and SEN CAL. !

The CUR LIM control is used to set the maximum current delivered to the cooler in the Model 911 |
Sensor. A setting too low will result in inadequate depression capability. ;

!SEN CAL presets the photocell bndge circuit to a proper operating point for the Automatic Balance
Control (ABC). j

The GAIN control sets the gain of the dew point control circuit. Excessive gain can cause oscillation I

while insufficient gain will result in sluggish operation. |

The THK adjustment sets the light level reduction from the Model 911 Sensor mirror which is required
to start cutting off the cooler current; thus it sets the dew layer thickness during normal operation.

NOTE 1

To expedite the following adjustment procedure, it is suggested that the eight-
level switch on the ABC board have only switch numbers 1 and 6 closed. (Refer
to paragraph 4.2.7 for the ABC option if necessary.) After the procedure is com-
pieted, the switches can be reset to tfa desired positions.
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6.3.4 JAdjustment Procedure for Analyzer with' Automatic Balance Control Option

D 1. To set the intemal adjustments, start with a clear sensor mirror surface and aspirate the sensor
~

' ' with room air.
~

,, - 2. Remove the cover from the Control Unit and connect a digital voltmeter (DVM), set to. read .
in the vicinity of 3 VDC, between TP4 and TPS on the Main Circuit Card.

3. Set the Model 911 power to ON. The indicator in the Manual Initiate' Switch should come'on.
* ~ ;

.

. and be steady, indicating that the system is in the Balance mode..c

4. Adjust the SEN CAL potentiometer,if required, to obtain 2.5 VDC i0.1 on the DVM. The SEN
CAL potentiometer is accessed through the Model 911 front panel just above the BAL/OPR

. and ALARM SET switches.

- 5. Remove the DVM leads from TP4 and TP5 and put them across the leads of R20 (0.2 ohm)
on the Main Circuit Card. The DVM should indicate O VDC.

6. Set the GAIN and THK potentiometers, located on the Main Circuit Card Just behind the front -
panel, fully clockwise (CW).

7. Allow the system to go into the Operate mode. (The indicator in the Manual Initiate Switch will
start flashing.) As soon as it does, note the DVM. It should indicate 500 MV i10 MV. If not,
adjust the CUR LIM potentiometer (located next to the 0.2 ohm resistor) for 500 MV. Then,
as soon as possible, depress the Manual Initiate Switch to put the system back into the Balance
mode.

~

-

8. Set the GAIN and THK potentiometers fully CCW.

9. Allow the system to go into the Operate mode. Immediately read the digital voltmeter and ad-
just THK potentiometer R12 so that the digital voltmeter reads 150 i1.0 mVDC. This adjust-
ment must be made shortly after the system goes into Operate, as the digital voltmeter reading
will drop with time.' As soon as 'possible after making tho' adjustment,' depress the Manual in-
itiate Switch to put the system back into the Balance mode,

10. Connect a short jumper between TP3 and TPS. This shorts out the thickness potentiometer.-
'

11. Allow the system to go into the Operate mode. Immediately read the digital voltmeter and ad-' :
just GAIN potentiometer R8'so that the digital voltmeter reads 300110 mVDC. This adjusti, <

ment must be made shortly after the system goes into Operate, as the digital voltmeter reading --

will drop with time. As soon as possible after making the adjustment, depress the Manual in o+

itiate Switch to put the' system back into the Balance mode. .

12. Remove the jumper installed in step 10.-

13. Allow the system to go into the Operate mode while' observing the dew point ' reading. The reading .
must drop smoothly and then stabilize with less than 5'C overshoot (if aspirating with room
air; samples with very low dew points may cause an overshoot of 10*C or more').'After 2 minutes,,

the dew point reading should not fluctuate.

If the dew point reading overshoot exceeds 5'C or fluctuates, the system is oscillating. Oscilla .
'

tion may also be indicated by the CONTROL CONDITION meter moving back and forth. Oscilla-
tion can be caused by. excessive gain or excessively high sample flow rate. If oscillation oc.
curs, first reduce the sample flow rate to remove the oscillation. If this is not effective, reduce
the gain a small amount at a time by adjusting the GAIN potentiometer in a CCW direction.

6.3.5 Circuit Adjustments for System Using Model 660 S2 Sensor

Adjustments to the special circuits required for using a Model 660 S2 Sensor with the 911 C1 Control
Unit are detailed in Section 3, paragraph 3.2.2.7. The following procedure is included so that those ad-
justments plus the Dew Point Control Loop adjustments (paragraph 6.3) can be integrated into one pro-

. cedure. In addition, these procedures should be used when the Automatic Balance Control option is
used in conjunction with the Model 660 S2 Sensor.
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. There are some differences'in the procedure depending on whether the system has Manual Balance
: or Automatic Balance. These differences are noted in the specife steps.

