[bookmark: _Toc126935818]Impinging Jet Experiment
Student Name,[footnoteRef:1] [1:  Student, Department of Aerospace, Physics, and Space Sciences.] 

Date Performed
Date Submitted

This paper provides the results of experiments conducted for AEE 3064 Fluid Mechanics at Florida Institute of Technology on XX January 20XX… 
Finish up this abstract in no more than 150 words by answering the two questions:
1) what are the experimental objectives? [hints: the two hypotheses regarding the impinging jet force/coefficient for different geometric profiles of the impact surfaces, and what did we measure in order to verify the hypotheses?]
[bookmark: _Hlk135698965]2) what are the results? [hints: a) comment on the comparison of the  in the slopes obtained from the figures (Fexp vs. Q^2) for the four surface profiles and justify the results by saying fully success, e.g., all  or partially success (briefly comment on uncertainty sources, i.e., assumptions, instruments, procedures, …etc. that overestimate/underestimate the true value), b) comment on the comparison of the four Y-intercept values (Fexp vs. Q^2) to zero for each profile and the comparison of the values among the 4 profiles, and c) comment on the Cf_th/exp trends (Cf vs. Re_D) for the four surface profiles.]
_/4 Abstract:
___/2 Statement of Problem
___/2 Major Results and Conclusions
























[bookmark: _Hlk126915902]Table 1. Major results – 1st hypothesis verification
	Vane surface profile
	 (unit)
	 (unit)
	
	 (unit)

	Flat plate
	
	
	
	

	Cone
	
	
	
	

	Hemisphere
	
	
	
	

	Oblique
	
	
	
	



Table 2. Major results – 2nd hypothesis verification
	Vane surface profile
	 
	 
	
	

	[bookmark: _Hlk126847460]

Flat plate
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Hemisphere
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

Oblique
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Table 3. Uncertainty sample calculation for a vane surface profile
	 (dm3)
	 (s)
	 (N)
	 (dm3/s)
	 (m/s)
	 
	 

	0.25
	0.005
	0.2
	
	
	
	



[bookmark: _Toc126935819]Nomenclature
		=	Measured volume (measured in liters, or dm3) of water, 5.0 dm3
t		=	Measured time to collect the water volume in the hydraulic bench, s
		=	Calculated volumetric flow rate by the ratio of volume to time, m3/s
A		= 	Jet nozzle area, m2
		=	nozzle diameter, 10 mm
		=	Average jet velocity, m/s
𝑅𝑒		=	Reynolds number
		=	Impinging jet force coefficient/dimensionless jet force
		=	Forces, N
 		=	Slopes of the linear-fitting figures associated with this experiment, unit 
		=	Y-intercepts of the linear-fitting figures associated with this experiment, unit
		=	Angle between the jet flow velocity vector and the normal surface vector
      		=	Angle between the jet flow velocity vector and the unit vector along the jet/vertical axis
		=	Angle between the normal surface vector and the unit vector along the jet/vertical axis
		=	Angle introduced in the oblique surface vane theoretical jet force derivation, 45
		=	Constant number in the theoretical jet force formula corresponding to a vane surface profile
		=	Statistic pressure, Pa
𝜌		=	Density of water, 998 kg/m3
		=	Kinematic viscosity of water at 25 , 8.917e-7 m2/s
		=	Gravity, 9.81 m/s2
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I. [bookmark: _Toc126935821]Introduction
a). Topic sentences 1~2: briefly summarize how the theoretical jet force equations for different vane surface profiles are derived (using what analysis?); 
b). Topic sentences ~1: comment on the first hypothesis: relation of  and  (Hints, for a given surface profile,  formula is derived based on the modeling assumptions, i.e., after you plug in the numbers, this guy may not exactly equal to the force  we applied on the vane during the experiment);
c). Topic sentences 3~4: comment on the second hypothesis: relation of  and  (Hints: in this lab, jet Reynolds # is associated with . Take a glance at the  and  formulas when answer this part); briefly describe what would you expect the correlation of the force coefficient vs. the jet/nozzle Reynolds number given a vane surface profile, theoretically? What would you observe from the experimental data regarding that?
d). Topic sentences ~1: what plots (what verses what) do we need to verify the two hypotheses? What data processing technique (linear or nonlinear curve-fitting?) do we need to apply for the first hypothesis validation?
e). Topic sentences ~2: why does the slope/Y-intercept matter in such validation (Hints: the criteria for the first hypothesis validation)? briefly describe how to theoretically determine the slope for a given vane (Hints, what are the parameters in the  formula and how to get them, e.g., use hydrometer/SG measurement for the density of the working fluid & caliper for the diameter/the nozzle outlet area acquisition)? 
f). Topic sentences ~1: briefly describe how to experimentally determine the slope using what measurements? (Hints: volumetric flow rates and weights, i.e., )
_/10 Introduction:
___/5 Objectives of the Experiment (Hypotheses/Analytical Analysis/Experimental Approaches Clearly Stated)
___/5 Measurements Stated

