Ozone flight checklist

7 - 3 days prior to launch:

1) Begin a check list.

2) Run ozonesonde on zero air, or ozone filter, (zero ozone) for 10 min to warm up the pump motor. At the end of this period measure.

a) Initial motor current (should be < 100 mA). Orange and black leads to mA meter. 

b) Pump head pressure (should be > 10 psi) 

c) Pump suction (< 20 in Hg).

3) Condition with high ozone, tubing, pump, and cathode chamber for 30 min:  Turn ozone generator (GCA) on, lamp on, pull out ozone adjustment 6 divisions. Sniff for ozone if you want. Ozone inlet into high ozone outlet from the GCA. Outlet from ozonesonde into bottle of drier rite to capture the ozone and not contaminate the room. Ozonesonde pump on.

4) Condition with clean air for 5 min, using ozone filter or zero air.

5) Add 3 ml of 1.0% buffered cathode solution to cathode cell.Wait two minutes to allow cathode solution to saturate the ion bridge. Add 1.5 ml to anode solution to anode cell. To obtain proper amount depress plunger on micro pipette to first stop, insert tip 1-2 cm into liquid release plunger slowly. Transfer to cell and depress past both stops.

6) Ozone free air for 10 minutes.

7) Moderate ozone (5(0.5 (A) for 10 min. To achieve this. GCA lamp and pump on. Ozonesonde inlet into low ozone outlet. Ozonesonde pump on. Adjust UV lamp cover as needed. Outlet of ozonesonde into drier rite.

8) Ozone free air for 10 min. Check that ozone decreases by 70 - 80% in 1 min. Background may be 0.2 - 0.5 (A at this time. It will decrease in the next days.

9) Prepare Vaisala: Be careful with Vaisalas. They are CMOS and very sensitive to static electricity. Use grounding wrist straps and insure you are well grounded before handling Vaisalas. Insert battery and prepare battery leads from instrument for connection. Take out T/RH sensing element and tape down to package to prevent damage by inadvertent shock from brushing this element. Record Vaisala # on pkg and elsewhere, last 7 digits of number. 

10) Start TLMOZ. Check for sonde transmission with correct P/T/RH and reasonable ozone and pump temperature. 

Add 3 ml cathode solution to cathode. Short ozonesonde leads. Store in a dark place. 

11) Preflight, 1 - 24 hours prior to flight:
1) Remove solutions, rinse thrice with HPLC water, then refill. Cathode first, then anode, waiting the requisite 2 minutes between.

2) Remove electrical short on leads and attach to GCA.

3) Sample ozone free air until background is reached. If background is not < 0.10 (A, change cathode solution. Record background and ~ time to background. Record pump motor current.

4) Sample moderate ozone (~5 (A, 30 mPa) for 10 min. GCA lamp and pump on. Ozonesonde sampling low ozone outlet. Lamp cover adjusted out as needed (a few div). 

5) Switch to zero ozone air and record measurements ((A) at 0, 0.5, 1, 3, 5, and 10 min. Ozone should decrease at least 80% in 1 min.

6) Measure ozone flow rate using BIOS flow meter. Record T/RH during measurement. Use average of 10 measurements. Repeat average if there are large outliers. 
Turn off ozone. If flight is over 4 hours away short cell leads.

Before Launch, 0.5 - 1 hour:

1) Bring up receiving station, ON: computer, 403 receiver, modem. Prepare audio tapes. Copy Vaisala file to disk for Cosray.

2) Unshort cell leads if they were shorted.

3) Run TLMOZ. Run sonde on ozone free air for 10 min (Skip if within 4 hours of previous tests). Record ozone background. Check for proper  telemetry. Sonde off. TLMOZ suspended. 

4) Inflate and weigh off. Lift = 1.3*(payload + loadline + balloon). Weigh off = Lift - balloon.

5) Sonde on with filter at launch location, allow to remain on filter ~5-10 min, then without filter for ~3 min for surface ozone to stabilize. Careful with surface winds here. Don't lose a launch window. Shorten if necessary. If anticipate a wait of over 10 minutes for surface winds to subside turn off ozonesonde pump.

6) Tie load line: Balloon, chute, dropper, payload. Can be done in parallel with (5).

7) Check winds and launch

Inflight:

1) Keep yagi antenna tracking the balloon. Use http://weather.uwyo.edu/polar/balloon_traj.html to get winds, or get the latest winds from Mac Weather.

Check frequency tuning. Monitor signal strength and adjust antenna as necessary. Change tapes.

2) After signal lost:
1) OFF: computer, printer, scope, receiver, modem, tape recorder.Check that helium, instruments, tarps, computer, and tapes are ready for next flight.

