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Background

Why a Mars Greenhouse?

Long-term habitation in space and on other planets is a priority of NASA. Missions to the moon and planets such as Mars will require significant advancement in the engineering aspects of Advanced Life Support Systems (ALS) since the current systems require frequent re-supply of materials which is expensive and time consuming. Therefore, to reduce cost and time, new systems that use recyclable and renewable biological materials are being development. Plants will be an integral part of a sustainable ALS.

Table 1: The atmosphere composition, gravity and length of day and year on Earth and Mars. 
	
	Earth
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	Mars
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	Pressure
	1 atmosphere (101 kPa at sea level)
	1% of Earth or ~ 1kPa


	Temperature
(average)
	14 °C
	-55°C

	Gravity
	1g (9.81 m/s2)
	38% of Earth or 0.38g (3.73 m/s2)


	Atmosphere
	78% N2, 0.04%CO2
21% O2, and other gases
	95% CO2, 2.7% N2,
0.13% O2, and other gases.

	Solar day
	24 h
	24h 38 minutes 



	Year
	365.26 days
	687 (earth days)




What can plants do in an ALS?
· Provide oxygen.
· Be a source of food and nutrition.
· Provide psychological benefits (connection with earth, pleasure of gardening).
· Purify air and waste water.
· Provide bio-materials like, papers, fuels etc.

· Provide pharmaceuticals.

Missions to Mars will pose harsh conditions for any kind of biological system including plants.  Therefore, plants will need to be grown in a protected and controlled environment that has first been tested on Earth. To study the growth of plants in low atmospheric conditions, which is likely how plants will be grown on Mars, we have designed small-scale, Low Pressure plant Growth Chamber (LPGC) or a simulated Mars greenhouse.
What is Low Pressure Growth Chamber (LPGC)?

Plants will likely be grown at low pressure on the Moon and Mars since structures that can withstand large pressure differences between the inside of the growth chamber and the surrounding atmosphere are expensive and can require thick, heavy materials. In addition, the gas leak rates are much higher with higher pressure differences between the inside and outside of the chamber. These heavy chambers are also expensive to launch from Earth.  The advantages of a LPGC to study plant growth are:

· It simulates the pressure differences that a greenhouse would have on the surface of Mars.

·  It allows for monitoring of plant growth and development.
· It controls a variety of environmental conditions that are required by plants for growth.
·  Equipment launched into space must be as light as possible and low pressure chambers are lighter than high pressure chambers since they do not require heavy materials to withstand extreme pressure differences.

· It requires less gas to fill the chamber.  This can be important for limiting gases such O2. 

· Low pressure chambers typically leak less than those run at higher pressure.

· Some evidence suggests that plants grow better in low pressure.


The prototype chamber that you will use for this module is a plexi glass cylinder that acts as a plant growth chamber. The aluminum base is a plate that has a feed-through port containing eight wires passing through a non-permeable coating that acts as a vacuum proof seal. The wires are connected to different sensors that can monitor the environment inside the chamber.

What do plants need to grow in a LPGC?

· Plants need light, CO2, O2, water and other nutrients for growth. These can be provided in the LPGC.
· Plants do not need the part of atmospheric pressure produced by nitrogen. So one way to make pressure changes is by adding more or less nitrogen.
· Temperature control: optimal temperature for many crop plants is in the range of 18 to 28 °C. 

Objective

During this 4-H module you will learn a few technical and scientific aspects of the operations of a LPGC. You will learn how to use a data logger to collect data from environmental sensors. Five groups of four students each will perform a total of six activities. Feel free to ask instructors questions during this workshop. The Appendix gives details of the equipment and some procedures that will be used in the activities.
Activities
1.  Assembling a Low Pressure Growth Chamber.

2.  Uploading of the software program to the computer that monitors sensor outputs.
3.  Programming the Temperature sensor – converting °C to °F.
4.  Studying the effect of Low Pressure on Gas dynamics in LPGC.
5.  Testing a marshmallow and balloon in low pressure to understand Boyle’s Law.

6.  Comparing the photosynthetic rates of plants grown in different pressures.
Materials for the Mars Greenhouse Activities
· Greenhouse.
Each group will have a plexi glass cover and an aluminum base with feed through wires that connect to sensors that monitor various aspects of the Mars Greenhouse environment.

· Sensors.

Each group will have three of the following sensors. Temperature (DS10 Dallas Semiconductors), Pressure (Sensym), Oxygen sensors (MAX-250, Maxtec), CO2 sensor (6004 CO2 module)       
· Data logger.
Each group will have a data logger (Campbell Scientific Inc). 
The CR 10 data logger is a small computer combined with a sensitive voltmeter that records the voltages (raw signals) from the sensors. The CR10 in turn can be connected with a PC via an interface. The PC has software for the CR10 which converts the voltage data into sensor readings. For example, a 0 to 5 volt range of signal can represent either 0 -100 % Relative humidity or 0 – 100 % oxygen.

