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Project Review
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❏ Objective: Research basic parameters of water 

evaporation and implement an experimental apparatus 

to mimic SRP’s goal of installing solar panels over 

canals

❏ Sponsored by Dr. Tom Acker, Sr. Principal Engineer, 

Innovation and Development at Salt River Project.

❏ Growing interest in renewable energy sources that 

utilize pre-existing space and provide co-benefits 

❏ Our data will be provided to ASU research team to 

assist them in their analysis 

Picture Credit: Tectonicus

Lilliana HB, 3/31/2025, SRP EVAP



Design Requirements: Updated QFD

Garet Bowles, 3/31/2025, SRP EVAP



Design Description 
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q A Solidworks model of the controlled 

climate apparatus.  

q Uses two controllers (humidity and 

temp)

q Fan with variable speed

q 10-gallon tank with removable roof

q Completely enclosed



Design Description 

Brendan Steele, 3/31/2025, SRP EVAP

q The 3 major sub-assemblies that are required to 

properly isolate out controlled environment. 

o Heat (solar infrared radiation)

▪ The heat in the apparatus will be controlled 

with a small space heater in a sealed tent.

o Humidity (percentage of water molecules in 

air)

▪ The humidity will be controlled with an infinity 

cloud forged T3 humidity controller in a 

sealed tent.

o Wind Speed 

▪ The Wind aspect will be tested by a 3-speed 

variable fan forcing wind over the surface of 

the water.

Figure 1: Heater

Figure 3: Fan

Figure 2: Humidifier



Previous Calculations
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Equations Purpose

ሶ𝑁𝐴 = ℎ𝑚(𝐶𝐴,𝑠 − 𝐶𝐴,∞)
This is the convective mass flux equation, used to estimate the 
mass transfer rate of water vapor from the canal surface to the 
surrounding air.

𝑆ℎ =
ℎ𝑚𝐿

𝐷𝐴𝐵

This dimensionless equation connects the mass transfer 
coefficient to the geometry (L) and diffusivity (𝐷𝐴𝐵). It allowed 
us to solve for ℎ𝑚 and is similar to Nusselt number in heat 
transfer.

𝑠ℎ = 0.664𝑅𝑒𝐿
1/2

𝑆𝑐1/3
Used when airflow contributes to evaporation, this correlation 
allowed us to determine the Sherwood number under forced 
convection. It uses Reynolds number which characterizes flow, 
and Schmidt number, which relates viscosity and diffusivity.

𝑅𝑒𝐿 =
𝑉𝐿

𝑣

This equation determine whether the flow is laminar or 
turbulent. It was key in deciding whether to apply natural or 
forced convection relations, as different flow regimes result in 
different heat and mass transfer characteristics. 



Previous Calculations
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Equations Purpose

𝑆𝑐 =
𝑣

𝐷𝐴𝐵

This dimensionless number compares momentum diffusivity 
and mass diffusivity and was used in Sherwood number 
correlations.

𝑢∗
𝜕𝑇∗

𝜕𝑥∗
+ 𝑣∗

𝜕𝑇∗

𝜕𝑦∗
=

1

𝑅𝑒𝐿𝑃𝑟

𝜕2𝑇∗

𝜕𝑦∗2

This energy equation represents energy conservation in 
boundary layer flow, accounting for convective and conductive 
heat transfer.

𝑃𝑟 =
𝑣

𝛼

The Prandtl number characterizes the relative thickness of the 
velocity and thermal boundary layers and is necessary to apply 
the thermal boundary layer equations. However, we can get 
this value from Table A-15.

𝑁𝑢 =
തℎ𝐿

𝑘
= 0.664𝑅𝑒1/2𝑃𝑟1/3

This equation is used in heat transfer to relate the average 
convective heat transfer coefficient to the system’s thermal 
and flow characteristics.



Previous Calculations
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Equations Purpose

തℎ =
𝑁𝑢𝑘

𝐿

This equations calculates the average convective heat transfer 
coefficient over a surface, using the average Nusselt number, 
the thermal conductivity of the fluid, and a characteristic 
length.

𝐿𝑒 =
𝛼

𝐷𝐴𝐵

This is the Lewis number, a dimensionless number that 
characterizes the relationship between thermal diffusivity and 
mass diffusivity.

ℎ

ℎ𝑚
=

𝑘

𝐷𝐴𝐵𝐿𝑒𝑛
→ ℎ𝑚 =

തℎ𝐷𝐴𝐵𝐿𝑒
1/3

𝑘

This equations allows conversion between heat and mass 
transfer coefficients using the Lewis number Le and is essential 
for connecting theoretical models across different physical 
mechanisms. This equation enables the calculation of the mass 
transfer coefficient ℎ𝑚 using the average heat transfer 
coefficient തℎ, the Lewis number, and know fluid properties.