II. [bookmark: _Toc126935822]Theory
General guidelines: 
Provide enough information on so the reader is prepared for comparisons in the Results section. In your own words, define all important terms and each equation used along with any appropriate background or interesting phenomenon. Remember to include References. No more than 4 pages. You will need to renumber all tables and figures in the rest of the report based on what you include in this theory section. Make sure to include all the appropriate equations and sample calculations as well. Sub sections are encouraged for clarity. Use Equation Editor, no pictures and not plain text. Ensure all the figures and tables are numbered properly. For figures Caption goes below, for table caption goes above. This can be done automatically in word using the ‘References’ tab  insert caption.
[bookmark: _Hlk125301570]For this lab report:
a). Topic sentences ~6: what assumptions required for the analytical analysis? (e.g., what does ‘incompressible’ mean in the analysis? How about ‘inviscid’ (which term is gone? Answer the same question through listing the rest of assumptions)? e.g., ‘steady-state’, ‘ambient pressure everywhere’, also, ‘same inlet/outlet jet speed’, ‘no body force’, ‘flow properties distributed uniformly across the boundaries’, etc. What do they mean in the surface integrals evaluation);
b). Use your own narrative to link up the below equations in a logical sense: briefly describe the given equations, identify the steps of such mentioned assumptions’ implementation throughout the analysis, and make the required/necessary comments accordingly;

_/22 Theory:
___/10 Part a) Fully Accomplished
___/12 Part b) Fully Accomplished









 
















Figure 1 The control volume drawn on a water jet and vane with conical surface profile. 

Conservation of mass in the ‘Euler view’ (i.e., control volume analysis), (What is one of the major applicational differences between this view and the ‘Lagrange view’?)

Each term represents what? What assumption is applied to get the following step?

Since the nozzle area, , and the average jet velocity, , (What assumptions had been applied to get the following step?)

Conservation of linear(translational) momentum, or the Newton’s 2nd law in the ‘Euler view’,

Each term represents what? What assumptions are applied to get the following step?

* During the lab session, I’ve shown you the ‘vanish’ of the pressure integral based on the assumption – the static pressure inside the tank is same as the ambient one everywhere along the control surface. In reality, it would not be the case; the influence of the slight difference between the two on the impinging jet force is negligible in this experiment, but it might not be negligible if the objective of study had been changed.
[bookmark: _Hlk146482686]
When the equilibrium gauge’s arrow exactly points at the equilibrium line after the weights were added (its magnitude is , i.e., the experimental jet force) and the flow rate was adjusted,

Return back to the control volume analysis. By Newton’s 3rd law,

Let’s define the magnitude of the force  (or ) to be the theoretical jet force . Examine the above momentum equation along the vertical axis (the y+ axis shown in figure 1), i.e., the y-momentum equation,



Substitute the mass equation into the above equation, which yields,

Multiply both sides by -1 and rearrange, which gives,

Since the average jet velocity, , the equation can be further rewritten as,

where the constant parameter  only depends on the vane surface profile geometry. From figure 2 and the definition of , namely, the angle between the outlet jet flow velocity vector and the unit vector along the jet/vertical axis (the y+ axis),

With the aid of figure 2 (i.e., the figure 6 in figure 2) and , a water jet with the inlet speed  impacts on an oblique vane surface is equivalent to, first of all, a water jet carrying a same amount of mass flow rate but with the inlet speed,  or , vertically impacts on a “flat plate surface” (i.e., only a portion of y-momentum contributes to the generation of , and the other portion that parallels to the “flat plate surface” is wasted) in which the flat plate vane solution can be utilized,

then, secondly, keep in mind that the  is not the one that is balanced by the adding weights – instead, it needs to be projected along the y+ axis or taking its vertical component,

where the constant parameter,


[image: ]
Figure 2 Schematic of jet flow impacting on different vane surface profiles [1].

