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46 Critical Speed of a Pump Every rotating device has a natural frequency at which vibrations become pronounced; the vibrations can increase until noise becomes objectionable, and there is danger in a pump that the rotating equipment will become damaged The speed at which this occurs is called the critical speed of that rotating element Some pumps will actually have more than one critical speed Fortunately, for HVAC pumps, the impeller diameters are relatively small and the rotational energy low All pump designers must take critical speed into consideration in the structural design of their pumps, but it is of little concern to the HVAC system designer in the selection of pumps The diameter or stiffness of the impeller shaft determines the critical speed of a pump Therefore, the pump designer ensures that the critical speed of the pump is out of the normal range of pump operation If a pump has a normal operating range of up to 1800 rev/min, the pump designer will ensure that the critical speed of that pump is at some speed such as 2500 rev/min Therefore, in most cases, critical speed of HVAC pumps is not part of the HVAC pump selection process 47 Minimum Speed for a Variable-Speed Pump Minimum speed for a variable-speed HVAC pump will be discussed here, where information is also included on specific and critical speeds There is no minimum speed for these HVAC pumps Misinformation about specific, critical, and minimum speeds for HVAC pumps has caused misapplication of them along with the installation of unnecessary speed controls As will be reviewed in Chap 6, variablespeed centrifugal pumps can be operated down to any speed required by the water system Since they are variable-torque machines, very little energy is required to turn them at low speeds Information on this subject is included in Chap 7 on pump drivers and drives as to the minimum speed required by motors for their cooling The HVAC water system designer really has no need to be concerned with the specific, critical, or minimum speeds of these pumps Only on extremely low speed operations where variable-speed pumps are connected in series does the designer need to verify pump motor performance with respect to heating 48 Minimum Flow for HVAC Pumps The question often arises as to the minimum flow that is required through a pump to prevent it from overheating The following equation provides this flow:.
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		An escrow service is a company that acts as a go-between, transferring funds from one person or business to another to complete payments conducted on the Internet
people who are capable of information warfare, the more information warfare becomes a threat to both military and commercial infrastructure around the world
Downloaded from Digital Engineering Library @ McGraw-Hill (wwwdigitalengineeringlibrarycom) Copyright   2006 The McGraw-Hill Companies All rights reserved Any use is subject to the Terms of Use as given at the website
(43)
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brake horsepower of the pump near the shutoff or no-flow condition allowable rise in temperature in  F of the water specific weight of the water at the inlet water temperature
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		The interest in career opportunities in information warfare and related areas such as computer crime investigation and computer security is growing, but it is growing slowly Interviews with high school students, college students, and military personnel reveal a general interest in computer careers, but candidates at this age level usually have narrowed the areas in which they plan to work According to the US Bureau of Labor Statistics (BLS), the number of computer-related positions continues to grow and will increase by 117 percent by 2008 Computer systems analysts, engineers, and scientists held about 15 million jobs in 1998, including about 114,000 who were self-employed Salaries for computer systems analysts and programmers range from the low $30,000s to a high of about $99,000, as shown in Table 10-2
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		The difficulty with this equation is getting the actual brake horsepower consumed by the pump at very low flows Some pump companies do publish pump brake horsepower curves down to zero flow Other equations that use pump efficiency have the same problem, since the efficiency of a centrifugal pump approaches zero at very low flows If this information is not available, the pump company should provide the minimum flow that will hold the temperature rise to the desired maximum The obvious advantage of the variable-speed pump over the constant-speed pump appears here because there is much less energy imparted to the water at minimum flows and speeds For most HVAC applications, there should not be temperature rises in a pump higher than 10 F Do not bypass water to a pump suction! This continues to elevate the suction temperature Bypass water should be returned to a boiler feed system or deaerator on boiler feed systems or to the cooling tower, boiler, or chiller on condenser, hot, or chilled water systems Since it is desired to maintain supply temperature in hot and chilled water mains, flow-control valves should be located at the far ends of these mains to maintain their water temperature Usually, the heat loss or heat gain for these mains requires a flow that is greater than that required to maintain temperature in the pump itself
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