1. Clean the sensor mirror. ;

2. MANUAL BALANCE: Depress the BAL/OPR switch.
,

AUTOMATIC BALANCE: Tip the Control Unit on its side and set the switch on the ABC
board so that only position 6 is on. Depress the ABC Initiate
switch on the front panel every minute to keep the system in - ,

. the Balance mode. The system must be in the Balance mode
'

for making the following preliminary adjustments.

3. Aspirate the sensor at about 2 SCFH. ;

4. Set the power to ON, !

5. Use a digital voltmeter (DVM) to monitor the voltage across the direct resistor, R21, on the i

Interface Card. |
6. Set the LED potentiometer on the Main Circuit Card fully clockwise. The DVM voltage should

indicate + 7 to + 12 VDC. If it exceeds + 12 V, rotate the LED potentiometer counterclockwise
until it is +12 VDC.

7. Check the voltage across the Blas resistor, R20, on the Interface Board. It is typically less than
the direct voltage, and must be greater than +2 VDC.

8. On the Interface Card, set S12 to OFF. Adjust the COMP potentiometer to mid-scale.

NOTE
~

S12 is ON when the number 2 on the switch is depressed and is OFF when
the other side is t--;-essed.

3. Connect the DVM between ground and the test point on the Interface Card. Adjust R22 on j
the Interface Card for 0 VDC 125 MV. j-

'- 10. Set switch S1-2 back to ON.

11. MANUAL BALANCE: Adjust the SEN CAL potentiometer (through the front panel)
so that the CONTROL CONDITION meter indicates at the
white / red junction when the front panel balance control is fully
CCW. Then adjust the balance control for.a center scale in-
dication on the meter.

. ,

1

AUTOMATIC BALANCE: Connect the DVM to ground (-) and Main Circuit Card TP ( +).
Adjust the SEN CAL potentiometer (through the front panel)
so that the DVM indicates 2.50.VDC. -

12. Connect the DVM across R20 (0.2 ohm located on the Main Circuit Card).
13. Set'the GAIN and THK potentiometers on the Main Circuit ' Card fully CW.

NOTE

THE FOLLOWING STEPS MUST BE DONE QUICKLY AND IN ORDER.
The system will be in the Operate mode, but the mirror must still be dry when
the adjustments are made. Therefore, if the front panel display ind' ates withinc
15 degrees C of the dew point temperature, the system must be put back into
balance and the mirror must heat up again before continuing the procedure.

6-6
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. ' 14. MANUAL BALANCE: ' Release the' BAL/OPR switch. Quickly adjust the CUR LIMu

s ' potentiometer if necessary to obtain 500 MV '110 MV on the4

DVM.o

AUTOMATIC BALANCE: Allow the system to go into the Operate mode by NOT depress-
ing the Manual initiate Switch as before. Quickly adjust the CUR-

S LIM potentiometer if necessary to obtain 500 MV i10 MV on - -

the DVM.
i

. . 15. Set the GAIN potentiometer fully CCW. Then rotate the THK potentiometer in a CCW direction
4 until the DVM indicates 150 MV i10 MV. .;

. 16. Connect a short jumper between TP3 and TPS on the Main Circuit Card. This jumperfshorts j
out the THK potentiometer.'

~ '-

17. Adjust the GAIN potentiometer CW until the DVM indicates 300 MV t 10 MV. d
- 18. Remove the jumper installed in step 16.

i,"

19. Allow the system to seek a dew point temperature. The COMP potentiometer can be adjusted ' l
if necessary to eliminate any oscillation (see Section 3, page 3-7).<

NOTE

Switch S1-2 on the interface Card should always be left ON except_when do- 1
ing the adjustment above. j,

,

6.4 PRT AMPLIFIER CALIBRATION

A Platinum Resistance Thermometer (PRT) is.used in the Dew Point Sensor and the Ambient- !
Temperature Accessory. To measure the temperature, the PRT resistance is converted to' a ' voltage by
a PRT Amplifier. This amplifer contains controls for ZERO, SPAN, and LINEARITY. By adjustment of

,

,

these controls, the PRT Amplifier can be made to produce a linear output voltage proportional.to the. y
temperature sensed by the PRT. These adjustments are made at the factory and normally do not have .;
to be changed. Mc;;cver, large changes in cable. lengths used to mount the dew point or ambient- j
temperature sensors remotely may require readjustment (there is approximately a 0.1 *C change in out :t
put for a 50-foot change in cable length). Factory adjustments are made based on cable lengths specified :

at time of purchase. If it becomes necessary to check the operation of the PRT amplifer or if the remote . ;

cable length is changed significantly'after shipment from EG&G, then the following procedure should . '

be used. A precision calibrated resistance decade box and precision ~ calibrated digital voltmeter (DVM) L 1
are required for making those adjustments. ;

