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of students is preparing for a simulated spacecraft return mission when they discover
. Spacecraft returning to Earth travel at extremely high speeds. As they rush back ntot
sphere, the air around them changes rapldly and temperatures become dangerously high. '
2 the investigation, students notice that spacecraft do not survive reentry by luck. They are

ajor

t not every object survives reentry. Small meteoroids and pieces of space debris often burn up, |
ile crew capsules and some spacecraft are built to withstand the journey

one exarmple, the outer surface of a returning capsule became blackened and worn, but the inside
Emained safe. In another, engineers explained that some heat shields protect a spacecraft by slowl |
ning. melting, or breaking away, carrying heat with them. Students also found that a spacecraft’ |'I

le and shape affect how much heating it experiences.

w that spacecraft heat up during reentry becaute the air in front of them is compreg
«tremely hot. They also know that heat shields, spacecraft shape, and controlled
ther to keep the vehicle from burning up completely.

Possible Syp lwde:

= Ajr in frofef a fas spacecraft is compressed and becomes extremely hot
= Heat shield Migs nd carry heat away from the spacecraft

= A blunt spacecr the vehicle during reentry

* Regntry anghe must
= Spacecraft survive becaliimpthere is no real heating durng reentry
Mo single observation fully expls pacecraft do not bures

M pletely du ‘\

You are a sclence detecthve assigned to investigate this reentry mystery. $

Your Mission .

= [dentify wha* = heating during reentry

= Analyr- : v ‘nacecraft

= Trar ‘ry angle affect survival

L1} ampletely during reentry

LI t you discowver,
jurn Up Completely During Reentry?
JInderstanding Why Spacecraft Don't Burn Up
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A complete student case file

with guided worksheets for
every step of the investigation.
10 detailed evidence cards
based on heat shield
research as well as real-world
examples that include images,
graphs, and text.
A full teacher answer key
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Interpretation & Recording Data
to Determine Culprit

10 Evidence Cards

Full investigation
breakdown

Evidence Card 3 = Blunt Capsule Shape
Many crew capsules use a blunt, rounded shape that helps keep the hottest gas away
from most of the spacecraft

Detective Prompt: Why would spacecraft shape matter during reentry?

Evidence Card 4 - Ablative Shield

Sarme heat shields slowly char, melt, or break away during reentry, carrying heat away
fram the spacecraft,

Detective Prompt: How could losing part of the heat shield actually help protect the
vehicle?

Evidence Card 5 - Cooler Interior
After reentry, the outer heat shield may be badly damaged while the inside of the
capsule remains safe for astronauts or equipment.

Detective Prompt: What does this suggest about where the heat g




HOW THIS ACTIVITY HELPS YOU

> Saves prep time with a fully structured, 10-PART INVESTIGATION

print-and-go investigation. Students:
- - ; ; 1. Step into the role of a Science Deatective
> DI'IVGS hlgh engagement Whlle Stl” 2.Examine real scientific spate evidence

meeting academic goals as students are  adbevond.

3.Track the pathway of how heat shields protecx

interested in what they’re doing. tse%m:glss upon feentry using science and

> Builds deep understanding with real- 4. Interrogate suspects (reentry angle, materials,

spacecraft shape, gtc.) and identify the main

world relevance as the students culprits.

5.Build a scientific case usiag Claim-Fvidence 4§

analyze real evidence, make Reasoning.
: : : 5. Propose real solutions that matter.
ConneCtlonS1 and USlng CER to eXplam ) ¢ The added images and graphs enhanced the activity. M

students were engaged and motivated during the case study, and it was

eve ryd ay S pace p h enomena. an effective introduction to the topics. - Mystery Resource Buyer 99



HOW THIS MYSTERY

WILL HELP YOU

> Prep-FREE and fully editable Mystery Investigation - just

print/upload and assign with no materials.

Y>> Evidence Cards can be printed with and without images or
projected on board.

> Engages every learner through hands-on, high-interest
mystery investigations that boost motivation and participation.

>> Builds essential skills such as graph interpretation, problem-
solving, teamwork, creativity, and communication.



What Will Your
Students Learn?