2) Send primary and remote ra1 files along with Vaisala cal file number, ozone background, and ozone flow rate to me, deshler@uwyo.edu 

QUOBI ozone flights, June - October 2003, 3-4/week

For each flight success requires:

1) Good instrument -> good preflight and in flight measurements. Requires proper instrument preparation and careful handling of solutions, pipettes, cells, batteries. Good chemical handling procedures to avoid contaminations.

2) Good launch within time window -> no instrument damage, requires good judgment and is fraught with difficulty, depending on winds. Risks are expected to be taken. Loadline should be lined up along the wind vector with balloon upwind. Person with instrument must be prepared to run with the wind until the balloon picks up the instrument. Initial rise rates are typically 3-4 m/s = 6-8 knots. With winds of 6-8 knots the person with the instrument should not have to move. At twice this wind the person with the instrument must begin running as soon as the balloon is released. Helium should be spotted around town to permit great launch flexibility. Some spots.

a) Crary lab - isopack

b) VXE6 - northeast corner

c) Helo hangar - south side

d) Head of Winter Quarters bay??

e) Other ??

3) Reception of data through the target altitude

a) Proper choice of balloon. There are three options:

i) 1200 gm rubber - easiest to handle, fast ascent rate 5-6 m/s. Will likely  fail early at cold temperatures, but can be treated with kerosene to extend altitude range (25 available).

ii) 1500 gm rubber - next easiest to handle. Has similar characteristics as 1200 gm, but may have a better altitude range (18 available).

iii) 19,000 ft3 plastic - most difficult to launch, because of size, slow ascent rate 3-4 m/s. Will not get brittle at cold temperatures, thus should definitely reach above 28 km, most should reach 30 km. (32 available).

b) Proper inflation. Balance weights (called a weigh off) are used to gauge the amount of helium to put in. Weigh off = Lift = 1.3*(payload + balloon) - balloon. If there are winds during inflation it may be difficult to get the weigh off just right due to wind loading of the balloon. Err on the side of giving too much gas rather than too little. 

c) Antenna tracking the balloon/instrument through the flight. Signal is line of sight within a fairly large cone from transmitter, but in the dark if you lose it, it will be difficult to recover.

d) Receiver is kept on frequency, be careful of attenuate button, AFC, reception is on FMW 

e) Modem is receiving data -> understand mark and space. Modem sometimes requires power on off cycling.

f) Computer is kept running, using TLMOZ2. This program can crash and lock up computer if certain noise is received. Solution is to reboot and restart TLMOZ2 as quickly as possible. Mid flight restart does not require a correct estimate of the current altitude. It will have no effect on the received data.

g) Tape recorder is the back up for missing data because of computer problems, it cannot reconstruct the data if the problem is poor tracking or tuning in flight. Keep tapes switched as they run out. One flight requires 2 tapes. Tapes can be recycled once it is confirmed that no data recovery is required.

4) Data analyzed and included in the data base in a timely fashion. Requires providing files, Vaisala calibration numbers, and flow rates to me after the flight. I will be responsible for data reduction and submittal, though I may ask for some help.

The recipe for the cathode and anode solution 1% KI buffered. Bryan Johnson, Feb 2003

Cathoded (1% buffered)

1 liter distilled, deionized water

10.0  grams KI

25.0  grams KBr

1.25 grams NaH2PO4.H2O

5.00 grams Na2HPO4.12H2O

I start by filling a clean 1000 ml volumetric flask about 1/2 full with distilled, deionized water. Then add the KI, then the KBr. Add a little more distilled, deionized water to wash any of the KI and KBr sticking to the inside of the flask neck. Swirl solution around to help dissove. Then add a carefully measured 1.25 grams of NaH2PO4.H2O (sodium phosphate monohydrate) and then the 5.00 grams Na2HPO4.12H2O. Finish filling the flask to the 1000 ml mark to finish making up one liter of solution. Invert the flask a few times to make sure all chemicals are dissolved and let it set for 5 or 10 minutes and invert a few times again before transferring to a 1 liter bottle (preferrably a dark, plastic or Nalgene bottle) for storage. We usually use the 1 liter bottle as the source cathode solution and transfer, when needed, from that bottle to a smaller, clean 125 ml plastic bottle for regular use.

Anode is made from KI and cathode solution:

We use a clear, plastic wide-mouth bottle for the anode. The wide mouth makes it easier to add KI. A clear bottle makes it easier to see that the anode solution is saturated - with some KI crystals still present in the solution. Generally we add about 90 grams of KI, then add about 60 ml of cathode solution. It takes several hours to saturate and the solution will gradually turn yellow. It is fine to just keep adding KI and cathode solution to make more as long as the solutions stay clean.

