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Presenter
Presentation Notes
Thank you for joining today’s webinar
The upcoming Decadal Survey is of the first importance in shaping the future of biological and physical sciences at NASA and, in turn, impacting the use of low Earth orbit by other government agencies and our international partners and influencing the development of a low Earth orbit commercial economy




Why Research Campaigns?

• Recapturing a Future for Space Exploration: Life and Physical 
Sciences Research for a New Era (2011)

• 65 highest priority recommendations
• Top level research timeline for many disciplines

• Implementation challenges for NASA
• What is in scope? Out of scope?
• Is there a goal? Should there be a goal?

• Research Campaigns
• Well-defined content

• Not focused on a single “Keystone” mission
• Clear, transformative goal

• Spaceflight applications typically matured to Technology Readiness 
Level 6: System/sub-system model or prototype demonstration in a 
relevant environment
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Decadal Survey

Midterm Assessment

https://www.nap.edu/catalog/13048/recapturing-a-future-for-space-exploration-life-and-physical-sciences


Research Campaigns

• The following examples 
• Illustrate some of the many possible approaches to formulating Research 

Campaigns
• Are notional and over-simplified

• The following examples are not prescriptive
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Approach 1: Update and Expand 2011 DS
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What purposes?
What system (e.g., FC-72?)

How are targets chosen?

What besides boiling and 
condensation?

Stability in response to what 
perturbations?

Both?

Selected how?

Any g-level below 1? (0, 1/6, 
3/8)?

How is reliability defined?

How accurate?

Can a minimum, specific set 
be listed?

How  reliable?

What specific levels?

Scale up from what? to what?

Goal: Enable the design of 
microgravity flow boiling 

systems that will not 
exceed critical heat flux 

under normal or extreme 
operating conditions

(transforms exploration 
with more smaller thermal 

management systems)
Scheduling by Decade

Presenter
Presentation Notes
One approach is to build off the current Decadal Survey
Here we look at the research topic Fluid Physics: multi-phase flows, cryogenics, and heat transfer

The current status does not explicitly describe a gap between the current status and the desired status but the supporting text does: lack of data and models stand in the way of using more efficient two-phase flow systems in microgravity

The temporal resolution here is a decade: a) the next decade and b) thereafter.
More guidance is needed for NASA to develop an appropriate implementation plan and for stakeholders to understand the appropriate pacing of the work
Questions in balloons are examples of those that arise in developing an implementation plan

Outcomes provide good high level guidance but more details would help ensure proper scoping of the activities
Questions in balloons are examples of those that arise in developing an implementation plan




Campaign for Fluid Physics (1)
• Starting a program in 2011 after receipt of the Decadal Survey

• Addresses subset of Table 9.1: flow boiling, model system (FC-72) for all but lunar surface, 0- and 
1/6-g, thermal management

• Assumes model development is sufficiently mature in Year 10

• Scheduling roughly by Quarter similar to a NASA implementation plan
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Presenter
Presentation Notes
Here is an example of fleshing out a Research Campaign
Start upon receipt of the Decadal Survey 
This plan only addresses a subset of the table shown on the previous slide
It makes the bold assumption that the modeling efforts will mature so much that there will be little need for improvement beyond Year 10

This temporal resolution (down to the year (or even quarter)) is typical in NASA implementation plans.
It may be overly precise for a Research Campaign developed by the research community

There is an explicit line for (ground) NRA grants for developing models.
It starts with four awards in the first cycle to enable the development of alternative approaches
The models are made available at the end of the period of performance
Whether the products are delivered to one or more NASA customers or are in the public domain is not specified here
The plan assumes a downselect through competition to two models in the second cycle and 
one model in the third cycle and 
no need for a fourth cycle

The experimental work begins with 5 NRA awards
The proposals may include parabolic or sub-orbital flight, but not orbital flight
Throughout the investigations, data from the experimentalists is made available to the modelers
Details about the timing of these deliverables and the nature of the collaborations between the modelers and experimentalists is not specified
One construct would be create a team made of up all nine investigations
Such details are out of scope for this presentation
Two of the grants are then chosen to advance to flight in low Earth orbit (e.g., on the ISS)
Here it is indicated that the two investigations will function as a team
Again, the details of this teaming arrangement are not specified
But the idea here is that there will only be one item of flight hardware built for the two investigations
After the completion of LEO model system, one investigation is chosen to proceed to the development of a lunar surface prototype system



Campaign for Fluid Physics (2)
• Starting a program in 2023 after receipt of the next Decadal Survey

• Addresses subset of Table 9.1: flow boiling, model system (FC-72) for all but lunar surface, 0- and 
1/6-g, thermal management

• Assumes model development is sufficiently mature in Year 10

• Scheduling roughly by Quarter similar to a NASA implementation plan
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Low Earth Orbit model system
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5

1

1
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Presenter
Presentation Notes
Here is a slight modification to the Research Campaign
It takes the same approach to modeling
But this version takes into the Flow Boiling and Condensation Experiment that will be deployed to the ISS next year
It assumes that five “ground” investigations start after FBCE is complete and
They drive toward a downselect for one lunar surface prototype mission