To sum up, 


[bookmark: _Hlk126889153]Using the same nozzle/jet fluid, for a given , ; in other words, for a given adding weights, , theoretically, , hence,


Comment on the above relationships using the evidences presented in Table 4 (Hints: think of that, if the vane just changes/bends the jet to a different direction relative to the inlet, i.e.,  without changing its speed, what is the  to give the maximum/minimum impact force on the vane due to the conservation of momentum?).
By hypothesis,

Let’s consider the ideal case and the actual case,

If the hypothesis was true,

For a given surface geometry,  is known and fixed,  is determined via your data, and  results from the real-world effects, so the above criteria, i.e.,  and  can be checked, and the conclusion on the 1st hypothesis can be drawn.


Furthermore, it is interesting to examine the relation of the dimensionless jet force (coefficient) and the jet nozzle Reynolds number. By definition,


By hypothesis,

It means the force coefficient only depends on the surface profile geometry, i.e., it is irrelevant to the jet nozzle Reynolds number. However, , and since the jet nozzle Reynolds number is computed as following,

and it is also a function of the volumetric flow rate. Therefore, there should be a correlation of  and  (i.e., polynomial curve fit on your data, , where  is the power indices,  is the order of your polynomial curve fit, and  is the polynomial coefficients). In the ‘Results’ (‘R&D’) section, you need to show this correlation, i.e., the polynomials for all four vanes. All necessary parameters’ values are provided in the nomenclature of the report for you to conduct relevant calculations.

III. [bookmark: _Toc126935823]Facility and Apparatus
General guidelines:
[bookmark: _Hlk125303309]Provide descriptions of what apparatus you used and their accuracy minimum 3 sentences. Insert pictures, captions and labels appropriately. Ensure all the figures and tables are numbered properly. For figures Caption goes below, for table caption goes above. This can be done automatically in word using the ‘References’ tab  insert caption.
For this lab report:
a). Labeled all the important items shown in Figure 3 properly (Hints: weight pan, equilibrium gauge, vane, nozzle/jet, tank, and tank outlet);
b). Labeled all the important items shown in Figure 4 properly (Hints: oblique surface vane, flat plate surface vane, cone surface vane, hemispherical surface vane, and just label one of the weights as ‘weights’);
c). Use one sentence to briefly state: how do we collect the volumetric flow rate data (Hints, workbench, the sink, the volume gauge/jar);

_/4 Facility and Apparatus:
___/4 Description of Experimental Setup (All Items Labeled Correctly)


[image: ]
Figure 3 The impinging jet apparatus [1].
[image: ]
Figure 4 The examined vanes with four different surface profiles [1].

IV. [bookmark: _Toc126935824]Procedure
General guidelines:
Describe the procedure in chronological order, make sure you insert all the vital steps. A list is recommended to be used here instead of a paragraph

[bookmark: _Hlk125308969]For this lab report:
Use your own words/experiences to replicate the procedures based on the following reference,
Ref:
1). Zero the balance rod with test vane attached.
2). Choose a starting weight and place it on the balance rod.
3). Start the hydraulic bench at a low flow rate and slowly increase until apparatus returns to zeroed position.
4). Measure and record flow rate along with applied mass.
5). Repeat steps two to four at least 5 times, increasing the mass each time.
Insert pictures, captions and labels appropriately. Ensure all the figures and tables are numbered properly. For figures Caption goes below, for table caption goes above. This can be done automatically in word using the ‘References’ tab  insert caption.
/5 Procedure:
___/4 All Vital Steps Listed
___/1 Proper Chronological Order

V. [bookmark: _Toc126935825]Results
General guidelines: 
Explain what each table/ figure shows as it appears in the report. Explain any oddities (compared to theoretical predictions) or limitations in the data. Tell the reader what conclusions can be drawn from each figure or result (answer “so what?” ,“who cares?”. “Does it make sense?”). Also state if your results match your hypothesis. After a series of figures/results have been introduced and explained, discuss how they are linked and draw additional conclusions based on a holistic view. Use transition sentences when switching to the next series of figures or discussion. 