6.4.1 Adjustment Procedure'for Basic Analyzer -
.

1. Remove the Model 911' Dew Point Sensor connector at the rear of the sensor. If 'the sensor-
is attached to the rear of the Model 911 Control Unit, the sensor need only be removed and- :

the connector will be exposed and can be removed. If the sensor is located at the end of a !

length of remote cable, then the cable should be unplugged from the sensor at the remotel
location. q

2. Connect a precision decade resistance box between pins 9 and 10 of the connector that'nor- {
mally attaches to the sensor, and short pins 10 and 4 together. !

3. Set the precision decade resistance box to 100.00 ohms. Adjust ZERO potentiometer R45 on !
the Main Circuit Card until the analog output voltage for dew point as measured at P1314 ( + )- 1
and P13-11 (Ground -) with the precision calibrated DVM equals 0.000 volts DC.

4. Set the precision decade resistance box to 111.79 ohms and adjust SPAN potentiometer R39 {
until the DVM indicates 3.000 volts DC. !

5. Next, set the precision resistance decade box to 123.48 ohms and adjust LIN (linearity) poten- !
tiometer R48 until the DVM indicates 6.000 volts DC.

!
'
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6. Repeat steps 3,4, and 5 above until all conditions are met. Since the functions of the adjustments
interact to a degree with each other, it may be necessary to repeat these steps several times.

,

7. Set the precision resistance decade box to 84.11. ohms. The output should indicate -4.000-
- volts, iO.005 VDC.

'

' 6.5 DIAGNOSTIC TESTING USING THE DVM'

The Model 911 has been designed to allow the user to utilize the digital display function of the instru-
. ment as a S1/2 digit digital voltmeter (DVM). Although this feature should not be used for such precise .
purposes as calibration of the PRT Amplifier, it can be useful as a troubleshooting aid for those instances .
when trouble in the instrument may be apparent and a test DVM may not be readily available.-

~ In order to use the digital display as a DVM, it is necessary to remove the cover of the Model 911
by removing the four No. 6 screws attaching it to the instrument chassis. When the cover is removed,
a " Grabber" test hook will be seen attached to a test point in the area of connector J3 for the Model
911 BCD Output Module Option. By removing this test hook from its test point, it can be used to attach
to other parts of the circuit card to measure voltages that can provide clues to assist in locating the
source of any problems that may arise. Following any testing of this sort, the " Grabber" should always

: be retumed to its original location and the chassis cover replaced (Test Point TP6 or TPX).

When attempting to use the digital display as a DVM, the meter display must be set to display dew
'

- point in *C and the ALARM SET control junction must not be in operation. In addition, the decimal point
must be mentally moved one place to the left to obtain the correct DC voltage reading, i.e.,50.0 =
5.00 volts.'This feature is operable only for DC voltages less than 19.99 volts,

it is possible that the only time this feature will be used is when discussing a problem with the factory.
During these times, the factory service representative may request that certain voltages be measured
and reposted as a means of isolating ~a problem and as an aid in determining if a failed instrument can
be repaired in the field or must be retumed to the factory for service.

Instrumert operating voltages can easily be checked by measuring them with the " Grabber" test book
on output connector J13: .

+ 15 VDC ~ J1S2
-15 VDC J1SB
+5 VDC Logic J151 - :
+ 5 VDC Ref. J1SC

.

-4 VDC J1SM
If 'an accidental short occurs on the output of any of the DC supplies, they will tum off rather than

supply current to the short circuit. When the short is removed, the DC supplies may be reset by turning
AC power to the instrument OFF for a few seconds and then tuming it ON again.

"

.
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GENERAL DEW POINT MEASUREMENT INFORMATION !
:

.

aasic humidity de'initions |
:

;

DALTON'S LAW RELATIVE HUMIDITY PPM BY VOLUME .

