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ABSTRACT: In this paper, firstly, the aerated pipe flow experiment is introduced. And some experimental research on comparison between different volumes of air entrained is presented. Secondly, the technical characteristics of gravity pipe flow under the action of Torricelli's vacuum, shortly called as GPFUTV are dissertated, including creative and functional design, fundamental principle and the strange energy loss phenomena, etc. The detailed information on energy loss of water flow under GPFUTV condition please finds the attached YongAn Water Plant Test Report (August 1997) and ShiLong District Reservoir Diversion Project Test Report (April 2007). Thirdly, an appeal in relation to the experimental research, the applied studies and basic theory research is given. For instance, Reynolds’ experiment and Nikuradze experiments under GPFUTV condition, the use of GPFUTV instead of lifting pump in deep ocean water projects especially in deep ocean mining, flow stability and flow resistance under GPFUTV condition, etc. At last, the application of GPFUTV in reservoir release control is illustrated. This GPFUTV project had been awarded a Guinness world record in 2005, as the largest siphon has an internal diameter of 1.52m.
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1.  INTRODUCTION
For many fluids, most notably water, viscosity is a proportionality factor relating the velocity gradient to the shear stress, as described by Newton's law of viscosity [1]. Fluid Dynamics had affirmed that all liquids are viscous, and friction losses are head loss due to the friction that the wall of the pipe imposes on a liquid. Friction losses are dependent on the viscosity of the fluid and the turbulence of the flow.

There are two normal methods of water supply known as gravity pipe flow & pressurized pipe flow in the world. Under the condition of these two kinds of water supply the water flow is mixed with air in the beginning of inflow. The head loss is due to friction in the pipe and is high. As a result, the pressure head in some high rise buildings or in areas far away from the water source is normally quite low. Water supply to these buildings or areas will be interrupted during periods of peak demand. 

2. A BRIEF INTRODUCTION OF THE AERATED PIPE FLOW EXPERIMENT
Based upon the research of head loss which often occurs in water supply project a special design of aerated pipe flow experiment had been carried out to demonstrate some strange phenomena. The schematic of this experiment is shown in fig.1. 
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Fig1  Schematic of the aerated pipe flow experiment



 
The experiment equipments mainly consists of a water tank, a 17 meters long 50 millimeters diameter steel pipe with two outlet valve B and valve C. Though the experiment looks rather simple, it may not fully represent the actual water supply project but the principle is the same.
2.1 The strange flow resistance

Fill the tank with water. The height of liquid level is 3.2 meters. Then open valve B and close valve C, at this point there is only air from valve A to valve B. The result is surprising and unexpected: no water flows out at the outlet valve B. It seems that at a certain position the flow was obstructed within the pipe, until connecting the pipe with the high water tower. (>10metres in height) Under the high head of the water tower the air within the pipe is expelled and the water begins to flow out at valve B. Finally the full bore flow is established.

2.2 Manual control of air entrainment interrupts the flow

Keep the liquid level (3.20m) of the water tank constant, open the valve B or C, then open valve A. Take down the manometer 1, 2, & 3 one by one in-order that it becomes a vent-pipe directly connected with the atmosphere. Close down the vent-pipe 1, 2, & 3 after the full bore flow is established.

Close valve B & C then close valve A, open vent-pipe 1 then vent-pipe 3. At this time the water will flow out of vent-pipe 3. Meanwhile, the water flown-out should be collected with a measuring cup so as to obtain the required volume of water. Finally close vent-pipe 3 then close vent-pipe 1. The manual control of air entrainment is now accomplished. Open valve A then open valve B or valve C again, under experimental condition when the volume of air entrained exceeds a certain critical volume, the pipe flow will still be interrupted. 

If ignoring the volume of air due to self-aerated gravity pipe flow, let us suppose that the air inhaling vent-pipe 1 is approximatively equal to the water flowing out of vent-pipe 3 in volume. The relationship between the volume of air entrained and the flux of outlet valve B or valve C is shown in fig.2.
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2.3 Discussion
The experiment was conducted by Quanzhou complete set equipment for siphon flow in transporting water Co., Ltd, from April to May 1997 in Hydraulics Laboratory of Department of Hydraulic Engineering, Tsinghua University. This experiment clearly demonstrates that the air within the pipe is not to be ignored. The writer hopes to let the readers know that the flow resistance of the aerated pipe flow is an important problem worthy of attention. It should be pointed out that the flow resistance as occurred in this experiment needs further study and research to find out more accurate principle. 

3.  A BRIEF INTRODUCTION OF GPFUTV
According to the principle of Torricelli's experiment which measures atmospheric pressure, a new method of water transportation had already been applied in several water supply projects. In honor and memory of Evangelista Torricelli, the invented method of water transportation is named gravity pipe flow under the action of Torricelli's vacuum, shortly called as GPFUTV. 