FULLY EDITABLE AND READY-
TO-GO INVESTIGATION

FULL
ANSWER KEY
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RUBRIC EVIDENCE
oo CARDS |
W % W W W This is very well crafted and it great to use for a subplan but
also when | am in-class with students. They enjoy the detective layer of the

work and it kept the students engaged. - Mystery Resource Buyer

@ What causes a spacecraft to heat up during
@ reentry
How compressed air creates dangerous heating
/ around a spacecraft
How heat shields protect a spacecraft during
@ reentry
What ablative heat shields do and why they can
safely wear away
@ Why spacecraft shape matters during reentry
Why reentry angle must be carefully controlled
@ Why damaged thermal protection systems are

@ dangerous
Why small unprotected objects burn up more easily

@ than spacecraft
How to use Claim-Evidence-Reasoning (CER) to
support scientific explanations

@ How engineering makes safe spacecraft return
nossible



Classroom Fit Guarantee

| want you to feel confident when you purchase from Teach With Fergy. If a
resource Is not the right fit for your students, simply contact me and I'll provide
double your purchase amount in store credit toward another resource in my store.
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The Spaceship Heat Shield Mystery

Part 1 — Mission Briefing & Case Overview
Name: Date:

Case File #663 — The Spaceship Heat Shield Mystery

A team of students is preparing for a simulated spacecraft return mission when they discover a major
problem. Spacecraft returning to Earth travel at extremely high speeds. As they rush back into the
atmosphere, the air around them changes rapidly and temperatures become dangerously high.
During the investigation, students notice that spacecraft do not survive reentry by luck. They are
carefully designed with heat shields, special shapes, and controlled reentry paths. Students also learn
that not every object survives reentry. Small meteoroids and pieces of space debris often burn up,
while crew capsules and some spacecraft are built to withstand the journey.

In one example, the outer surface of a returning capsule became blackened and worn, but the inside
remained safe. In another, engineers explained that some heat shields protect a spacecraft by slowly
burning, melting, or breaking away, carrying heat with them. Students also found that a spacecraft’s
angle and shape affect how much heating it experiences.

Scientists know that spacecraft heat up during reentry because the air in front of them is compressed
and becomes extremely hot. They also know that heat shields, spacecraft shape, and controlled
reentry work together to keep the vehicle from burning up completely.

Possible explanations include:

= Air in front of a fast-moving spacecraft is compressed and becomes extremely hot

* Heat shield materials resist heat and carry heat away from the spacecraft

* A blunt spacecraft shape helps protect the vehicle during reentry

» Reentry angle must be carefully controlled

* Spacecraft survive because there is no real heating during reentry

No single observation fully explains why spacecraft do not burn up completely during reentry.

You are a science detective assigned to investigate this reentry mystery.
Your Mission

* |dentify what causes extreme heating during reentry

* Analyze how heat shields protect spacecraft

* Track how shape, materials, and reentry angle affect survival

* Explain why spacecraft do not burn up completely during reentry

The success of the mission depends on what you discover.

Part 2 - Background: Why Don’t Spacecraft Burn Up Completely During Reentry?
Read the background information provided “Understanding Why Spacecraft Don’t Burn Up
Completely During Reentry” then answer:

1. What causes a spacecraft to heat up during reentry?

2. How does a heat shield protect a spacecraft?

2 wWAhw Aasen’t 2 enararrsfe Boarn 1im camelatahs doring raarntrme D

Part 1 — Mission Briefing & Case
Overview

Students take on the role of science
detectives and are introduced to how heat
shields keep spaceships safe.

Part 2 — Understanding Why Spacecrafts
Don’t Burn Up Completely During
Reentry.

Students read a short background passage
and answer guiding questions to build
foundational understanding before
analyzing evidence.



Part 3 — Evidence Log
Students begin examining the evidence cards and

record key information, observations, and insights

Part 3 — Evidence Log

For each Evidence Card, answer the questions below in 1-2 sentences in the chart.
1. Summarize the evidence in your own words.
2. Choose the one category that best fits each piece of evidence.

] | ] | ]
E Cawusle fvid . DE Ptathwav O Impact I n t h e I r e VI d e n C e I O A reentry path that is too steep can cause extreme heating, while one that is !
Xample Evidence Log Entry u may not slow the spacecraft enough.