John Dalton was the first to surmise Relative Humidity is the ratio of the ac- Parts per million (PPM) by volume is the i

that the total pressure, pm, exerted by a tual vapor pressure (as defined by the ratio cf the partial pressure of the water ,

mixture of gases or vapors is the sum of Tables) in the mixture to the saturation vapor to the partial pressure of the dry
the pressures of each gas if it were to oc- vapor pressure, with respect to water, at gas. ;

cupy the same volume by itself. The the prevailing dry bulb temperature. -

pressure which each gas component of a Example 1. (Metric Units) '

multiple constituent gas (such as air) ex- Example 1. (Metric Units) If frost point = -60*C and system total
erts is called its partial pressure, if px, if dew point = 10*C and dry bulb = 25'C: pressure is 1013 mb (14.7 PSI A) )
p , and pa represent the respective par. !y
tial pressures of gases X, Y, arid Z in a RH = Vapor Pressure at 10*C PPMy = Million jmixture, Dalton's Law states: Vapor Pressure at 25*C

"
pm * Px + Py + Pz + - ,12.272 mb = 38.7% -

= Total Pressure - Water Vapor i

31.671 mbElementary as it may seem, the concept Pressure at -60*C i

of Dalton's Law is often overlooked in
considering problems in humidity, be. If frost point = -45 C ,10.80 x 10-3mb x106
cause one forgets that the " water" in a and dry bulb = -40*C; (1013 - 10.80 x 10- 3)mb ';

gas is actually a gas itself and must be RH =, Vapor Pressure at - 45'C ( Actual) = 10.7 PPM (by volume) -
treated m accordance with the gas laws. Vapor Pressure at - 40'C
Air must be considered a mixture of (with respect to water) Example 2. (English Units)
gases oxygen, nitrogen, an'd water vapor ~

(neglecting the minor constituents). All ,0.07198 mb = 38.1% If frost point = -70*F and system total
. discussions of humidity can then be re- 0.1891 mb - pressure is 14.7 PSI A (29.92"Hg):
duced to discussions of water vapor

PPM, = Partspressure, and all definitions encountered Example 2. (English Units)
in humidity can be expressed in terms of

.F and dry bulb = 90*F:,

vapor prnsure. * Vapor Pressure at - 70*F 06RH = Vapor Pressure at 50*F Toul Prm '- Water
Vapor Pressure at 90 F Vapor Pressure at -70"F

DEW POINT
Dew Point is that unique temperature to = .3624" Hg = 25.5% * 4.974X10~ 4~ Hg 6
which the air (or any gas) must be 1.422" Hg

(29.92 .004974)"Hg
cooled in order that it shall be saturated
with respect to water. If frost point = - 50*F

* * ' l
*

and dry bulb = - 40*F:

FROST POINT RH = Vap r Pressure at -50*F ( Actuall
Frost Point is that unique temperature Vapor Pressure at -40'F l

(with respect to water)to which the air (or any gas) must be
cooled in order that it shall be saturated , 1.990x 10- 3"He , g
with respect to ice. 5.584X10- 3"Hg
The dew point or frost point DEFINES
the partial pressure of the water vapor NOTE: RH is arbitrarily defined with re-

.

in the gas, from the Smithsonian Metco- spect to water even though it seems that )
rological Tables. it should be with respect to ice at -40*C j

(- 40*F ) .
]
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PPM BY WElGHT DEW POINT / FROST POINT RELATIONSHIPS
PPM by weight of dry gas is identical to Below 0*C (32*F), dew point hygrometers measure the frost point temperature ,

!

PPM by volume except that the weight rather than the dew point. The tables below permit conversion from dew to frost
ratio changes with the molecular weight point. For a more accurate conversion, consult Table 102 of Smithsor'ian Metco- .

of the carrier gas. rological Tables.

'
Example I. (Metric Units)

Metric Units (*C)If frost point = -60*C, system total
pressure is 1013 mb, and the carrier gas

F.P. D.P. F.P. D .P. F .P. D .P. F .P. D .P.
"

"

' s hydrogen;
0 0 - 12 - 13.4 - 24 - 26.6 - 36 - 39.4 !

Mol. wt. of H O -1 - 1.2 - 13 - 14.5 -25 - 27.7 -37 - 40.52PPM, = PPM X ,

y
Mol. wt of carrier gas -2 - 2.3 - 14 - 15.6 -26 - 28.8 - 38 - 41.6

-3 - 3.4 - 15 - 16.7 -27 - 29.9 - 39 - 42.6
= 10.7 X 18. - 96.3 PPM -4 - 4.5 - 16 - 17.8 - 28 - 30.9 -40 - 43.7 ,

2 lby weight) -5 - 5.6 - 17 - 18.9 - 29 - 32.0 -41 - 44.7 !

-6 - 6.8 -18 -20.0 - 30 - 33.0 -42 45.8

Example 2. (English Units) -7 - 7.9 - 19 -21.1 -31 -34.1 -43 - 46.8

f f frost' point = - 70*F. system total
~

~ ~ ' ~ ~ ~ ~ ~ ~~ ~

.
-9 -10.1 -21 -23.3 - 33 - 36.2 45 49.0 .

pressure is 14.7 PSI A. and the carrier gas -10 -11.2 - 22 -24.4 - 34 - 37.3 -46 - 50.0
c hydrogen: -11 -12.3 - 23 -25.5 - 35 -38.4

Mol. wt. of H O2PPM, = PPM, X
Mol wt of carrser gas

= 17 X 18 = 153 PPM English Units (*F)
2 (by weight)

F.P. D.P. F.P. D.P. F .P. D.P. F.P. D.P.