For this lab report:
_/35 Results:
___/5 Fully Update the Table 4 Using Your Data & Complete the Table 5, i.e., Accomplish the Tasks Listed in a)
___/5 Fully Complete the Table 6, i.e., Accomplish the Tasks Listed in a)
___/16 Fully Complete the Figures, i.e., Accomplish the Tasks Listed in b) and d)
[bookmark: _Hlk125307884]___/4 Well Address the Questions, i.e., the c) Items
___/5 Well Address the Questions Associated with the Comparison of Theory/Experiment, i.e., the e) Items

Table 4. Measurements
	Team callsign
	 (s)
	 (N)
	Team callsign
	 (s)
	 (N)

	Alpha
	32.61
	0.4
	Beta
	47.41
	0.4

	Vane surface profile
	31.82
	0.8
	Vane surface profile
	40.81
	0.8

	Oblique
	30.39
	1.2
	Cone
	35.10
	1.2

	 (dm3)
	25.43
	1.6
	 (dm3)
	33.68
	1.6

	5.0
	24.53
	2.0
	5.0
	31.96
	2.0

	Team callsign
	 (s)
	 (N)
	Team callsign
	 (s)
	 (N)

	Delta
	51.01
	0.4
	Team Leads
	51.81
	0.4

	Vane surface profile
	34.15
	0.8
	Vane surface profile
	40.81
	0.8

	Flat plate
	31.24
	1.2
	Hemisphere
	35.10
	1.2

	 (dm3)
	28.92
	1.6
	 (dm3)
	33.68
	1.6

	5.0
	28.62
	2.0
	5.0
	31.96
	2.0


* Sanity check: average time of hemisphere/cone/flat plate/oblique plate vane measurement = 38.67/37.79/34.79/28.96 sec, which matches our theoretical prediction – .
Please update Table 4 using your raw data and update the * Sanity check sentence!



a). fill out the Table 5 with your results based on the info given in Table 4 and nomenclature/ theory section;
b). plot 4 figures for 4 surface profiles; in each figure, 5 data of  and corresponding  with a trendline and the trendline equation. Also, 4  and 4  give 4 ∆% and 4 ;
* what are the units for the slope and the Y-intercept? Fill out the Table with proper units and decimal places;
* x/y axis label with unit, proper number of digits of x/y ticks display, and state your plot title in the figure caption;
* use all proper plotting techniques. You will be graded on that.









Table 5. 1st hypothesis verification
	Vane surface profile
	 (unit)
	 (unit)
	
	 (unit)

	Flat plate
	
	
	
	

	Cone
	
	
	
	

	Hemisphere
	
	
	
	

	Oblique
	
	
	
	



c). Topic sentences ~4: comments on Table 5, based on the experimental increment of the jet force (a small value in Newton) and our current experimental conditions (the facility), would you think the proof criteria is ‘loose’ or ‘tight’/strict and why? Check the hypothesis against your results and provide reasonings – any reasonable answers will be in grading flavor;






Table 6. 2nd hypothesis verification
	Vane surface profile
	 
	 
	
	

	

Flat plate
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

Cone
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

Hemisphere
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

Oblique
	


	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



d). examine the jet Reynolds numbers and the theoretical/experimental dimensionless jet force (i.e., the coefficient) for all vanes; plot 4 figures for 4 surface profiles; in each figure, i.e.,  vs. , 5 data of  and the corresponding ; two curves (legends): one for  and the other for , and 1 equation of the curve fit on the data of  (try “polynomial curve fit” on the data and show the polynomial);
* Fill out the Table 6 with proper significant figures/decimal places (e.g.,  then write down 2.0 in the cell of the table);
* x/y axis label with unit, proper number of digits of x/y ticks display, and state your plot title in the figure caption;
* use all proper plotting techniques. You will be graded on that.
e). Topic sentences ~5: comments on Table 6 and summarize the comparison of all figures (tendency of curves and magnitude of  in comparison with different surface profiles), check the hypothesis and provide reasonings – any reasonable answers will be in grading flavor;







VI. [bookmark: _Toc126935826]Statement of Uncertainty


1. , given a measured value of  and 

2. 