Evidence Card 6 — Steep vs. Shallow Path

This evidence suggests a pathway because changing conditions around the spacecraft require a
protective system response.

APOLLO-TYPE LUNAR RETURN ENTRY TRAS ORIES

Evidence # Key Understanding

1
Evidence Card 3 — Blunt Capsule Shape

2 Many crew capsules use a blunt, rounded shape that helps keep the hottest gas away

3 from most of the spacecraft.

4

S Detective Prompt: Why is the angle of reentry important?

6

7 ; Evidence Card 5 — Cooler Interior
m After reentry, the outer heat shield may be badly damaged while the inside of the

: Detective Prompt: Why would spacecraft shape matter during reentry? capsle remams ‘ fr g0 nats o qmpmem‘

9 4 JQ » &~ [

10

Part 4 — Suspect List
Why Don’t Spacecraft Burn Up Completely During Reentry?

Rank the suspects from 1 (most responsible) to 5 (least responsible). i T o E v

. . | 5 d

Ranking Suspect Why You Ranked It This Way u I SRR = T .
Reentry angle must be carefully Detective Prompt: What does this suggest about where the heat goes?
controlled

Spacecraft survive because there
is no real heating during reentry

Students rank possible issues, defend their

and carry heat away from the
spacecraft
A blunt spacecraft shape helps

choices, and determine which suspect IS most

becomes extremely hot

responsible for the problem.



EVIDENCE CARDS

Y>> All Evidence Cards come in two versions -
With images and graphs and Without and can
be printed or projected as needed. Note: Both

from most of the spacecraft.

[

Evidence Card 4 — Ablative Shield

Detective Promp&VVhy would spacecraft shape matter d

Evidence Card 3 - Blunt Capsule Shape
Many crew capsules use a blunt, rounded shape that helps keep the hotte

contain data tables

recor
1. Su

What causes it
Pathway
Its impact

the following in th

>Students analyze each Evidence Card and
eir Evidence Log
marize the evidence in their own words.
2. Determine what this e

vidence suggests

Some heat shields slowly char, melt, or break away during reentry, carrying heat away
from the spacecraft.

Detective Prompt: How could losing part of the heat shield actually help protect the
vehicle?

Evidence Card 5 — Cooler Interior
After reentry, the outer heat shield may be badly damaged while the inside of the
capsule remains safe for astronauts or equipment.

. » =

Part 3 - Evidence Log

or each Evidence Card, answer the questions below in 1-2 sentences in the chart.
Summarize the evidence in your own words.

oose the ane category that best fits each piece of evidence.

. 2 5 R Way O Impact
Detective Prompt: W

ay because changing conditions around the spacecraft require a

Key Understanding

Part 4 - Suspect List
Why Don’t Spacecraft Burn Up Completely During Reentry?

Rank the suspects from 1 (most ible) to 5 (least responsible)
Ranking Suspect Why You Ranked It This Way
Reentry angle must be carefully
controlled

Spacecraft survive because there
is no real heating during reentry

Heat shield materials resist heat
and carry heat away from the
spacecraft

A blunt spacecraft shape helps
protect the vehicle during reentry
Air in front of a fast-moving

3. Explain what question(s) this evidence raises

for them?

spacecraft is compressed and
becomes extremely hot

Images

Graphs

Evidence Cards — No Images
Evidence Card 1 - High-Speed Reentry
A returning spacecraft enters Earth’s atmosphere at extremely high speed.

Mission / Return type Reported atmospheric Approx. km/h

spacecraft | |_entry or re-entry speed
Apollo 8 Command | Return from the Moon 24,696 mph 39,746 km/h
Module | |
Artemis | Orion Return from lunar-distance | 24,581 mph 39,560 km/h

| mission

Orion EFT-1 High-energy test return about 20,000 mph about 32,200 km/h
Soyuz crew Return from low Earth 28,800 km/h about 17,895 mph
capsule | orbit
Typical low Earth General orbital return near 17,500 mph about 28,160 km/h

orbit re-entry

ePrornpt:‘ Why would very high speed make reentry more dangerous?