+32 + 32 +10 + 7.4 - 12 - 16.7 - 34 -40.3
MOLECULAR WEIGHT +31 + 30.8 + 9- + 6.3 - 13 - 17.8 -35 -41.4
OF COMMON GASES - +30 + 29.7 +8 + 5.2 - 14 18.9 -36 -42.4
Acetylene 26 Helium 4 +29 + 2 8.6 +7 + 4.1 -15 -20.0 -37 -43.5
Air 29 Hydrogen 2 + 28 + 27.5 +6 + 2.9 - 16 21.1 - 38 44.5
Ammonia 17 Methane 16 + 27 + 26.4 +5 + 1.8 - 17 -22.2 -39 45.6
Argon 40 Nitrogen 28 +26 + 2 5.2 +4 + 0.7 -18 -23.3 -40 -46.6
CO2 44 Oxygen 32 +25 + 2 4.1 + 3 - 0.4 - 19 -24.3 -41 . - 4 7.7 -

CO 28 Sulfur Dioxide 64 + 24 + 22.9 + 2 1.5 -20 -25.4 - 42 -48.7
Ethylene 28 Water 18 +23 + 21.8 + 1 - 2.6 -21 -26.4 - 43 49.8

+22 + 20.7 0 - 3.7 -22 -27.5 -44 -50.8
+21 + 19.6 - 1 4.8 -23 -28.6 -45 -51.9
+20 + 18.5 -2 - 5.8 -24 -29.6 -46 -52.9
+ 19 + 17.4 -3 - 6.9 -25 - 3 0.6 . - 47 -54.0
+18 + 16.2 -4 - 8.0 -26 -31.7 -48 -55.0
* 17 + 15.1 -5 - 9.1 -27 -32.8 -49 -56.1
+ 16 + 14.0 -6 -10.2 -28 -33.9 -50 -57.1
+ 15 + 12.9 -7 -11.3 -29 -35.0 -51 -58.2
+ 14 + 11.8 -8 -12.4 -30 -36.1 - 52 -59.2
+ 13 + 10.7 -9 -13.5 -31- -37.2 -53 -60.3
+ 12 + 9.6 -10 -14.6 -32 -38.2
+ 11 + 8.5 -11 -15.6 -33 -39.3

,

'

REFERENCE: Smithsonian Meteorological Tables, $6mth Revised Edition. List. Robert J.,
Publication No. 4014, Smithsonian institution. Washington. 0.C.
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' - ENVIRONMENTAL. EQUIPMENT DIVISION
O

.

PRESSURE CONVERSION
As the total pressure of a gas sample changes, all of the partial pressures comprising the total pressure change in the same ratio.

Example 1. (Metric Units)
2 2If frost point = - 60*C and system total pressure is 1013 mb (1.033 kg/cm ), what is the dew point at 21 kg/cm ?

Vapor Pressure at -60*C , Vapor Pressure at New Dew Point
1.033 kg/cm2 21 kg/cm2

21Vapor Pressure at New Dew Point = 10.80 X 10-3mb X = 2195 mb partial pressure
1.033 .

From the Vapor Pressure Tables (over ice), the Frost Point = -35.2*C

Example 2. (English Units)

If frost point = - 70*F and system total pressure is 14.7 PSI A, what is the dew point at 70 PStG (84.7 PSI A)7

Vapor Pressure at -70*F , Vapor Pressure at New Dew Point
14.7 PSI A 84.7 PSI A

Vapor Pressure at New Dew Point = 4.974 X 10-4" Hg X 84 7 = 2.87 X 10-3" Hg partial pressure
14.7

From the Vapor Pressure Tables (over ice), the Frost Point = -44.5*F

DEW POINT / PRESSURE CONVERSION CHART
_
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' ' FLDW RATE 5 FOR DIFFERENT GA5ES AND PRES 5URES

|
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Flow GAGE READING-SCFH FLOW GAGE READING- SCFH

Actual Flow Rate of Actual Flow Rate of '
Airat Pressures Six Different Gases .

Other than 1 '
,,

Atmosphere (14.7 psia)

!

i
?