· PC – personal computer to record data and create graphs with software (PC208W) for the CR 10 Microsoft Excel.

· Test Materials:  a Marshmallow, balloon and other.

Activity 1. Assembling the Low Pressure Growth Chamber (LPGC).

· Safety: Working with electricity can pose the potential for electrical shocks please allow your teaching assistant help you hook up the system to electrical outlets and the computer. 

· Circle the sensors that your group has on the worksheet (See appendix A for pictures and wiring).: Pressure Sensor, O2 Sensor, Temperature sensor, or CO2 Sensor

· Locate the wires, coming out of the sensors (power out put, ground, and signal wire).  These wires will be labeled.  The oxygen sensor only has two wires, the power output and signal wire.

· Connect the positive, negative, and ground wires from the sensor to the respective ports on CR10 as indicated on the wire label . For example, +VE (for positiVE) wire from sensor will go to either the 5V (volt) or 12V channel on the CR10 depending on the voltage range of sensor (see Appendix A for the voltage range of your sensors). The ground wire can be connected to any ‘G’ channel and the signal wire has to go to the channel/port number specified in the program for that sensor (also indicated on the wire label). 
· Answer the Questions in section 1 of your worksheet (these will be turned in at the end of the workshop).
Activity 2. Uploading the PC208 w Software (See appendix B for details).
The CR10 data logger is already hooked to the PC through a serial cable. Here you will follow the screenshots given in appendix B to upload the software.
· Follow the steps  given in appendix B to upload the software  

· Answer the Questions in section 2 of your worksheet.
Activity 3.  Programming the Temperature sensor (See appendix C for details).

When an excitation voltage is applied to a sensor used to monitor environmental conditions, the sensor transmits a voltage signal to the CR10 based on the environmental condition. We are interested in the sensor reading such as degrees (°F or °C) so a program is needed to convert this millivolt signal from the sensor into a final reading. Using the software, the data reading can be converted into another unit. For example, the data logger collects the data for the temperature sensor through thermocouple wire. The thermocouple consists of two dissimilar metals that are joined together at the sensing end. These dissimilar metal complete a circuit in which the two legs generate different voltages.  This difference in voltages increases with temperature and can indicate temperature changes. Currently, the thermocouple reading from the CR10 is in °C but we want to have temperature in terms of °F.  You will program the software to convert °C into °F. Mathematically, we know that,    
°F = °C*1.8 + 32
· Click on program on the main window. (See screen shot 4, Appendix B). The first program indicated on the list converts the temperature from °C to °F (Appendix C), select this program.

· The program works in steps. In the first step the degree C data is collected.  This is shown on Appendix C screenshot. You do not need to do anything in Step 1.    

· The second step multiplies the data by 1.8 and stores the value. Change the value on line 2 in Step 2 of the program to 1.8. 

· The third step adds 32 to the resulting value from step 2. Change the value on line 2, step 3 to 32.
· Answer the questions to Activity 2 of your worksheet.
Activity 4.  Studying the Effect of Low Pressure on Gas Dynamics in LPGC. 


The instructor will turn on the vacuum pump connected to the LPGC. As soon as the pressure drops to a specified pressure difference, record the gas, temperature, and pressure data in the table (Table 1) provided on your worksheet. Every data point will be recorded every few minutes.

· Using Excel, plot the graph time vs. pressure, then, sketch it on the provided worksheet.  (If you don’t know how to do this, ask instructors for assistance in this procedure)
· Using Excel, plot the graph of pressure vs. O2, then sketch it on the provided worksheet (Not all the groups will have O2 sensor).
· Using Excel, plot the graph of pressure vs. CO2, then sketch it on the provided worksheet (Not all the groups will have CO2 sensor).

·  Using Excel, plot the graph of pressure vs. temperature then sketch it on the provided worksheet
· Answer the questions for Activity 4 of your worksheet.

Activity 5. Testing a marshmallow and balloon in the LPGC to understand Boyle’s law.


Atmospheric conditions including temperature, gases and pressure on Mars are different than from Earth. Understanding the effects of low pressure on gas will be required to grow plants in LPGCs. To give you an idea about how gas and volume interact at low pressure conditions, understanding of Boyle’s law is necessary. According to Boyle’s law if a gas is kept at a fixed temperature, pressure (P) and volume (V) are inversely proportional (while one increases the other decreases):
Boyle’s Law

P1V1 = P2V1,

 Where, P1  is the initial pressure of a gas at time=0, V1 is the volume it occupies at time =0 and P2 is pressure at some time downstream of the initial time and V2 is the volume at time downstream of the initial time.

Example Calculation:

What is the volume of a balloon as pressure drops to 50 kPa if the balloons volume is 10 cm3 at 120 kPa?