rd 2 - Compressed Air Heating

of the spacecraft is squeezed tightly during reentry, causing it to become
hot.

rompt: How could compressed air create dangerous heating?

rd 3 — Blunt Capsule Shape

capsules use a blunt, rounded shape that helps keep the hottest gas away
of the spacecraft.

rompt: Why would spacecraft shape matter during reentry?

rd 4 — Ablative Shield

shields slowly char, melt, or break away during reentry, carrying heat away
cecraft

rompt: How could losing part of the heat shield actually help protect the

rd 5 — Cooler Interior

ry, the outer heat shield may be badly damaged while the inside of the
ains safe for astronauts or equipment.

rompt: What does this suggest about where the heat goes?

Text
Only




Part 5 — Pathway Tracking
Students determine the scientific pathway
responsible for reentry heat shielding.
Part 6 — Impact Analysis
Students analyze how heat shields are
designed to protect the ship and crew
using evidence from the case to support
thelr answers.
Part 7 — The Big Question
womee | Students synthesize all their learning to
- explain the main cause of the problem or
ISsue In this case.

ecraft during reentry?



Part 8 — Claim-Evidence-Reasoning (CER)
Part 8-10 Students write a structured scientific
argument, making a claim, supporting it with
evidence, and explaining their reasoning for
how spaceship heat shields are
engineered.

Part 9 and 10 — Solutions and Reflection
Students propose realistic actions at the
personal, school/community, and
scientific/environmental system levels,
moving from awareness to problem-solving.




Understanding Why Spacecraft Don’t Burn Up Completely During Reentry

Spacecraft returning to Earth face one of the most dangerous parts of any mission. As they reenter the
atmosphere, they travel at extremely high speed and encounter rapidly changing conditions. The
outside of the spacecraft can become exposed to intense heating, which is why return vehicles must be
carefully designed. A safe reentry depends on heat protection, spacecraft shape, and a controlled path
back through the atmosphere.

Full Teacher Answer Key

A spacecraft heats up during reentry because air.is > compressed and becomes extremely
hot. As the spacecraft rushes into.t- air out of the way very quickly. That air is
squeezed tightly and 5. This creates dangerous heating around the

outside of the ~around it glow brightly during reentry.
Teacher Answer Key
Part 2 - Background Questions A
1. What causes a spacecraft to heat up during reentry? ' “
A spacecraft heats up during reentry because air in front o”

SraTay hot. Part 4 — Sample Suspect Ranking

ing high temperatures and carrying heat away from the
ablating. Some heat shields are made of materials that slowly
ough this damages the outside of the shield, it helps remove heat
the inside. Other thermal protection systems use special tiles or layers