RECOMMENDED HARDWARE,
,

I

Flow Ganges (with volves) '

:
Stainlessand Glass Brooks Sho-Rate "50" No.1350 V, with '

2.65A
Glass, range 0.2 4.5SCFH

i

Brassandlucite Brooks Mite No.2001V.O.10 4.5SCFH

Sample Tubing Rosemmended Fittlags
,

Stainless Steel,1/4 inch Flare,or Swagelok

Teflon (or Ke!-F).1/4 inch Swagelok ;

Stabilized Polypropyine,1/4 inch Swagelok i

Pumps

.

Iron-Vans Type Gast Mfg. Co. Model0406 V10215C

(0.5 cfm)
'

,

Diaphragm Type Dynapump NeptuneProducts |
Model 2(2.25 cu. in./ min)

Filters (General Purpose: In-Line)

Stainless NUPRO 4F-316. with 60-micron filter
element

'
HOKE No. 632 3F4Y (31655)

$Brass NUPRO 4F. with 60-mieron filter
element

7-5
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USE OF THE GRAPHS GN PAGE 77

GRAPHI GRAPH 2

Used to determine sensor mirror temperature depression used to determine the minimum % relative humidity that can
below the Sensor Base temperature and the minimum dew be measured with the Modet 911 St Sensor.
point temperature attainable for a given Sensor Base temper-
ature. Step 1 Enter the graph on the left side with the sample gas

temperature (dry bulb temperature).

Step 1 Enter the graph at the bottom with the Sensor Base
temperature. Step 2 Go right until the intersection of the curve corres-

ponding to the Sensor Base temperature.-

Step 2 Go straight up until the slanted graph line is met.

Step 3 Go to the left and determine sensor depression.

Step 4 Go to the right and determine minimum dew point
attainable.

TERMS

1. Sample Gas Temperature Temperature of the sample
gas, often referred to as a dry bulb temperature. |

2. Senser Base Temperature . Temperature of the mounting i.

plate of the Mode! 911 Sensor. This temperature may be the same ~ |
as the chassis temperature if the sensor is mounted to the chassis ,

'

or it may be at the coolant temperature if the Model 91t-CJ j

coolant |acketis used.
'

3. Senser Depression Minimum number of degrees the
mirror surface temperature may be brought below the Sensor

,

Base temperature assuming 0.5 SCFH flow of 80*F air as sample |

gas across the miirar surface. Higher sample gas temperature or
gases with higher thermal conduct!vities than air tend to reduce
this figure.

4. Senser Minimum Dew Point Attainable .1.owest dew
pomt temperature that can be measured with a given Sensor Base
temperature given a 0.5 SCFH llow of air across the mirror sur-
face with sample gas (air) at 80'F.

.

7-6
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.EG&G DEW POINT HYGROMETER
SAMPLING SYSTEMS

Selection of Sampling Components MATERIAL MOISTURE PROPERTIES

CEWR Of equal importance is the effect All materials will absorb moisture to

' Of all the factors considered ir; hu- that material absorption /desorptior. some extent. The curves relate typient
characteristics have on overall system desorption properties of common sam-

middy measurement, one of the most
important. nnd that which moet often is . response. Although not true of all pling hne materials af ter being esposed

given the least attention. is the sampling applications, stainless steel, glass and to a " wet" gas such as the . nmotent
nickel alloy tubing are the best possible atmosphere. The curves illustrate the

systam. Considerations of leakage, pres. nonhygroscopic materials 'md should be difficulty of obtaimng a fast syst em
sure and temperature gradients. and used for low dew point applications (00F response when switching fi'om a high dew
moisture absorption / desorption charae. point sample to a low dew point sample.to -1000F). Teflon is also satistnetory. .
tcristics are of ten overlooked. but begins reducing system response due Even if the instrument responds instant-

to desorption at the lower dew points. ly the sampling lines dictate the overall
The problem of lenkage is relative; Copper and aluminum alloys, as well as response.

i.e.. if the dew point being mensured is stabilized polypropylene tubing, are oe-elose ~ to the ambient room dew point. ceptable above -200F dew point. Most
lenkage into the system mny not bias the plastic and rubber tubing is unneceptable

preaurized nbove atmospheric so as to sample, the effect of the more hy-
" _

'k
:

reading substantially, if the system is in all ranges. Unless attacked by the
crente a leakage out of, rather than into, groscopic mnterints is not of a con- .-

the system. the peror introduced will be taminating nature, but netually one of - I N. .m oa,
le s. The degree to which leakage can be introducing severe lag into the system (\talerated also depends heavily on the during the establishment of an equilib- c s

rium condition. For example, plastics e* ,w \actull dew point being mensured. As an
exnrnple, when mensuring a dew point of such as nylon cannot be used at low dew j "7 a A N

R R\-1000F with a sample flow rate of a
St*Fil, nt an ambient or curroumling dew pomts simply beenuse the equilibrium ,

condition may actually take days to 8 M ANe a
M \\point of 500F. n Icoknge in flow of 5 x

