Instructions for Humid-o-graph Operation

    - Assembly   Carefully slide the stainless mesh tube inside the Gore-Tex tube so that about 2” of Gore-Tex tubing extends past the stainless tube on each end. Take care not to allow wire from the inner tube to pierce the Gore-Tex tube. Remove or bend back any stray wires from the inner wire tube to prevent this. Any holes that do form in the Gore-Tex tubing can be temporarily covered with a small dab of silicone sealant. Slide the Gore-Tex tubing inside the 1” stainless tube and slide a viton o-ring over each end of the Gore-Tex tube.  It’s easier to assemble the side with the 1800 bend first. Slide ¾” and 1” swagelock fittings over the ¾” tube using Teflon ferrules. Next carefully slide the Gore-Tex tubing over the end of the ¾” tube and slide the o-ring over the ¾” tube with your fingertips while not letting the o-ring slide off the Gore-Tex tube. Tighten the 1” swagelock fittings fingertight and repeat these steps on the other side. Adjust the tube position so the water inlet and outlet face the desired direction (probably toward the nephs) and tighten the ¾” swagelock fittings. You may at this point want to check to see that the thermal switches for the heating tapes are connected and connect hoses to the hose fittings (small hose on inlet, larger diameter hose on outlet). The outlet hose will need to have a tie-wrap around it to prevent leaking. 

    -Mounting  Attach ¾” stainless tubing to outlet from the instrument rack. Insulate this tubing and point it so it will match the reference neph inlet. Attach preheater tubing to outlet of the reference neph. Attach swagelock tees and Vaisala probes to the preheater and wet neph inlet. Align the nephs facing the back wall. Mount the humidigraph tubing, connecting the side closest to the preheater first and then the side going into the wet neph. Adjust the tubing so the preheater and tubing going into the wet neph are coplanar. Be careful not to twist or detach the Gore-Tex tubing while making these adjustments. Insulate the tubing. Attach the wall mount bracket to the humidigraph tubing. Slide the nephs to the back wall. Attach the inlet to the reference neph and attach the wall mount to the wall. An easier procedure may be to assemble the humidigraph tubing, attach it to the wall and then slide the nephs up to meet the tubing. Make all electrical connections to the nephs and Vaisala probes. Connect the outlet of the wet neph to the ½” vacuum line.

   -H​2O Plumbing  Attach overflow bottle to humidifier tubing. Fill reservoir with H​2O. Connect reservoir to filter via pump, filter to heat exchanger, heat exchanger to humidifier, humidifier to reservoir. Make certain there are no kinks in the tubing, especially in the wider diameter tubing from the humidifier exit. Turn on the pump and check for leaks. A leak inside the humidifier means there’s either a hole in the Gore-Tex tubing or the Gore-Tex tubing slid off the ¾” tubing.  Since the peristalic pump operates at one speed the tubing size determines the water flow rate. In removing the tubing from the humidigraph, use a bottle to catch the water and prevent the neph electronics from getting wet.

  -Watlow Controller  Do not operate the humidigraph heater without a significant gas flow through the humidifier otherwise the humidifier will overheat. The inputs to the Watlow are the two Vaisala RH probes located immediately after the preheater and before wet neph inlet. The RH inputs are 0-5 volts which correspond to 0-500% RH. The input and output settings are set in the Watlow setup menu and are accessed by pushing the up and down arrows simultaneously for 3 seconds on the front panel display. The Watlow ouputs are the preheater(Ot1A) and humidifier heater(Ot1B).The preheater is set to cool, meaning that it will heat up until the RH descends to its setpoint. The humidifier is set to heat and will heat until the RH ascends to its setpoint. Both heating tapes have a thermal switch that will create an open circuit at 210o F and reclose at 190o F. The preheater may overheat if there’s an H2O leak in the humidifier or if the ambient air has an exceptionally high dewpoint. The humidifier will overheat if there’s not enough gas flow through the system, if the incoming air is extremely dry (<7% RH), if the water flow through the humidifier is too fast or if the airflow through the humidifier is too high.

· Tuning the Watlow  Watlow tuning is in the Operations Menu accessed by pushing the mode key on the front panel display. There are both manual and  autotune modes. The tuning determines how fast the Watlow approaches the setpoint, how much it will over/undershoot the setpoint, the stability of the reading once it reaches the setpoint and how often the Watlow goes into a seek or hunt mode. The preheater is PidA and the humidifier is PidB. The manual tuning parameters set for  the humidifier are as follows.

Proportional band    Pb   15

Reset                        re   0.5

Cycle Time              ct    1.0

Rate                          ra   1.0

Calibration offset     cal    0

How fast the RH changes and the ability of the humidifier to reach the setpoint depends not only on the Watlow tuning but also the residence time of the water and ambient air through the humidifier as well as the initial water temperature and initial RH of the ambient air. Faster flows, drier air and colder water means the heater has to work harder to humidify the airstream. Small tubing has been used through the peristalic pump to slow the water flow. Use of the heat exchanger fan or the heat exchanger is optional. The heat exchanger reduces the time for the system to cool down and return to a low initial RH. Without this cooling the minimum baseline RH may slowly increase over time. Insulation after the humidifier helps to reduce the temperature differential between the wet neph inlet and outlet. The temperature and hence RH differential between the wet neph inlet and outlet depends on how hot the humidifier gets. Apparently the neph lamp doesn’t increase the temperature of an already hot airstream as much as a cold airstream.  When the initial airstream entering the humidifier was exceptionally dry and the humidifier had to operate at a relatively high temperature to humidify the airstream the RH actually increased and the temperature decreased between the wet neph inlet and outlet. I would suggest when setting up the humidifier to adjust the amount of insulation, preheater setpoint and flowrate through the system to achieve the desired RH values inside the wet neph. Changing the flowrate from 30 to 25 lpm can have a pronounced affect on the rate of RH change between setpoints.

· Dryer Tube Assembly  When assembling the tube the top ¾” stainless steel tube was left unadhered to the inner mesh tube to facilitate in the assembly and disassembly of the dryer. In the assembly it’s easiest to insert the ¾” tube into the stainless NPT fitting and then slide the pipe into the sleeve of the inner mesh tube. Next screw the stainless NPT fitting into the top of the dryer tube and adjust the ¾” stainless tube height as needed before tightening the swagelock ferrules and nut.

 The dryer tube contains molecular sieve. Filling of the tube involves removing the PVC pipe cap at the top of the tube and pouring the sieve through a funnel. Be certain to tightly close the cap after filling to prevent room air from entering the dryer. There may be two methods to dry the molecular sieve. The first involves placing the sieve in a baking pan and heating it in an oven between 200-300 F for several hours, and then transferring the sieve while hot to an airtight container to cool. The metal can in which the sieve came can serve this purpose. Alternatively, the sieve can be transferred to the metal can with heating tape around it. The small pump is connected to the brass swagelock union with the copper tube extending down into the can and the second outlet left open or uncapped. Both the heater and pump are turned on for several hours. Be careful not to place the can near anything flammable. After the heating period, unplug the pump and heater and cap the swagelock unions until the sieve has cooled.

