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DISCLAIMER STATEMENT

The university makes it clear that the information forwarded herewith is a project
resulting from a class assignment and has been graded and accepted only as a fulfillment
of a course requirement. Acceptance by the university does not imply technical accuracy
or reliability. Any use of the information in this report is made by the user(s) at his/her
own risk, which may include catastrophic failure of the device or infringement of patent
or copyright laws.

Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the State, its officers, agents, and employees from
any and all claims and losses accruing or resulting to any person, firm, or corporation
who may be injured or damaged as a result of the use of this report.
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PROCEDURES AND METHODS

Measurements and Data Acquisition

This first thing that must be done for this project is to collect data and measurements of
the crop dryer to be used and its placement in the drying operation. The Peerless dryer
rests on a concrete pad that sits next to the dryer bin. Figure 8 below shows the concrete
pad to scale and the available space on the pad next to the dryer for placement of the

recuperator.
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Figure 8. Concrete Pad Layout.

Calculations and Design Considerations

This project aims to recirculate and recuperate the heat from at least half of the exhaust
air from the crop dryer. The Peerless dryer has an inside diameter of 22 %4 with parts
inside that restrict air flow. If this information is used as an estimated base line we get:

m(22.25")?% 1 .
A =——4——x Ez 194.41 sq in
Rounding that number up to 200 sq in gives the project some extra capacity to account
for internal restriction. The recuperator has to fit within the concrete pad next to the
dryer so the width must be within two feet. Figure 9 shows an excel table used to
calculate specific dimension of parts while maintaining a 200 sq in area for both the
waste exhaust and cold air flows.



Table 1. Project Dimensions.

Area sqin
Intake slots

Exhaust Slots

total slots 11
alum width "
# alum

dividers

steel width "
height "
Bolts

Spacer Size "
# of spacers 99
length of

pipe 144375 ft
inside width 19.758 "
outside

width 19.9074 "
unbent width 23.9074

of top panel "

Other Considerations

Other design considerations include the positioning of the inlets and outlets. The dryer
exhaust air inlet and the cold air intake of the recuperator must be located together on the
end of the recuperator that faces the dryer bin for the most efficient ducting. The other
end will have the recuperator output and waste exhaust outlet facing the intake of the
dryer and ducting will connect the two. This pass-through design will allow for
minimally restricted airflows. Temp measurements will be taken at both ends of the
recuperator during testing.



Recuperator Design

Figure 10 shows a general overview of the design and the location of cross sections. Figures 11, 12,
13, 14 show detailed drawings of the individual components with dimensions.
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Figure 9. Design Overview.
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Figure 11. Interior Cross Section View.
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The test will then be repeated with the recuperator. Walnuts from the same batch will be
used to eliminate other variables. Two kinds of tests will be performed with multiple
trials each. Figure 16 shows an example of a table to be used for testing.

Table 2. Example Test Table.

Recirculation Test

Beg MC
%

End MC
%

Drying
Time

Intake
Temp (°F)

Exhaust
Temp (°F)

Test 1 (control)

Test 2 (25% Recirculation)

Test 3 (50% Recirculation)

Test 4 (75% Recirculation)

Test 5 (100% Recirculation)

The first test will monitor several things. Exhaust and intake air temperature will be

measured using probes placed inside the ducting of the drying bin. Fuel used could be
measured precisely during the entire drying cycle using a meter on the fuel line. EKM
Metering in Santa Cruz, CA offers a PGM.75 model gas meter that could work for this

application. Drying time is defined as the amount of time the walnuts take to reach about

8% moisture content. Recirculation will be adjusted throughout the different trials. The

second process will test recuperation with no recirculation. The process will monitor the

temperature of dryer exhaust air entering the recuperator and the waste air leaving the

recuperator to determine the amount of heat that is being effectively recuperated.
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RESULTS

Scalability

This model has an estimated capacity of half of the output of one standard Peerless
dryer. The recuperator has been designed to be scalable. This is accomplished by either
using multiple units in parallel or by doubling the width with more plates.

