Flow through Orifices

Using the conservation of energy described earlier it is possible to describe the discharge of water through the orifice. To simplify the determination of flow from individual sprinklers, the discharge coefficient is lumped with the constant and the orifice diameter as follows: 


Where Q is in gallons per minute, K is the K-factor and P i s in psi. The K-factor is determined by testing laboratories for each sprinkler model. A sprinkler is flowed at a large range of pressures from a fairly large reservoir. The discharge is measured and a value of K is determined at each pressure, the average of all the K's at different pressures is the K-factor. In the 1970's the idea of taking into account velocity pressures effect on water flow was introduced. However, the difference in predicted water flow is small when compared to the differences occurred when choosing different Hazen-Williams C-factors. Therefore, in the United States, it is still general practice to let the design engineer decide if he is going to calculate the effects of velocity pressure[8] 

Sonic flow through orifices, nozzles and venturis
Example I6 demonstrates the calculation of sonic flow through an orifice. The mechanics of sonic flow at an orifice are analysed in Analysis of sonic flow through an orifice. As for enlargements, it is more convenient to calculate sonic flow through orifices in the reverse direction.
Sonic flow through orifices
Ward-Smith [28] reviewed the results of several researchers and also conducted a series of experimants over a range of orifices. In summary, the principal parameter affecting sonic discharge coefficient is the aspect ratio of the orifice, expressed as the ratio of the plate thickness to the orifice diameter (t/d), where:
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The vena contracta is bounded by a zone of recirculating gas immediately downstream of the orifice. Once sonic velocity has been achieved, further reduction of the downstream pressure cannot further increase the velocity through the vena contracta, but if the orifice plate is thin, it can increase the vena contracta's size. This is because as shown in the above figure, the recirculating gas zone extends upstream of the vena contracta, and that zone's shape can be affected even though the flow is sonic. Further reductions in downstream pressure cause the vena contracta to move upstream and to consequently increase in area. Ultimately, at high pressure ratios, the vena contracta can reach the upstream edge of the orifice, when its area would equal that of the orifice and the discharge coefficient would be unity.
The discharge coefficient of thin orifices thus varies with pressure ratio and they only choke at the highest pressure ratios.
There is a maximum value [image: image3.png]


of the ratio of plate thickness to orifice diameter (t/d) in order for orifices to be thin enough to exhibit the above effect, and [image: image4.png]


was found to be in the range 0.3 to 1.0, depending on the sharpness of the leading edge of the orifice.
Thick orifices (t/d > [image: image5.png]


)
Very thick orifices behave like a pipe. The vena contracta is at the pipe start and has little effect. Sonic flow occurs at the end of the pipe. The frictional loss in the orifice is a significant contributor to the overall pressure loss and so the discharge coefficient is a function of the pressure ratio.
Thick orifices have a minimum value [image: image6.png]


of t/d, and [image: image7.png]


was found to be in the range 7 to 10, depending on Reynolds number and relative roughness of the orifice.
Intermediate orifices ([image: image8.png]


 < t/d < [image: image9.png]
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The sonic discharge coefficient of intermediate thickness orifices is relatively insensitive to pressure ratio. Measured values are in the range 0.81 to 0.86, with a mean value of about 0.84.
Critical flowmeters should use intermediate thickness orifices because as long as the flow is sonic, the discharge coefficient is known and is not affected by changes in up or downstream pressure.
Sonic flow through nozzles and venturis
The sonic discharge coefficient is close to 1.0 for devices in which the contraction to the vena contracta is gentle, such as nozzles and venturis. In these devices the flow remains attached, so the vena contracta occupies nearly all the flow area.
Grace and Lapple [27] measured sonic discharge coefficients for nozzles to be in the range 0.94 to 0.98. ISO 5167 [43] gives values for flow with high Reynolds Numbers through venturis of 0.980 to 0.995, depending on the roughness of the convergent section

Calibration of a Limiting Orifice

and Investigation of Factors

Affecting Flow

Introduction

Limiting orifices are commonly used to control flow rate. A common device used as a limiting orifice is a hypodermic needle. In this experiment you will calibrate a hypodermic needle with a soap bubble meter to determine:

I. At what vacuum pressure the pressure drop across the hypodermic needle causes the needle to become a limiting orifice;

II. The effect of upstream pressure on flow rate;

III. The effect of reversing the direction of flow through the needle on flow rate. The description of a soap bubble meter can be found in the Student Manual under the topic of volume meters.

Determination of Critical Vacuum

The setup is shown in Lab 2, Figure 8 (record room temperature and barometric pressure Pbarometric).

1.
Make sure the hypodermic needle is pointed toward vacuum gage #1.

2.
Leave needle valve #1 completely open (to open turn counterclockwise).

3.
Turn on the vacuum pump.

4.
Adjust needle valve #2 until there is about 5 in. of Hg vacuum registered on vacuum gage #2.

5.
Using the moving bubble meter determine and record the time required for the specified volume to flow through the bubble meter (see Part I of Data Sheet for the specified volume).

