Technical issues related to using the
ARI mini for eddy covariance or
chamber measurements



Topics

— Relationship between flow rate, time constant
and sample pressure.

— Real-time water corrections to obtain real-time
dry air mixing ratios.

— Data integration issues
— Value of Team Viewer
— Input from group



Flow Rate and Response Time

* Three fundamental Flow System
quantities: T, P_.and ®.
* Two constraints —inlet Inlet Line
FlowIn F

and outlet valves

* So, one can choose two —— ™
variables freely. Third POV CVo
variable is determined
by: ~ PUMP '

Flow Out Pump Line

T (s)~ 0.072 * P_(Torr) * V(I) / O(slpm) (1)



Working with Equation (1)

T (s)~ 0.072 * P (Torr) * V_(I) / ®(slpm) (1)

P.is measured continuously (20 to 50 Torr)
V_is constant (0.5 liters)
T can be measured by flow switching (0.1 to 5 sec)

® can be measured with flow meter (0.1 to 20 slpm)
[It is useful to have a flow meter available]

Small t is critical for eddy covariance; small ®
is often critical for chambers.



How to set control valves for low flow

* With low flow both valves are operated as critical orifices
— CV, controls the flow rate, @
— CV, controls time response, T
— Pressure follows from Equation (1)

* Practical Procedure #1
— Open CV, completely.
— Adjust CV, to set the desired flow rate, ® (do not need flow meter).

— Adjust CV to set the cell pressure, P, to its desired value. This will
also set t but the cell pressure is easier to monitor.

* Practical Procedure #2
— Turn on pressure lock
— Adjust CV, to set the desired flow rate, © (requires flow meter).



How to set control valves for high flow
and fast time response

* CV, must be wide open (and tubing to pump must be
large diameter, 25 mm ID)

— This implies: t(s) ~ V((I) * [60/S,(lpm)]
— Typically S, ~ 500 lpm so that t(s) ~ 0.06 s

* Adjust CV,toset P_and ®

— Might be necessary to set P_lower than optimal

* Helpful inlet hints:

— Use at least 9 mm OD tubing on inlet
— Keep inlet filters clean; use parallel filters



Eddy covariance flow scheme

1” od line

Sampling Plan

100 micron orifice,
75 sccm

NO, 100 ppb

BG gas

Solenoid
valves, /4"

Swagelock N20, 300 ppbi

25 meter, %4” od line for cal

. . Manual valv
Filter, 0.5 micron :

Tee

T 25 meter, 3/8” od Synflex Filter

Heated to prevent condensation:
Sample %" od Swagelock

INn_ e



Real Time Water Correction

 Both eddy covariance and chamber
measurements desire dry air mixing ratios

* This can be accomplished with Nafion dryer or
dry ice trap before instrument but...
— Expensive
— Imperfect, failure prone
— Prevents recirculation experiments

* By measuring water vapor mixing ratio we report
dry air MR even though we measure wet air



Usual Effect of Water on Measured
N,O Mixing Ratio

e Software
reports the
true MR not
the dry MR

* Variation s
greater than
pure dilution
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Effect of Water on Measured N,O
Mixing Ratio with Software Correction

i T D LWI n te I u S eS 3101— N20 mixing ratio with, then without, water correction 2:5
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Dry Air Mixing Ratio Shows No
Correlation with Water

* Dependence of
dry air mixing
ratio is too
small to
measure

 Reduced by at
east 250x

* Independent of
cell pressure
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Dry Air Mixing Ratio Eliminates
Pressure Dependence

* Simpler
correction
methods depend
onh pressure

* Using proper
spectral model
provide pressure

independent
correction factor

N20O(ppb)

320 —

[ .0.0 QM..

o o ®

SV e

REFIT WITH H20 DISPLACEMENT
AND BROADENING RATIO 2.09

318 - FOR ALL PRESSURES
316 —
314 -
N20 2199.737 cm-1
312 -|Dependence on water vapor
m(N20-dry)=m(N20)/(1-B*m(H20))
P(Torr) B
e 10 1.24
20 1.35
310-| @ 40 1.48
® 50 1.51
L
I I I |

H20 (ppb)