Testability

The unit will be tested during the coming walnut season (Fall 2014). The exhaust gas
temperature and humidity will be monitored throughout multiple drying cycles. The
information will be used to calculate the optimum amount of recirculation in each phase of the
drying cycle. The test will then be repeated and the amount of recirculation controlled to
improve drying times and fuel efficiency compared a typical dryer setup.

Costs and Bill of Materials

Bill of Materials. The final list of materials purchased is shown below in Figure 17. The
final materials cost is totaled at the bottom. The materials were supplied by Whitten
Machine Co., Mid Valley Pipe & Supply INC, and C & J Fasteners. All suppliers are
located in Tulare, CA.

Table 3. Bill of Materials.

Quanity Description Price/Unit Price
5 16ga 4' x 8" Aluminum Sheets $ 56.00 $280.00
2 16ga 4' x 10' Steel Sheets S 100.00 $200.00
2 21'x 1/2" ID Sch 80 Pipe S 23.00 S 46.00
1 4' x 4' Mesh $ 2200 $ 22.00
1 1" x 20' Square Tubing S 3400 S 34.00
2 20’ x 7/16" Treaded Rod S -
32 7/16" Nuts S -
32 7/16" Washers S -
Project
Total $582.00

Costs and Comparison. The final bill of materials shows that the project was built under
budget. Most of the costs came from the aluminum and steel sheets. This amount does not
include labor for construction. Labor for installation and connection can be estimated at around
25 hrs and will be performed as part of the test plan.
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RECOMMENDATIONS

Cost Reduction. In order to attempt to reduce the expenses, it is recommended that
lighter materials be used in construction if it can be shown that they would have
adequate structural rigidity. The largest costs were the aluminum and steel sheeting and
any reduction in thickness of these sheets would significantly reduce the price and
weight of the entire project as well as a possible increase in heat transfer.

Adaptability. The project was designed to be very adaptable to many different dryer set
ups and layouts. It has a modular design that can be connected through ducting to many
different dryers and bins designs. Multiple units could be run in series to extract more heat
or units could run in parallel to increase recirculation capacity. This project could be
scaled up and used in even a large-scale system.

Automation. With the results of this test, an optimum pattern of recirculation control
can be realized. Recirculation will be controlled manually for the purposes of this project.
This process could be automated with a PLC and an actuator which would monitor and
control recirculation continuously.
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Senior Project Contract



California Polytechnic State University February 11, 2014
BioResource and Agricultural Engineering Department Ribeiro, Ross J
ASM Senior Project Contract 004772556 ASM
Project Title

Analysis of crop dryer recirculation and heat recuperation

Background Information

Walnut dehydrators use propane and natural gas burners to heat air enough to dry walnuts. A large
amount of residual heat is wasted in the exhaust air from the dryers. This project will analyze the
feasibility of utilizing that wasted heat using recirculation and a heat exchanger. The regulators on the
burners would use less fuel and this could result in a significant reduction in expense.

Statement of Work

This project will require data collection on the dryer to be tested and the efficiency of recirculation
systems currently in use. Heat exchangers designs will also be researched. Different design options will
be discussed. A proof of concept model will be constructed and a testing procedure will designed.

How Project Meets Requirements for the ASM Major

ASM Project Requirements - The ASM senior project must include a problem solving
experience that incorporates the application of technology and the organizational skills of
business and management, and quantitative, analytical problem solving.

Application of agricultural ! The project is specifically analyzing the application of technology to the

1 walnut processing industry.
technology :

Application of business Th|s project will require the use of business skills to economically analyze

, ! the application of a new technology.
and/or management skills

____________________________________________________________________________________________________________________________

Quantitative, analytical Th|s project is a proposed solution to an economic problem. Significant
) © qualities will be measured to determine the effectiveness of the proposed
problem solving  solution and to analyze the economic benefits of the results.

List of Tasks and Time Estimate

TASK He
Research on local commercial burning restrictions 10
Research heat exchangers on the market 20
Determine burner air flow rates 5
Design model 25
Construct model 70
Construct test plan 20

TOTAL 160
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