6.
Repeat at other vacuum settings (see Data Sheet, Part I for other vacuum settings).

7.
Calculate and correct the flow rate for each vacuum setting as directed below.

8.
Plot flow rate on the y axis and vacuum pressure on the x-axis. At what vacuum pressure does the flow become constant? What is this flow rate?

[image: image10.png]Orifice
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The use of the soap bubble meter for the calibration of flow rate devices requires correction for temperature, barometric pressure, and the vapor pressure of the soap bubble, which is considered to be that of the vapor pressure of water. The equation below is presented to assist the user of the soap bubble meter with these corrections.
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Where:
Qstd = flow rate corrected to standard conditions

Pbarometric  = barometric pressure, mm Hg

Pv = vapor pressure of water, mm Hg (see Lab 2, Figure 9)

T = temperature of gas, °C (room temperature)

Example: 

Assume temperature to be 20°C and barometric pressure to be 710 mm Hg.

Standard flow rate 
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Effect of Upstream Resistance

1.
Adjust needle valve #2 to maintain 25 in. Hg vacuum.

2.
Place resistance in front of the orifice by adjusting needle valve #1 until the vacuum gage #1 shows 10 in. Hg vacuum.

3.
Determine the flow rate under these conditions using the bubble flow meter.

Determine and record the time required to pass 400 mL through the bubble flow meter. Calculate the flow as in Part I and record on the data sheet, Part II.

4.
Calculate the percent change in flow rate using the following formula:

% Change =
 Flow rate at 25 in. Hg vacuum in Part 1—Flow rate in Part II


Flow rate at 25 in. Hg vacuum in Part I.

(100)

5.
The difference between this flow rate and that determined in Part I demon​strates the need to calibrate the hypodermic needle under the same condi​tions (in the system) that it is going to be used.

Effect of Reversing Needle

1.
Shut off the vacuum pump.

2.
Reverse the needle. The hypodermic needle should now point toward vacuum gage #2.

3.
Turn on the vacuum pump.

4.
Completely open needle valve #1.

5.
Obtain a vacuum of 25 in. Hg on gage #2 and determine the flow rate as in Part I.

6.
Record the information on the data sheet, Part III.

7.
Calculate the % change using the following formula:.

% Change =
 Flow rate at 25 in. Hg vacuum in Part 1—Flow rate in Part III


Flow rate at 25 in. Hg vacuum in Part I.

(100)

8. This demonstrates the error that would result if you calibrated the needle in one direction and used it in the other direction.

Lab 2 Table 1 Saturation Vapor Pressure over Water (oC, mm Hg)  1965 Handbook of Chemistry & Physics

	Temp. oC
	.00
	.02
	.04
	.06
	.08

	15
	12.788
	12.953
	13.121
	13.290
	13.461

	16
	13.634
	13.809
	13.987
	14.166
	14.347

	17
	14.530
	14.715
	14.903
	15.092
	15.284

	18
	15.477
	15.673
	15.871
	16.071
	16.272

	19
	16.477
	16.685
	16.894
	17.105
	17.319

	20
	17.535
	17.753
	17.974
	18.197
	18.422

	21
	18.650
	18.880
	19.113
	19.349
	19.587

	22
	19.827
	20.070
	20.316
	20.565
	20.815

	23
	21.068
	21.324
	21.583
	21.845
	22.110

	24
	22.377
	22.648
	22.922
	23.198
	23.476

	25
	23.756
	24.039
	24.326
	24.617
	24.912


Limiting Orifice Calibration Data Sheet

Pbarometric = ________________mm Hg


Name _________________________

T = _______________________oC


Date__________________________

Needle gage = ________________


Group #_______________________

Part I Data

	Vacuum
inches Hg
	Volume
mL
	Time,
min
	Flow rate (Qstd)
(mL/min)

	5
	200
	
	

	10
	200
	
	

	13
	400
	
	

	15
	400
	
	

	17
	400
	
	

	19
	400
	
	

	21
	400
	
	

	23
	400
	
	

	25
	400
	
	

	Maximum Vacuum
	400
	
	


Part II Data

	
	Vacuum
gage #1
	Vacuum
gage #2
	Volume

mLl
	Time min
	Flow rate (Qstd) mL/min

	Data from
Part I
	0
	25
	400
	
	

	Resistance
in system
	10
	25
	400
	
	


% Change = ______________

Part III Data

	
	Vacuum
gage 
	Volume

mLl
	Time min
	Flow rate (Qstd) mL/min

	Data from
Part I
	25
	400
	
	

	Resistance
in system
	25
	400
	
	


% Change = ______________
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