CM4110 

Cooling Tower: Induced Draft, Counter Current Flow

Experimental Notes
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This cooling tower is an induced draft type (has fan on air out line). It brings in ‘cool dry air’ and exits ‘warmer moister air’ into the bldg vent system (HF-54). It mixes 25 psig saturated steam and cool water to make hot water for the water inlet. The cool water out from the cooling tower goes to the drain.  The ‘packing’ is anodized expanded aluminum mesh.  Use English units (BTU, lb, hr, etc.) for your data collection (convert from C to F if needed) and calculations.

Start-Up

Initially, adjust the temperature of the hot water in on the Leonard to be hot= all the way red. This is to get the steam condensate blown out of the steam line.

Wait until the temperature of hot water into the cooling tower (small blue indicator by the Leonard) stabilizes (typically about 5 min). Then you can assume all the condensate is blown out of the line.
Normal Operation

Keep hot water temp set to 110 F-120 F for all (4 to 5) cases you run. Then adjust CT-V-4 to get the desired amount of hot water going into the column.

Keep  LI-04 above TI-03 (so you get a water out temp reading). Adjust CT-V5 (if needed) to get the liquid level above the temp probe TI-03 on cool water out line. Be careful. You can put more hot water into the cooling tower than you can put to drain.

You can adjust the fan to the desired speed using switch labeled “fan” on the wall behind the cooling tower. 

Wait until you get steady state (LI-04 is steady, all temps steady, etc). This takes about 20 min. 

Cool Dry Air In: 

use Vane Anemometer to get flow rate


This is on the shelf in UO lab office across from MSDS book. See instructions on how to use it. Where do you take the measurement? How many ‘air inlets’ are there? You need to measure velocity on all of them and convert this to volumetric flow rates to get total air in. 

Use Dickson Handheld Temp/Humidity meter (stored in UO office) to get air inlet Temp, RH, dew point. 

Warm Moist Air Out:

Use Hot Wire Anemometer/Thermometer to get flow rate out and temp out by removing the rubber stoppers on the air out line (have to use a ladder and insert the probe). You may have to put tape on the sensor cover to keep it open for measurement. This is stored on shelf in UO lab office across from MSDS book. 

· See instructions provided to you by instructor on use of this instrument. Never touch the “sensor head’ on this instrument that measures velocity. If you do you will break the sensor. See handouts from Tim too for where to take measurements. Flow rate is different near the wall vs. in the center of the ‘air duct’. Keep the ‘white dot’ down when you take a velocity measurement.

Read RH and Temp of moist warm air out using MI-05 on air out to vent line (up high- might need a ladder to read it or a tall person). 

For each case, you could also take wet bulb (has water trough) and dry bulb temp (no water trough) measurements on the cooling tower itself at MI-07, MI-08, MI-09, MI-10, MI-11 using the handheld temp probe (in UO lab office across from MSDS book). This gives you a temp profile across the cooling tower.

Good references: 

a. Use McCabe, Smith, Harriot, 6th edition, “Unit Operations of Chemical Engineering”, McGraw Hill, NY, 2001, Ch. 19.

b. Perry’s, “Chemical Engineers Handbook”, McGraw Hill, 1973, NY, Ch 12 in 5th ed.

c. Geankoplis, Ch. 10, in 3rd or 4th ed.

d. Marley Technical Bulletin R-61-P-13 and Marley Cooling Tower Basics on the CM4110 web page.

e. http://www.marleyct.com/

f. http://www.cheresources.com/ctowerszz.shtml and http://www.cheresources.com/software.shtml

g. http://myhome.hanafos.com/~criok/english/publication/thermal/thermallisteng.html

Calculations

Be careful when you look up enthalpy values. Some books use different reference temperatures. Just be consistent about which tables you are using. 

Show all your calculations and each of the steps or you will lose points. 

1. Find out what dry air flow rate (lb/h) you believe. What will you use? What do you get from an energy balance for the air flow rate (lb/h)?

2. Determine your approach temperature and range for each of your cases. Compare these values to each other and to typical values (get from references).

3. Determine the number of transfer units (NTU) and height of a transfer unit (HTU) for each of your cases. 

4. Determine the tower characteristic (KaV/L) for each of your cases (see Perry’s). Plot KaV/L vs L/G. This is your available coefficient at a constant air rate (fan = max). See Marley Technical Bulletin R-61-P-13 and Marley Cooling Tower Basics on the CM4110 web page.

5. Assume we are the manufacturer of this cooling tower and you just did your test runs. We are shipping this cooling tower to Houston, Tx to be installed.  The design wet bulb temperature in Houston, Tx (Kern, p. 597) is 81.0 F. This is the worst condition for your tower to operate at (hot and humid in July in Houston). We have to cool off a hot water stream from 110 F (temp hot water in) to 90 F (temp cooler water out). What L/G ratio will you recommend to run this cooling tower at? This is the required coefficient. 
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