0 stabilize. The actual. selection of the c
10-5 S(*Fil will enuse nn error of 1 F. \\ N-
licaever, ut a measured dew point of sample hne material should be based on #

U\ = " '- A'the degree of permanency of the instal-*l00 1 the wime lenknge rate would lation, with a minimum of jomts, fit- A, M A0

exuse un error of only 0.000010 F. The Q*

nren of lenknge becomes significantly tings. and other plumbing prior to the gm
-

=
"

hygrometer Generally, stainless steel is p.,w,N
Imore iniportant and the error become,

much larger in systems operating below preferred for permanent . installations i . . . . i .

.. .

" " "
operating at low dew points. On stain- ,Z E",,, "" "

ambient pressure. less steel lines, either swage or flare-
type fittings enn be used. PRESSURE MEASUREMENTSPro Hasting

if the dew point of the gas under There are three types of pumps gen- The dew point tempernture of a gn is

mensurement is above the ambient tem- ernlly suitable for hygrometric work. a measure of the absolute moisture
perature of the installation and the For installations where the *nmpic is not content of the gas, regardless of the

sampling lines, both the lines and the to be returned to the process, the Cast temperature and pressure of the gas,
sensor must be heated with some type of Manuf acturing Co. vnne pump is necept- Most conversion tables for dew pomt (or

heuter tape, or the line must be steam- able. This pump offers a tensonnbly high front point), to parth-per-million, grams-

traced m the usual fashion. The up- degree of reliability, und can handle per-pound, ele., are made al atmowpheric

proach used will vary widely with the large volumes of air. The vane type of pressure (14.7 psia); therefore, if accu-

specific nature of the installation. and pump does tend to contaminate ' the rate absolute moisture content meusure-
the user must use his own. ingenuity to Sample with minute amounts of pump- ments are to be converted to atmo-
awure that none of the samphng compo- weer products (iron, enrbont. therefore. spheric-pressure-referenced vnheca. the

nents be at a tempernture lower than the it should be downstrenm of the hygrom- pressure must be known. A pressure tap

heghest dew point antiespated. If elec- eter. nfter the hygrometer sensor can be
trical henter lines are used, it is fitted with an approprint e pressure

desirable to connect these to a variable For general purpose use or for closed gauge. Basic flumidity Defimtions are
trcnsformer to adjust the hentmg level. loop sampling at atmospherie pressure. cxplained in Itulletin 3-050.

If the sample hnen are long, it may be nnv one of several types of dinphrngm
necewiry to wrnp them m insulntmg pumps, such as the Neptunc Dynnpump* CLEANING SAMPLING SYSTEMS
cl th to mimmi/c the amount of heat enn he used. The Dvmipump utilizes n
required to do the pre-heatmg.' The line neoprene dinphragm. and the pump hous- Most types of metal tubing contam
should be heated well above the dew ing is aluminum, oil deposits on the interior walls duc *o the manufacturmg process. This rempomt and should not esceed the tempern-
ture ratmg of the sensor. A maximum of For most dosed inno .nmpung where must he removed before puttme the hai - 1

'

2000F is usuntly recommemted. Heatmq leak tir . css is casenimi. the welded mio service m a gas simpiing esem.

obtwe the dew pomt does riot chnnge the bellows types such >is 'he Metal Itellows frichloroethylene or si sim unr onmi

MD-21 can ne used. enn ae used to elcun indiveuunt hnn imtdew pomt of the sompte.
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|car"ponents before cucmbly, with a finni level of 10% 176 mm lig), its &w pomt should be sufficient to ensure contmuous
'

flushmg after assembly. The hnes should would be -350C. Since this in below the fluvung of the hnes. m order to providey.
.

~

7 be purged dry with air or nitrogen before water vapor dew pomt it will not enn- a fast response time for the samohngbeing placed into service, in addition to dense on the sensor mirror. llowever, system. Usually. the flow rate of 2-4the amtial installation, the process itself this means that there would bc interfer- SCFH in a 1/4" line is adequate. how-
may corrtitute a source of contamina- ence if the water vapor dew pomt was ever, this number must be adjusted withtion and in many appilcations these are below -350C. If the contaminant is, in the length of the line. the level of
volatile hydrocarbons. An excellent fluid

addition. Soluble in the constituent bemC absolute moisture content of the sample,
for purging and cleaning the instrument measured it will modify the vnpor pres- and the desired response time of theand/or the sample is Freon 114. This is a sure and, hence, the dew point of the sampling system. A bypass ime may besuitable solvent smee it is capable of sample. The overall effect will depend used to meresse the mam samphng hneholdmg many hydroenrbons m solution,it on the degree of solubility. velocity and improve the overall re-es highly volatile. non-toxic, non-explo- sponse time. It is necessary that thesive, readily available. and will not at-