3.1 The technical characteristics of GPFUTV 

A complete set up of GPFUTV mainly consists of submergible non-return device, gas-liquid exchange tank, cross-over pipe and outlet valve. The equipment installing sketch map of GPFUTV is shown in fig.3. 
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In this figure, 1 submergible non-return device, 2 soil-cement piles, 3 upper valve, 4 lower valve, 5 gas-liquid exchange tank, 6 cross-over pipe, 7 outlet valve, 8 liquid level, 9 exhaust pipe. The construction of submergible non-return device differs from any pump. It composes of a considerable volume of working cells with special structure. The innovative design is that total flow area of working cells is equal to inlet area of submergible non-return device, and is also equal to cross sectional area of cross-over pipe. The structure sketch map of submergible non-return device is shown in fig.4.
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Figd. The structure sketch map of submergible non





These working cells are arranged orderly and perform an important function just like a well-designed rectifier from which water flow is equally divided up into hundreds of pipe flow which is bunchy, irrotational and at a uniform rate. The sectional drawing of working cells is shown in fig.5.
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Under the condition of that between the level of water source and the outlet valve there is a certain water head, all need is to fill up with water between submergible non-return device and the outlet valve to create a sustained Torricelli's vacuum when using. As a result of Torricelli's vacuum which can be obtained through some kind of gas-liquid exchange and separation, GPFUTV is able to prevent plentiful air from being sucked into pipe network and prevent the formation of vortices, it is generally agreed that air entrainment is unavoidable. No external motive power is required to keep the water flowing in the cross-over pipe provided that no part of the pipe is eight meters (at least) higher than the liquid level of the water source, and the caliber matching without limit in theory. Especially, GPFUTV has latent inestimable action for the energy conversion of atmospheric pressure which added to free-surface liquid.
3.2 Energy loss under the condition of GPFUTV

With the object to find out the difference of energy (head) loss with distinct ways of water inflow, comparing GPFUTV with gravity pipe flow, the tests were made for several times under the same water supply condition including the head, pipe diameter, etc. The contrast diagram between gravity pipe flow and GPFUTV is shown in fig.6.
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The contrast diagram between gravity pipe flow and GPFUTV.




Several hours after gravity pipe flow is changed into GPFUTV with all the vent valves closed, the capability of water supply has been greatly raised up. Those areas or buildings which require booster pump to obtain the water supply, such as areas far away from the source or high rise buildings, may now be supplied with water all day long. Meanwhile a quantity of bottom mud precipitated is expelled out of sludge valves which are located on the lowest level. For details please find the attached YongAn Water Plant Test Report [2]（August 1997）and ShiLong District Reservoir Diversion Project Test Report [3] (April 2007). The problem is very obvious before the readers: Why did the energy (or head) loss change a great deal under the condition of GPFUTV? Does the flow resistance obey the fundamental theory which described viscous fluid movement in a gravity pipe? From careful observation on GPFUTV applied in several water supply projects, under the condition of GPFUTV the water flow in the tube (>100 millimeters in diameter of outlet tube) is full-pipe and continuous, colorless and almost no air entrainment, high-speed and irrotational as distinguished from laminar flow [4]. The flow characteristics under GPFUTV condition, whether flow rate, flow regime, pressure loss or energy loss, it can not be explained convincingly by the fundamental theory of fluid dynamics, such as the theory that describes boundary layer [5] effects. 
4.  AN APPEAL 
Now world, science and technology are just from times of the conventional science and technology to exceed conventional times of science and technology.  
As the independent investigator the writer think that the breakthrough of GPFUTV will help create innovative solutions to water related problems such as water supply, long distance water transfer, hydropower, reservoir silt removal, flood control, circulating water systems, comprehensive development and utilization of deep ocean water, etc. Therefore the writer have a duty to appeal to the world to bring out the secrets of GPFUTV to improve the condition of existence and development of human beings. 

The writer sincerely hopes that scientists and engineers around the world should strengthen cooperation, especially in the experimental research, the applied studies and basic theory research. For instance, Reynolds’ experiment and Nikuradze experiments under GPFUTV condition, the use of GPFUTV instead of lifting pump in deep ocean water projects especially in deep ocean mining, flow stability and flow resistance under GPFUTV condition, etc. 
Finally, the writer would like to introduce the GPFUTV flood control project which has been awarded a Guinness world record as the largest siphon has an internal diameter of 1.52m, and is located in Zhejiang Province. The writer believe that there is the potential for GPFUTV to be developed for flood control application. Relevant information is shown in fig.7.
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