Given: 
P1=120 kPa

V1= 10 cm3
P2=50 kPa

Unknown: V2 = ?

Using Boyles’ law:  P1V1 = P2V2,
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The balloon expanded to 24cm3 after the pressure dropped to 50kPa.

· Blow a balloon up and tie off.

· Place the balloon in the chamber and cover with the top of the chamber.  

· Reduce the pressure in the chamber until a balloon blows up.

· View the graph of time versus pressure, can you identify when the balloon blew up. 

· Allow the pressure to increase in the chamber until you can lift the top off for the marshmallow section of this activity.

· Measure the diameter and height of the marshmallow before you put it in the LPGC. Calculate the volume of the marshmallow using the equation for a cylinder. (note: equations of different geometries for areas and volumes will be provided on the board for you to select the correct one).
· Place the vertical and horizontal rulers in the chamber so you can view them while your marshmallow is in low pressure.

· Reduce the pressure in the LPGC to 10 kPa, observe what happens to the marshmallow. Record the diameter and height of the marshmallow and calculate its volume.
· Stop the vacuum pump and record the final pressure in the worksheet.  Calculate the change in volume of marshmallow after exposing it to low pressure.

· Answer the questions for Activity 5 in your worksheet.

Activity 6. Comparing the photosynthetic rates of plants grown in different pressures.
Plant cells make food (carbohydrates) and produce oxygen in the presence of light and CO2. This process is called photosynthesis. 
                                               

Light
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Program
Alex Stimpson and John Truett
11120105

Below is the program used for sensor data collection and manipulation with the CR10X
datalogger

¥ Note: // indicates comment (not part of actual code)

it
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6 CO2 + 12 H2O                          C6H12O6 + 6 O2 + 6 H2O

Here, you will measure the uptake rate of CO2 at lower pressure. You will calculate/observe the slope of the curve representing the linear relationship between the time and CO2 (ppm) level. Refer to figure below in terms of CO2 uptake rate and decide on the best pressure level for the best photosynthetic rate. Remember: Higher the CO2 uptake rates the higher the food production rate.
A linear relationship of time and CO2 uptake can be derived from the slope equation, 
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Where y is the ppCO2 in the chamber at time, x. The coefficient of x is the slope of the line or m and b is the location that the line crosses the y-axis at x = 0. This form of a line's equation is called the slope-intercept form.

You will need to apply this understanding of slope to decide on the photosynthetic rates. The linear relationship is represented on the following graph for each pressure level.
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Figure 1.  The ppCO2 (partial pressure of CO2) in the Mars greenhouse containing 3, 7-day-old radish plants after 1 week in the LPGC.  The total pressure of the greenhouse was run at 101, 66, or 33 kPa.

Appendix A
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      1. Pressure Sensor
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2. Oxygen Sensor
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3. CO2 sensor
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4. Thermocouple (temperature Sensor)             
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Software Loadinf Instructions
Alex Stimpson and John Truett
11/20/05

Step 1 Make sure the battery pack is connected at both + and — terminals. The positive
terminal (red) should be connected to one of the 12V porwer supply ports and the negative
terminal (black) should be connected to one of the ground ports on the CRIOX. Also
make sure that the serial port adapter from the CR10X is connected to the serial port of
the computer (9-pin)

Step 2: Double click on PC208W 3.0 executable fle to start the datalogger support
software (for use with CR10X).

¥ Note: If the program puts out an error message saying the telecommunications failed,

cancel attempt to connect (button in lower right hand comer of MAIN WINDOW). Then
resend program using the SEND button (in the DATALOGGER PROGRAM field). The
Iatest sensor reading program is called TEMPSEN2 DLD.

Step 3: To check to make sure good data is being collected, click the NUMERIC button

in the DATA DISPLAY field. A new NUMERIC DISPLAY WINDOW will open. Ifall
of the number values are zero, resend program as described in note above.

¥ Note: If this sill does not give non-zero numbers in the windorw, try rebooting
computer.

Now non-zero numbers should be appearing in the NUMERIC DISPLAY WINDOW.
Data is being collected by the CR10X and can be collected to Excel or another data
reading program as described in the sheet on data retrieval

¥ Note: If no response is being received by the computer from the CRIOX. the battery
pack may be low and need to be replaced.

‘When not using CR10X datalogger, please disconnect ~ terminal (red) of battery to
ensure that the battery lasts as long as possible.
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          Wires                           Port on CR10





1. Signal (green)…………………1L


2. Voltage Output (Red)…………5V


3.  Ground (black)………………. G 

















 





 1. Signal (black) …………………2L


 2. Power (red)…………………….5V























 


1.   Ground (black)………………..G


 2.   Power (red)……………………5V


 3.   Signal………………………….


























1.  Differential channel High……….1H


2.  Differential Channel Low……….1L
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