3. , given a value (kinematic viscosity value is given in the nomenclature section) of , , and ,

4. , given a value (density value is given in the nomenclature section) of , ,  and ,


Table 7. Measurement Uncertainty
	[bookmark: _Hlk126920547] (dm3)
	 (s)
	 (N)
	 (dm3/s)
	 (m/s)
	 
	 

	0.25
	0.005
	0.2
	
	
	
	




For this lab report:
*Notice: if you submit an image in this section will automatically get half points deducted; since the equations are provided, you just need to plug in the numbers to show a sample calculation without too much ‘typing’. Thanks for your cooperation and understanding of the Turnitin policy*

a). Provide a sample calculation using the RMS to fill out the Table 7;
b). State at least two major uncertainty sources, i.e., time measurement, what type of error associated with it? What technique we can apply to reduce it? What else of the sources? Type (any systematic intrinsic type)? Can/can’t be eliminated? Why? … etc 
_/10 Statement of Uncertainty:
___/5 Qualitative Statement of Uncertainty with Sources, i.e., Well Address the Questions Associate with b)
___/5 Calculus-Based Error Propagation, i.e., Well Address the Questions Associated with a)

VII. [bookmark: _Toc126935827]Conclusion
The conclusion should summarize overall trends and general observations. It should be based on results mentioned in the previous section … there should never be new results or information introduced in the conclusion. Suggest recommendations for future research or improvements
/10 Conclusion:
___/8 Major Results Restated and Physically Meaningful Conclusions Drawn
___/2 Recommendations for Future Research or Improvements

[bookmark: _Toc126935828]References
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Citation Rule
Please keep in mind that in your lab report reference, you are not allowed to cite any sources from Wikipedia. I prefer you to try your best to cite from peer-reviewed contents, e.g., journal papers, textbooks, public databases, etc. You are free to select a citation style for your reports, or you may use the following AIAA citation style guidelines to conduct your citation. If the situation was not mentioned here, you may utilize the citation machine (https://www.citationmachine.net/) by: click ‘create citations’, then ‘choose your source’ (‘more’ options),  type the info of your source into the given table, then click ‘complete citation’, then click ‘copy citation’ from the generated references list and paste on your lab report reference section.

AIAA citation style guidelines
* Cited from AIAA website,
https://www.aiaa.org/publications/journals/reference-style-and-format 

Text Citations
References must be limited to readily accessible published material, i.e., those available from libraries, databases, and other public sources. All references must be numbered and cited in numerical order in the text. The list should be a complete and comprehensive representation of available literature, reflecting the state of the art as it pertains to the scope of the paper. Authors must reference the original source of a work, not a secondary source. Classified or export-restricted references, private communications, personal websites, and websites where there is no commitment to archiving may be mentioned parenthetically in the text or in a footnote but should not be cited in the reference list. A reference that is not reliably available is of no use to readers.

· Each numbered reference citation in the text is enclosed in brackets as in the following examples:

It is shown by Smith [4] that …
The effect of … should be taken into account [5].
For example, see Refs. [6, 7].
Further documentation can be found in [8-10].

· On the rare occasion when a specific page number or page range needs to accompany a citation within the text, include it within the brackets in the following manner:

This procedure was proposed by Gelb [11, p. 250]
The solution can be found in Rogers [12, pp.14-18].

· When multiple author names are cited in the text, list up to two authors, as in “Walsh and Jones,” but use “et al.” with three or more authors, as in “Walsh et al.”

List of References
To avoid production delays, all references must be complete prior to acceptance of a manuscript. The following list gives examples of commonly lacking information: 
· All authors to a reference (do not use “et al.” in the reference list)
· Full journal or book titles and publisher names (no abbreviations)
· Inclusive page numbers for journal articles and page or chapter numbers for books, when appropriate 
· Journal volume and issue numbers (or months)
· Locations of report sponsors (e.g., companies and universities)
· Complete publishing information for proceedings (i.e., the same as for other books)
A URL that includes the DOI (Digital Object Identifier) should be incorporated into every reference for which it is available. A DOI is an identifier of intellectual property entities on digital networks. DOIs provide a system for persistent identification and interoperable exchange of managed information, and they are commonly assigned to journal articles, eBooks, research reports, and data sets. A DOI forms a permanent URL that begins https://doi.org/ and is the preferred link; see examples below for how to include a URL in a reference. For more information on DOIs and their value, visit www.doi.org or www.crossref.org. 
For all references: Spell out everything except AIAA, NASA, NACA, AGARD, and NATO; months may be abbreviated.
Follow these examples for format; double-space the reference list in your manuscript: 
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[Note that in the URL the doi.org prefix precedes the DOI generated by Crossref, with the publisher/content identifiers represented by the x’s.]
or (if published only electronically and not yet available in a particular journal issue):
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