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Craft & Technique: Building a Manometer

you pressure test a fuel tank, without worrying about put- ting too much pressure .... Mix 1 tea- spoon of softener into the water. This reduces the surface tension of the water so it doesn't .... While watching the paper scale, suck on the air supply. 
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craft & technique Building a Manometer Pressure testing device has many uses JOHN MCAVOY



H g



ave you ever wondered just how accurate your airspeed indicator is? Does your pitot system have more holes in it than a slice of Swiss cheese? Can you pressure test a fuel tank, without worrying about putting too much pressure in it? Your answers can be found with the help of a manometer. A manometer gives you the ability to accurately measure small pressures. What a manometer is about is simple: how much pressure does it take to push a column of water straight up, through a tube? We use a simple form of a manometer almost every day of our lives. Every time we sip a drink through a soda straw, we use differential air pressure to push a liquid up the straw. We’re going to do exactly the same thing here, except our straw is going to be much larger, and it has a gauge to indicate exactly how far the liquid moves.



Cut out the 0- to 19-inch scale and slide it under the left leg of the “U” you make out of the tubing. The “0” or “zero level” should be approximately in the center of the tube. If you plan to use the manometer to measure more than 19 inches, then cut out the 19- to 38-inch scale. Tape it so the 19 is directly over the 19 on the 0 to 19 scale. Use a tape measure to verify the full scale, 0 to 38, reads exactly 19 inches. The scale has two sets of numbers, inches on the left and knots on the right. Upon initial inspection, you may think the scale is wrong, because each 1/2 inch is labeled as an inch. The following demonstration will disprove this idea, plus provide you with an idea of how small a pressure the manometer is capable of measuring. Fill the “U” tube to about the halfway point with water. Blow gently into one side of the “U” tube. As the pressure you are applying pushes the water down on one side, the water level on the other side of the tube goes up an equal amount. If we measured the difference between the two sides, that is pressure that we’re exerting, in “inches of water.”



The theory behind a manometer is simple: how much pressure does it take to push a column of water straight up, through a tube?



Creating the Scale The scale can be printed from the file Airspeed/Pressure, which is located at www.IFlyEZ.com; look under downloads. After printing the pressure scale sheet, use a tape measure to verify it didn’t shrink or expand in the printing process. The distance between the 0- and 19-inch marks should be exactly 9-1/2 inches. This is critical for the accuracy of the manometer. If your printed copy comes up short, turn off the “fit to page” setting for your printer and reprint. 126
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Construction Most, if not all, of the parts can be purchased at a hardware or department store. Look in the plumbing and au-



tomotive departments. Here’s what you’ll need: • 10 feet of 3/8-inch clear vinyl tubing for the “U” tube • 15 feet of 3/8-inch “surgical” tubing for connecting to the pitot system • 1 “T” ﬁtting for the 3/8-inch tube • FRAM G2 gasoline ﬁlter • 1-by-10 pine board, 48 inches long • Electrical staples for Romex wire, for securing the tube to the board • Golf tees The height of the “U” will depend on the pressure you want to measure. If the maximum pressure is 19 inches, then make each leg of the “U” at least 25 inches. If the maximum pressure is 38 inches, then make the legs at least 44 inches. This will give a 6-inch safety margin at the maximum pressures. When securing the “U” tube to the board, note on the diagram the location of the staples. This leaves enough room to allow the paper scale



Airspeed indicators respond to pressure changes a lot faster than the manometer. When blowing into the air supply, do so gently so as not to cause sudden, jerky movement on the airspeed indicator needle.
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to be inserted between the tube and the board on the left side. The scale will also need to be able to slide up and down to adjust the zero level. Do not omit the FRAM ﬁlter. This ﬁlter does two things: It reduces the risk of accidentally getting water or other contaminants into the pitot system during testing, and it acts as a bafﬂe or shock absorber, reducing pressure pulses going to the pitot system. The pine board needs to be straight up and down. Drill a hole in the top and hang it from a nail.



Filling the Manometer Prepare 1/2 pint of water, preferably distilled, but soft tap water will work. Mix food coloring into the water. Make it as dark as you can; this makes the water level easy to see. Mix 1 teaspoon of softener into the water. This reduces the surface tension of the water so it doesn’t stick to the inside of the tube. Detergent will also work, but you’ll have to allow the bubbles to disperse before you can take any measurements. Stir the mixture, but do not shake it. If you shake it, you’ll be waiting for hours for all the bubbles to settle. Fill the “U” tube with the colored water mixture. The exact level isn’t critical. Fill it so the level is about an inch above the middle staple. This will be the zero adjust point. When the bubbles settle and the two sides equalize, slide the paper scale up or down so the zero adjust point on the scale is lined up with the water level.



Answer: Yes you do!* * Question: Do I need one of these? Find out why at:



www.ellison-tbi.com



Carburetors You Can Bank On! Ellison Fluid Systems Inc. • 350 Airport Way • Renton, WA 98055 • 425-271-3220
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Verify, Test Pinch off the tube that goes to the pitot system by using a golf tee or some other plug. Blow gently into the air supply hose. You’ll see the water level change. Get a feel for how much pressure it takes to move the water. Practice pinching the air supply hose to hold a pressure. Release the pinch just a little to generate a small leak. When testing an airspeed indicator, a leak of approximately 1 inch of water every 5 seconds provides



enough time to compare the indicator with the manometer scale. Blow a pressure equal to about 120 knots and then pinch the air supply tube with your ﬁngers to hold the pressure. Put a golf tee into the end of the air supply tube and then release your pinch. Once the level stabilizes, it should remain at this level, indeﬁnitely. This method is ideal for testing pitot systems or fuel tanks for leaks.



Pitot Leak Test Before getting serious about calibrating airspeed indicators, make sure the system is not leaking. Apply enough pressure to get about half of your redline airspeed, and then pinch off the air supply line. Once the manometer stabilizes, the water level should not change. If it does, you have a leak.



Airspeed Calibration Airspeed indicators respond to pressure changes a lot faster than the manometer. When blowing into the air supply, do so gently so as not to cause sudden, jerky movement on the airspeed indicator. The FRAM G2 ﬁlter will provide some protection, but the airspeed indicator can be permanently damaged by sudden pressure changes. Do not peg the airspeed indicator needle. Verify the water level is at the zero level on the paper scale. Gently blow into the air supply while watching the airspeed gauge. When the airspeed indicator is at its maximum reading, pinch the air supply tube. Once the manometer stabilizes, the water level should not change if there are no leaks. Reduce the pinch on the air supply to generate a constant decrease of 1 inch every ﬁve seconds. The airspeed indicator should read the same as the airspeed on the manometer gauge. The airspeed-pressure table is provided for your convenience. You may need to gently tap on the airspeed indicator to get it to move; this is normal. To check a fuel tank for leaks, cap off all known ports in the fuel tank. EAA Sport Aviation
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craft & technique Pressurize the tank in the same manner as the pitot leak test, but do not exceed 100 knots. The tank should hold pressure indeﬁnitely. The manometer can just as easily test for a vacuum. Move the paper scale to the right leg of the “U” and adjust the zero adjust to the water level. Instead of blowing into the air supply, sucking will generate a small vacuum and “pull” the water column up. Connect the manometer to the static system. While watching the paper scale, suck on the air supply tube to pull the water column to approximately 35 inches. Pinch off the air supply. Once the manometer stabilizes, the water level should not change if there are no leaks. Remember, 35 inches of water (vacuum) represents approximately 2,500 feet altitude.
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