Just a couple of notes:

1. Use only distilled, deionized water (or cathode solution) for rinsing cells or syringes.

2. When making the cathode solution: Carefully check that the correct chemicals and weights are used. I usually have to double check the label before weighing the ingredients, and then check it off or move the bottle to the side so I know that it was added. 

3. I think the cathode solution is good for probably a year or more as long as it is stored in the dark at lab temperature.

Model 6a                                                                                Science Pump Corporation 

Operators Manual                                                                          6A ECC Ozonesonde

SENSOR SOLUTIONS

   Sensor solution requirements are very strict. The ECC sensor solutions should be prepared using at least pro analysis chemicals and triple distilled water.

(1) Cathode Solution:

To 500 ml of distilled water add:

(a)     10.00 g   KI

(b)     25.00 g   KBr

(c)       1.25 g     NaH2PO4•H2O

(d)       5.00 g     Na2HPO4•12 H2O

      or  3.73 g      Na2HPO4• 7 H2O

   Shake vigorously to dissolve the chemicals and add triple distilled water to get 1000 ml of cathode sensing solution.

                                                  NOTE

    Total volume of 1000 ml is a NOAA preference /1/ and gives a KI solution of 1 %. This causes a 5 % error in the indicated ozone amount, but evaporation (i.e. solution concentration increase) during sounding reduces the error higher up to nearly zero. If the total volume is 650 ml /3/, the error during sounding is 
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 2.5 %. When the KI solution concentration is 2 % (volume 500 ml), the error is irrelevant as long as the evaporation of the solution is not relevant.

(2) Anode Solution:

   Pour 50 ml of the cathode solution (prepared as described above) into a 100 ml bottle. Add 90 g of KI crystals and shake vigorously to dissolve the crystals. The solution is saturated and all crystals will not be dissolved.

(3) Storage:

  Store the cathode and anode sensing solutios in the dark at a temperature of 20 to 25 °C.

   After a couple of months of storage an old solution should be discarded and a new solution prepared. However, solutions stored in optimum environment endure storage time of 4 to 6 months. The condition of the solutions is checked during flight preparations by measuring the time response of the sensor.

   If the storage time is going to be long and part of the 1000 ml solutions will most likely be discarded, it is naturally possible to prepare smaller portions. To prepare, e.g. 500 ml of the cathode solution, a 500 ml filling bottle is needed.

   The solutions are buffered (pH=7) because the stoichiometry of the reaction is strongly pH dependent / 4 / . However, the pH-value of the solutions is not exactly 7 in all conditions due to differences in the total water content of the solutions.

Making ozonesonde solution (ECC-ozone sensor) - 0.5% KI solution, buffered

There are a few variations on the ingredients between manuals; sometimes they use NaH2PO4.2H2O and sometimes (as we are) NaH2PO4.H2O. (Spot the difference!) Hopefully the dry ingredients for the anode and cathode solutions should be made up in Cambridge and so you won't have to. But, just in case....

Full recipe

Please read the risk assessment for this procedure and the data sheets. The chemicals are not hazardous but wear a lab coat, safety glasses and (where possible) gloves.

Equipment

Balance

Transparent cathode bottle 

Opaque anode bottle

Spatula

Beaker

Ingredients for Cathode solution

5g
Potassium Iodide (KI)

12.5g
Potassium Bromide (KBr)

0.625g
Sodium di-hydrogen orthophosphate 1-hydrate (NaH2PO4.H20)

2.5g
Di-sodium hydrogen orthophosphate 12-hydrate (Na2HPO4.12H2O)

500 ml
Distilled water

Instructions for Cathode solution

Put 250ml distilled water in a beaker. Add the dry chemicals. Allow this to dissolve then add distilled water to make it up to 500ml. Store in a transparent bottle.

Ingredients for Anode solution 


250g Potassium Iodide (KI)

Instructions for Anode Solution

Add 100ml of cathode solution to the potassium iodide. Store in an opaque bottle. When you come to use the solution do not shake it up, the anode solution is a saturated solution and the crystals should settle at the bottom. Label the bottles with the date when you have made them.

Short recipe.

IMPORTANT - 

Ozone solution goes off and so it is better to make fresh solution up as you go along. Only add water to a new bottle when the old one is finished. Ozone solution should be used within one month. To lengthen the life of the solution you can store it in the fridge.

Hopefully you should receive the dry ingredients already in the bottles. You will have to add water to the transparent bottles to make up 250ml of solution and then pour 60ml of the solution from the transparent bottles into the opaque bottles (which contain 150g of Potassium Iodide). Label the bottles with the date when you have made them.
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