2. How does a heat shield protect a spacecraft?
: o Ranking Suspect Explanation N
A heat shield protects a spacecraft by resisting high tempe - : - — ~ - d help keep the vehicle safe.
. ) . . 1 Heat shield materials resist heat and The heat shield is the main protective system
the vehicie, often by SHarming, MeRing. or sbiatig, carry heat away from the spacecraft that keeps the spacecraft from burning up
i :’::a:::::ﬂ':;::f:;mﬁ :::;"m':f;:]:';:::::'e:'::;:: completely. doesn’t burn up completely during reentry because its heat shield, shape, and controlled
controlled reentry are designed to protect it from extreme 2 Air in front of a fast-moving spacecraft | This is the main source of the dangerous ry are designed to protect it from extreme heating. A blunt spacecraft shape helps manage where
': compressed and becomes extremely | heating during reentry. the hottest gases go and keeps the most dangerous heating away from much of the vehicle. The
Part 3 - Evidence Log — Key Points 3 R::ntrv T T it erais hlos ol reentry angle also matters because a spacecraft that enters too steeply may heat too quickly, while
) .
Evidence # Kay Understand santefiad IR LTINg Teties one that enters too shallowly may not slow down enough. Engineers must balance these factors
1 This evidence suggests a cause because high spee — full
more dangerous 4 A blunt spacecraft shape helps protect | Shape is impp caretully.
2 This evidence suggests a pathway because compr She eticle durl.ng reentry . W . . . . .
becomes extremely hot and creates reentry heatii 5 Spalcecraf‘t survive because there is no Not every object survives reentry. Small meteoroids and pieces of space debris often burn up because
3 This evidence suggests a pathway because a blunt real heating during reentry they do not have strong protection systems. This shows that a spacecraft survives reentry because of
hottest gases go during reentry. ‘ rk together to protect
4 This evidence suggests a pathway because an abl: :art 5= ';:th:“' T:ackln:E rth d and
charring, melting, or breaking away. l:‘raace':ra : urnsI T\w::) t: " > P 'tesslf da" Rubric Names: Date:
5 This evidence suggests an impact because the dar ECTRES GEESIIST S s =P ENISERD Section Criteria Level 4 Level 3 Level 2 Level 1 Lo
that the heat shield absorbs and redirects heating reentry reduces risk - the spacecra Part2- Understanding | Answers are accurate, thorough, and Answers are accurate Answers are partially correct Answers are bri nging astronauts,
- . Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incomplete or ecraft shapes. the
6 This ewdence suggests a cause because reentry at Part 6 - Impact Analysis Questions | Concepts vocabulary inaccurate pes, they
slowing. Impact of Reentry Heating Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading | Does not reference
7 This evidence suggests an impact because missing d hastin s o ft e TN i d from Reading | background reading to support answers | most answers reading
spacecraft to dangerous heat. Reentry creates a_ngerous eating becal . st spacecra ‘compresses the airintronto . i, an Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most .
8 This & iance SUCIEE!E 3 CRSS DECOUES UNDIOtect that compressed air becomes extremely hot. This means the outside of the spacecraft can face intense of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides science and
g8 P thermal stress during return. Without protection, the spacecraft could be badly damaged or destroyed. explains reasoning with clear explanations | incomplete little explanation ields, spacecraft
protected spacecraft. Impact of Heat Shield Protection Use of Scientific | Consistent, precise scientific vocabulary | Appropriate scientific Limited or inconsistent Minimal scientific return possible
A : ; \ .
9 This ewdence suggests an impact because Fhe glo Heat shields protect spacecraft by resisting high temperatures and carrying heat away from the Language — vocahulary __{vocibulary language
heating conditions become around the vehicle. hicle. S heat shields do this by ablati hich rts of the shield ch It break anking & Ranking is logical and fully supported Ranking is mostly logical | Ranking is partially supported | Ranking lacks
10 This evidence suggests a cause because successfu vehicle. .ome _ea shie 5 0 this by ? ating, whic m-ear.'ls parts of the shield char, melt, or brea ation with case evidence with some evidence but reasoning is weak evideneeorlogical
ive f ki h away while taking heat with them. This helps keep the inside of the spacecraft much cooler and safer. support reasoning
protective features working together. Impact on Mi Clearly traces accurate multi-step Shows correct pathway | Shows limited or partially Pathway is unclear or
shape, materi pathway showing how the problem with minor gaps accurate connections inaccurate
heating the sp Jis EREUUIitie Dy
hif h explanation of system-level Explains most effects Partial understanding Limited
enough if the correctly understanding
on the whole ellular impact Mostly accurate Basic or incomplete Inaccurate or missing
explanation explanation explanation
Part7-TheB all health General connection Limited connection No clear connection
made
Spac_ecraft_ d‘D ‘ ‘ _aing Clear explanation using | Basic explanation with limited | Minimal or
heatlng. Air in ' some evidence evidence unsupported
protects the s explanation
reentry angle /,«ﬂ?fi:alh.r accurate Clear but somewhat Claim present but vague Claim unclear or
depends on h general claim missing
levant pieces of case Some relevant evidence | Limited or weak evidence Evidence missing or
,.:o'e( used used irrelevant
rly explains how evidence supports | Reasoning mostly clear | Limited reasoning connection | No clear reasoning
e ——————— saln using cence concops e miner g
e Thoughtful personal, community, and Practical solutions in Basic or incomplete solutions | Solutions missing or
e . medical/system solutions most categories unrealistic
.
rifloughtlulness Deep reflection with personal Clear reflection Basic response Minimal effort
//r& Insight connection




Space Exploration Detective
Mystery Bundlie

Get all my Space Exploration Mystery Activities at a SPACE EXPLORATION
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