General Project Assumptions
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These are the base parameters that we will be designing our experiment around:

(In Summer) (U.S. Customary Units)

q Temperature of Air: 85°F, 100°F, 115°F

q Temperature of Water(Body): 60°F, 75°F, 90°F

q Temperature of water(surface):63°F, 78°F, 93°F

q Relative Humidity: 10%, 20%, 30%

q Wind Speeds: 5.8mph, 14mph, 22.4mph

q Top Width: 80ft,  Bottom Width: 24ft

q Water Level: 16.5ft, Height of canal: 20ft

q Height of Roof from Top of canal: 3ft, 10ft, 15ft

q Still Water, No Clouds

q Solar noon 

q Tolerance for maintaining parameters during experimentation: ±5°F, ±5%, ±2mph 
Samantha Synk, 3/31/2025, SRP EVAP

Picture credit: [5]



Calculations 
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Diffusive molar flux of water vapor:

𝐽𝐴
∗ = −𝐷𝐴𝐵

𝑑𝐶𝐴
𝑑𝑥

=
−𝐷𝐴𝐵 𝐶𝐴,∞ − 𝐶𝐴,𝑠

𝐿
=

𝑘𝑚𝑜𝑙

𝑠 ∗ 𝑚2

𝑇𝑠 = 26℃ = 75℉ 𝐿1 = 3𝑓𝑡 = 0.914𝑚
𝑇∞ = 38℃ = 100℉ 𝐿2 = 10𝑓𝑡 = 3.048𝑚
𝑇 = 32℃ 𝐿3 = 15𝑓𝑡 = 4.572𝑚
∅ = 20%

𝐷𝐴𝐵 = 2.62 ∗ 10−5
𝑚2

𝑠
(𝑖𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑎𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 14 − 4)

𝐶𝐴,∞ =
𝜌𝑎𝑖𝑟 ∗ 𝜔∞
ℳ𝑤𝑎𝑡𝑒𝑟

=
1.1342 ∗ 0.008

18.02
= 0.000504

𝑘𝑚𝑜𝑙

𝑚3

𝜌𝑎𝑖𝑟@𝑇∞ = 1.1342
𝑘𝑔

𝑚3 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 𝐴 − 15

𝜔∞ = 0.008 𝑓𝑟𝑜𝑚 𝑃𝑠𝑦𝑐ℎ𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑐ℎ𝑎𝑟𝑡

ℳ𝐻2𝑂 = 18.02
𝑘𝑔

𝑘𝑚𝑜𝑙
(𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 𝐴. 4)

𝐶𝐴,𝑠 =
𝜌𝑎𝑖𝑟 ∗ 𝜔𝑠
ℳ𝑤𝑎𝑡𝑒𝑟

=
1.180 ∗ 0.004

18.02
= 0.000262

𝐾𝑚𝑜𝑙

𝑚3

𝜌𝑎𝑖𝑟@𝑇𝑠 = 1.180
𝑘𝑔

𝑚3 𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 𝐴 − 15

𝜔𝑠 = 0.004 𝑓𝑟𝑜𝑚 𝑃𝑠𝑦𝑐ℎ𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑐ℎ𝑎𝑟𝑡

ℳ𝐻2𝑂 = 18.02
𝑘𝑔

𝐾𝑚𝑜𝑙
(𝑓𝑟𝑜𝑚 𝑇𝑎𝑏𝑙𝑒 𝐴. 4)



Calculations 
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When Cover is 3ft High:

𝐽𝐴1
∗ = − 2.62 ∗ 10−5

𝑚2

𝑠

0.000504
𝑘𝑚𝑜𝑙
𝑚3 − 0.000262

𝑘𝑚𝑜𝑙
𝑚3

0.914𝑚
= −6.95287 ∗ 10−9

𝑘𝑚𝑜𝑙

𝑚2 ∗ 𝑠

When Cover is 10ft High:

𝐽𝐴2
∗ = − 2.62 ∗ 10−5

𝑚2

𝑠

0.000504
𝑘𝑚𝑜𝑙
𝑚3 − 0.000262

𝑘𝑚𝑜𝑙
𝑚3

3.048𝑚
= −2.08495 ∗ 10−9

𝑘𝑚𝑜𝑙

𝑚2 ∗ 𝑠

When Cover is 15ft High:

𝐽𝐴3
∗ = − 2.62 ∗ 10−5

𝑚2

𝑠

0.000504
𝑘𝑚𝑜𝑙
𝑚3 − 0.000262

𝑘𝑚𝑜𝑙
𝑚3

4.5728𝑚
= −1.38997 ∗ 10−9

𝑘𝑚𝑜𝑙

𝑚2 ∗ 𝑠



Design Validation: FMEA

Garet Bowles, 3/31/2025, SRP EVP
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Project Budget 

Overall Budget:

Our overall budget is $5,000, with the majority of the budget going to testing and experimentation. 
A portion of the budget will go towards traveling to the ASU campus to see the prototype

Fundraising:
As a team, we set 

up a go fund me 

that has so far 

raised $765, with a 

goal of $500. 

Jorge Cesin, 3/31/2025, SRP EVAP
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Schedule 

Add a descriptive caption here.Garet Bowles, 3/31/2025, SRP EVAP
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Conclusion 

Future Work
q Finalize CAD with all major part drawings 

and assembly

q Meet with ASU again to share research 

findings

q Start purchasing materials for prototype  

q Start constructing sub-system prototypes 

for heat, humidity, and wind.

q Continue Convective Mass 

Transfer research

Trey Bushling, 3/31/2025, SRP EVAP

Picture credit: [5]



Prototype 1 Shade Experiment

Brendan Steele, 3/31/2025, SRP EVAP

Time: 12:00 PM

Temperature: 52 F

Wind Speed: 16 MPH

Time: 4:00 PM

Temperature: 54 F

Wind Speed: 20 MPH

Time: 2:40 PM

Temperature: 55 F

Wind Speed: 19 MPH

Time: 1:20 PM

Temperature: 54 F

Wind Speed: 18 MPH



Prototype 1 

, 3/31/2025, SRP EVAP



Prototype 2

Trey Bushling, 3/31/2025, SRP EVAP



Thank You!
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