Noncondensibles sampling line be equipped with a valvetack common sampling line materials, for adjusting the sample flow rate. TheEGaG Dew Point Hygrometers are pro- The second category of contaminants sample for the hygrometer is obtainedvided with Type A or Type O Cleamng is the noncondensibles, which can again from the pressure drop across the bypassSolution for use in cleamng and condi- be subdivided into solubles, primarily as shown. It is desirable to provide thetioning the sensor mirror. Type A is a salts, and insolubles. consisting of partie- hygrometer input with a filter, especially_

general purpose cleaner for most appli- ulate matter. The soluble contaminant if the gas under study contains partie-ca tions. Type B is a specini purpose similarly will modify the partial pres- ulate contaminants. Several sinteredcleaner recommended for llent Treating, sure, or dew point, being measured. This stainless steel filters are available whichor similar applications, where oil vapors type of contaminant affects all types of are suitable. It mwt be rememberedCre present. This cleaner tends to make humidity instruments and necessitates that the filter element is considered a
*

the sensor less sensitive to oil vapor frequent cleaning of the dew point mir- hygroscopic item, which will contributecondensation. ror, since heating the mirror will not some lag to the sampling system. A
remove the salts. Insoluble matter is rule-of-thumb in the design of hygrom-
most easily avoided through sample line eter sampling systems is to mimmite theCONTAMINATION EFFECTS filtration. number of components, such as valves.System contamination and its effect tees. and filters prior to the hygrometeron dew point measurement can be sut -
SAMPLING CONFIGURATIONS input. The hygrometer output is con-

divided into two categories - condens. nected to a flowmeter and valve foribles and noncondensibles. Before pro- A suggested sampling system for use adjusting the flow rate to the recom-esedmg. it is important that one under. with EG&G Dew Point Hygrometers mended range of 2-4 SCFH.stands that the optical dew point would be one where a portion of the gas
analyzer measures the dew point, hence, line to be sampled is brought to the NOTE: Considerable cost savings canthe vapor pressure, of any substance that hygrometer location from a pressure tap sometimes be made by recogniting thatcondenses on the mirror surface. Con. either by usmg a suitably designed the sa mple ' exhaust lines and relatedversely, regardless of concentration, vacuum pump, or by expandmg the components need not be as high a qualitycontamination constituents in a sample sample to a lower pressure. The flow and as non-hygroscopic as those prior to
mill not condense on the mirror unless its rate through this main sampling line the hygrometer.
dew point temperature is reached.

C;ndensibles ; - - - - * - - - - >
PRr" JESS SEING SAMPLED

Condensibles can be further sub- i a

divided into soluble and insoluble con- I I

densibles, if insoluble, and its dew point | | hEn at or above that of the constituent FLOW CONTROL| ptogbemg measured, the relative concentra-
| HEATED SAMPLEtion level will mainly determine the

| LINES AND SENSOR 1cffect on the measured dew point. If the |
gq ,g IBF REQ'D)concentration level of the contaminant is

Qlow, i.e., it has a low partial pressure i t FLOWMETEResmpared Io the water vapor, then the i Fg ~ILTER llF REQ'Dp _ _

1
-- (0.5-5 $CFH)effect of its presence con be standard- I ~ ~ "" ~ ~ ~

erlo periodically before it degrades the I '
primary measurement. This is done by { % HYGROMETER I

2 04 g
heating the mirror surface to remove the
condensate and rebalancing the optical PRES $URE ~ ~ ~ ~ ~ "

detection system. At high concentration REGULATOR 3r
UF REQ'Ollevels the dew point annivrer mnv men-

sure the dew pomt of die contaminant FLOW CCNTROL
-

rather than the wnler vnpor dew point.
thn problem is lehened due to the high g OYPASS FLOW llF REO'D)

INCREASED TOT AL 5 AMPLEnt tenuntson charneteristics of dew or
FLOW FOR FASTER RESPONSEfrost compared to many of the common

contam ments. For example: if a water V COv:por dew pomt of 00C was being mea-
sured at atmosphene pressure (760 mm I VACUUnt PuuP
lig) and the ethylene oasde were present FLOWMETER OF REQ'D)

(RANGE TO SUIT) l'as a contamment at a concentration
EaHAU$1

The procedtres and parts recommended in this txalletin should be used only as a guidelme in selectmg and designing samphng syste ns.
If your problem is of special nature, call the EG4G Factory Engmeenng Service for assstance m selectmg sampimg components.
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