Water Broadening Correction Factors

- - Experimental Water Broadening Ratios
e Correction factor is

interpreted as the ratio N20 Frequency (cm-1)  CF Instrument
fth i 2243.11 " 1.80 Julich
or the water 1275.49 " 153 IMK6
broadening coefficient 223766 ' 1.704 IMK6
to that of the air 2’”3975 . ;-9 ZALF
. . 199.74 1 VTI1
broadening coefficient 219974 " 21 VTl2
e Usually not known from
literature CH4 Frequency (cm-1) CF Instrument
+ Since the pressure 1276.85 155 Julich
~1275 1.9 ZALF
broadening is a function
of spectral line — CO2 Frequency (cm-1) CF Instrument
, 2242 .91 " 2,50 Julich
correction factors must
be determined for each co Frequency (cm-1)  CF Instrument
spectral line 2199.93 " 21 VTI1

2199.93 2.1 VTI2



Water Broadening: Software Details

[ FTT N
(5 Set Water Broadening Coefficients l = l = I&J

* Must specify a

Water Vapor Broadening R atios [\Water/air)

CO I’reCl'IOn fa CtOF fOr Species 1-4  Species 5-8 Species 912 Species 13-16
each molecule [3.000 [0.000 0.000 [0.000

. . f . |0.000 |0.000 0.000 0.000
Must SPECITY SPECIES |0.000 |0.000 |0.000 |0.000
number that 0,000 0,000 [0.000 [0.000

corresponds to water

Water Vapor Species Number: |2

va por Setting the Water Yapor Species Number to zero turns
° : off all dilution and broadening corrections. Setting any
Se I eCt th IS menu individual broadening ratio to zero, turns off both the
. . Il dilution and broadening corrections for that species.
under: Edit\Water
. A broadening ratio of 1.0 represents pure dilution.
B roa d eni ng cos Typical broadening ratios for waterfairare 1.5t0 2.5.

Cuit [ Implement 1




Eddy Covariance Data
Integration Issues

Eddy covariance depends on observing fast
correlations between wind speed and mixing
ratio

QCL data must be sufficiently fast

QCL and sonic must be perfectly synchronized

Potential Obstacles:
— No man should wear two watches

— Speed of QCL computer?
— QCL is not a clock — data rate can jitter



Two Approaches to Data Integration
for Eddy Covariance

* Approach #1 (hard drive, recommended):
— Save Campbell data to data logger
— Save Aerodyne data to hard drive
— Integrate data sets during post processing
— Calculate flux with Eddy Pro

* Approach #2 (RS232):
— Save Campbell data to data logger
— Send Aerodyne data to data logger via RS232
— Calculate flux with Eddy Pro



Two Approaches to Data Integration:
Pros and Cons

* Approach #1 (hard drive, recommended):
— Requires decent synch between Campbell and QCL
— Allows careful handling of subtle timing issues
— Eliminates RS232 cable from QCL to data logger

* Approach #2 (RS232):
— Requires software on the data logger to read RS232
— Provides real time and simplified data integration
— Sweeps subtle timing issues under the rug



Data Processing Scheme

HITRAN data Asrodyne
base instrument
- Measuring
e TOL WINTEL
‘Time to‘ tL)

~Online™ Fitting
TOL WINTEL
{Time at)

Measuring
LOGGER PROGRAM

1.Time lag: t.= 1.9 s(calc.)
2,AIim:ty =t
3.Aim:ty#dt<0.1s

4. Aim: At=t,-t; equidistant




Team Viewer

| ® O O TeamViewer Computers & Contacts

v ——
e

Meeting F 2 X 9

¥ My computers

Remote Control

Allow Remote Control Control Remote Computer L, ABC
Please tell your partner the following ID Please enter your partner's ID in order to [;1’ SGAGEIZINGIISO
and password if you would like to allow control the remote computer. L, COS mini

remote control. L, EMPA Mini N20 CO C.Z.

Partner ID ) L, Goth Dual
107 094 439 IMK6 (625647789) & I, IMK N20 Isotope
oy (®) Remote Control b were

~ 5, IMKS Julich
(_) File Transfer
L, IMK6
[ Gonnectto-pastnen ] L, Joe Berry COS Mini

L, Korean Dual

L, Lund N20 Mini

L, MIT AGAGE 1

L, SSR JAMSTEC Clumped CO2
L. SSR NIAES N20 Iso

* Remote control * Also very useful to you

software e Obstacles:

* By far, the best way for — Internet connection
us to help you succeed

o Ready to connect (secure connection) Computers & Contacts 2>

— Network
° Secure Administration
You will get more help if you find a way to use TeamViewer!



User Input

e What have we missed that we
should talk about?