Challenge 
or Problem

Research 
Questions Tasks Products

Approach 2: A General Schema

• Captures several related lines of research driven by a Challenge or Problem
• Challenge or Problem articulated in one sentence

• The Challenge or Problem leads to several Research Questions that need to be 
answered to address the Challenge or solve the Problem

• Each Research Question leads to several Tasks (i.e., research grants)
• Some Tasks may address more than one Research Question

• Tasks deliver Products that answer the Research Question (in whole or in part) and 
thereby help address the Challenge or solve the Problem
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Presenter
Presentation Notes
Here is a second approach to developing a Research Campaign
Based on the successful program architecture for the Human Research Program
Mapping HRP to This Schema (>)
(Evidence> Decadal Survey, OSTP/OMB annual memorandum, research community workshops; needs identified by HEOMD or STMD)
Risk> Problem or Challenge statement (e.g., develop and validate a model to design flow boiling systems in microgravity that optimize efficiency while preventing critical heat flux; what do we need to know to decide how to manage the microbiome of crewed missions to Mars?)
Gaps> Research Questions (e.g., how do we predict the evolution of the microbial ecosystem (ME) during a mission? How do we measure the ME during a mission? How do we intervene to change the ME during a mission?)
Tasks (aka grants) > Tasks 
Deliverables> Products (same thing, different word)
 



Example: Microbial Ecosystems (ME)

• Challenge: NASA has the knowledge and tools to decide how to manage the microbial 
ecosystems in a 30-month mission to Mars and back

• Research Questions:
1. How can we predict future state of microbial ecosystems in mission?
2. How can we prevent the generation of unhealthy microbial ecosystems?
3. How can we monitor state of microbial ecosystems in mission?
4. How can we intervene to change the state of microbial ecosystems in mission?
• Desire answers in terms of fundamental, mechanistic understanding rather than 

empirical/phenomenological generalizations

• Additional “dimensions” to the research space
• Systems: Crew, plants, built environment; interactions between the three
• Platforms: Earth analogs, ISS, other LEO habitats, Gateway, lunar surface 

systems (lander, habitat, suit, rover)

• The Research Campaign specifies what subset of Research Questions, systems, and 
platforms should be studied and in what sequence
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Presenter
Presentation Notes
Biologists know that the current strategy of ‘keep everything as clean as possible’ is not a robust approach for a 30-month mission in a closed system
The chances are good that some microbes will develop resistance to the cleaning regime
One is left to hope that the resistant microbes are not pathogenic for the crew or plants
Here is a pretty general approach to managing living systems
Prediction requires modeling. Modeling summarizes what we know about the system.
Preventing problems is always desirable
We must monitor the health of the system (here the microbial ecosystem) during the mission
And be able to intervene if the system is headed to or has arrived at an unhealthy state
In biology, our understanding is often phenomenological, that is empirical, to start with but we seek to eventually obtain a mechanistic understanding of the system

Each one of these research questions is a line of inquiry
But there are other lines of inquiry:
Study the crew microbiomes, the plant microbiomes, or the microbiomes of the built environment
Study the interactions between two theses or between all three
Study the microbial ecosystems in different environments
There are too many combinations of Research Questions, systems, and platforms to study them all
The Research Campaign narrows the possibilities down to a reasonable number






Campaign for Microbial Ecosystems
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• Human ME 

(Human 
Research 
Program)

• Information 
flow between 
predict, 
monitor, treat, 
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Tasks

• Use of 
different 
ground and 
flight 
platforms

Presenter
Presentation Notes
Like the Fluid Physics examples, there is a section dedicated to modeling called Predict
Here it is a “lane” with three lines: plants, BE, and interactions
Similarly, there are lanes for Monitor, Treat and Prevent
Each of these has lanes for plant or BE and ground or flight
Like the Fluid Physics examples, there is a downselect from ground to flight in these lanes


Not shown in this Research Campaign for simplicity
HRP’s work on the human (crew) microbiomes
How information could flow between Tasks within a lane and across lanes
How different ground analogs might be used in a particular sequence



Questions for the Community to Consider

• Are goals appropriate for all transformative areas?

• What is the appropriate temporal resolution of a Research Campaign?
• The current Decadal uses a decade
• The examples above use a year (quarter)

• Can the scope of Research Campaigns be well defined without being unnecessarily 
restrictive?

• Is it reasonable to specify the number (or range) of awards that should address a 
research question?

• What types of teaming arrangements, if any, should be suggested in a Research 
Campaign?

• How should the health and vitality of a discipline area be nurtured in light of Research 
Campaigns?

• Some campaigns may include down-selects that result in decreased support of 
the discipline

• Should a balance between the number of ground and flight investigations be 
maintained throughout the decade?

10



Thank you

• Learn more about BPS research at 
science.nasa.gov/biological-physical

• Follow the conversations on social media using 
#BPSDecadalSurvey.

• Join us for a Reddit “Ask Me Anything” live panel event 
on Friday, November 13, 2020, from 1:30-3:30 PM ET

• Connect with colleagues at the American Society for 
Gravitational and Space Research at https://asgsr.org/
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https://science.nasa.gov/biological-physical
https://asgsr.org/


Reference
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Technology Readiness Levels
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