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The main goal outlined by Techmark is to understand air 
flow and condensation mechanisms within the air duct 
and air cups:
• Create a CFD model to determine condensation 

formation boundaries for increased air flow velocity.
• Determine condensation characteristics within the air 

cup to understand potential for condensation 
formation.

• Design a CFD model using ANSYS to simulate system 
air flow.

Under the current system conditions with no potatoes in 
storage, the following conclusions were made:
1. Non-uniform airflow in the air ducts and air cups
2. 28% of the air cup tops are covered by potatoes 

during storage
3. There is no condensation forming in air cups based on 

temperature differences within the system (all data 
falls within thermocouple sensitivity)

CFD Modeling
CFD software was used to model the uneven distribution 
of air in the duct and select air cups.

Addressing the ventilation system issues was bounded by 
the following limitations:
• Lack of supportive data from the storage facility.
• Limited time and computing power for advanced CFD 

simulations. 
• Greenville storage facility lacked a 2019 harvest and 

could not be used to validate condensation 
calculations.

Use CFD modeling and field data collection to understand 
the air flow properties in Techmark’s guarded air slot 
design for delivery of high-velocity, saturated air to 
potatoes
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Results

Problem Statement

A potato storage facility located in Greenville, Michigan 
that is equipped with Techmark's air cup design has been 
experiencing product loss. Potatoes at this facility 
are typically stored for 6 to 11 months using ventilated 
and fresh air and are maintained at specific temperatures 
and humidity to ensure product quality. The product loss 
is a direct result of uneven air flow distribution and related 
condensation formation within Techmark's air cups. 

With the lost product valued at $20,000-$30,000 per year, 
it is imperative to better understand the ventilation system 
and resolve the current issues. Computational Fluid 
Dynamic (CFD) software and data collection were used to 
model and assess the air flow within Techmark's air cup 
design and reduce potato losses in the future.

Standards
Potato Storage and ASABE Standards1

• Temperature should be 50°F
• Relative humidity should be 90-98%
• Discharge velocities exceeding 1,200 fpm are likely to 

result in condensation of water vapor
• Variation in air humidity, temperature, or movement 

can cause potato damage2

Recommendations

Air Cup Coverage 
A 20-trail, control-volume experiment was conducted 
to determine the actual air cup top being covered by 
stored potatoes. The images taken were applied to 
AutoCAD software to transpose the 3D coverage to a 2D 
area calculation. The results yielded a 17% minimum, 
28% average and a 35% maximum coverage.

Based on the conclusions made, structural system 
changes and model improvements are recommended:
1. Air Duct Inlet Cone
A decreasing-diameter, truncated cone was designed to 
improve air flow distribution through the air ducts. 
Implemented at the duct inlets, this cone distributes air to 
each air cup better than the current system.

Figure 1. Photos of the potato 10,570ft2 storage facility.

Figure 3. Photos of air cup coverage control volume with 
potato coverage example from one trial.

Figure 5: CFD models of the current airduct system and air cups.

Figure 2. (Top) A depiction of a cross-sectional view of an air duct with 
potatoes covering the top of an air cup, and(bottom) a depiction of a 

single air duct with the select three air cups. Figure 4. CFD system model at different percent coverages with aerial 
view coverage under current storage conditions.

Figure 6: Average measured air cup velocities for ducts 2, 20, and 39.

Figure 10: CFD simulation of vase shape air cup alteration. 

Figure 11: Depiction of the location of 21 of the temperature sensors 
recommended. (The room sensor is not shown).

Table 1. Air cup temperature collection values.

Figure 9: SolidWorks design of truncated cone. 

2. Air Cup Shape
For future implementation of Techmark's air cup system, it 
is proposed that the air cup shape be altered. The "vase" 
shape pictured below significantly reduces the current 
cup's low-velocity dead-zones.

3. Future Temperature Collection
Real-time temperatures can be collected during 
storage with the implementation of RTD temperature 
sensors in the specified locations.

4. Model Update and Research
It is recommended that the current data be updated 
to include the potato pile in the future to account for 
all variables. Additional research for mechanical shear 
of water vapor should also be investigated as a 
mechanism for water loss from the ventilated air beyond 
the heat and mass-related scope of this project

Air Flow Data Collection
Exit air velocities were collected from the air cup tops 
in the facility to determine the actual air flow across 
the ducts.

Condensation Validation
Temperatures were measured using a type-
T thermocouple with a sensitivity of ±1°F. 
Measurements were taken at the air cup inlet and air cup 
top as well as in the storage room.

Calculations using psychrometric data, 
temperature differences and acquired velocity data 
revealed the condensation potential for the current 
system at each air cup across the three air ducts in the 
room.

Duct Inlet Temp (°F) Temp (°F) Temp Diff (°F)

Duct 
#

Air Cup 
1

Air Cup 
14

Air Cup 
28

2 52.0 51.0 50.7 50.0 -1.1

20 51.7 51.4 51.3 50.7 -0.7

39 52.4 51.3 51.3 51.5 0.3
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