
Figure 11: Tumbleweed after being sprayed 
with our final iteration of a hydrogel- 
dispensing hose attachment. (12)

Sprayable Hydrogels for Preventing 
the Rekindling of Wildfires

Abstract

Introduction

The goal of this project was to find a hydrogel product capable of keeping wildfires from 
reigniting.  The first test we did to identify the best hydrogel was to take 9 different 
hydrogels and test how well they retained water in an oven.  We then took the most 
successful hydrogels and tested how well they stuck to a vertically hung leaf.  We also tested 
how fast they hydrated, then measured the cooling capability of different hydrogel-water 
mixtures using hot coals.  We found that 100% sodium polyacrylate was the optimal 
hydrogel for keeping wildfires from rekindling.

We then designed and tested 8 different iterations of a water hose attachment that can be 
used to spray hydrogel on recently burned areas.  Our final iteration uses Bernoulli’s 
principle, the Venturi effect, and entrainment to suck the dry hydrogel into the water stream.

Wildfires have been an increasing 
problem in California due to 
climate change.  The recent 
Palisades fire was one of the most 
expensive on record, costing an 
estimated $250 billion dollars.  The 
Palisades fire was caused when an 
earlier fire, the Lachman’s fire, was 
extinguished above ground but still 
smoldered underground.  6 days 
later, strong winds pushed the fire 
above ground into vegetation and 
started the Palisades fire.

Out of the many types of fires, the 
hardest types to extinguish are 
zombie fires (such as the Lachman’s 
fire), rekindling, and spot fires. 
Zombie fires occur when a fire is 
extinguished above ground but 
remains burning below ground. 
Rekindle fires are when the inside 
of a burned material still has 
enough heat that it can reignite in 
strong wind.  Finally, spot fires are 
fires caused by embers, pieces of 
extremely hot floating material that 
can travel for miles and cause a new 
fire, spreading the fire dramatically.  
All of these have one thing in 
common: they require a lot of time 
and effort to stop.  This means that usually the best firefighters can do is spray them with 
water before leaving to combat other parts of the fire.  This creates a challenge for 
firefighters, who need to prevent re-ignition while also fighting the active fire.

Process

Functional 
Prototype(3)

• Test moisture retention
under applied heat

• Test adhesion to vegetation

• Test hydration speed

• Test re-ignition prevention
of hot coals

• Hydrogel distribution
method

• Suction generation

• Feeding

• Hydrogel container

• Anti-clogging measures

1. Select optimal hydrogel

2. Determine rekindling
prevention capabilities

3. Design, test and
iterate spray methods

Bernoulli’s principle:
P1 + ρgh1 + ½ρv1² = P2 + ρgh2 + ½ρv2² 

Venturi effect: as an
incompressible fluid moves 
through a narrow point in a tube, 
the speed increases as the 
pressure decreases.

Entrainment: a physics
principle in which a fast moving jet of water sucks in nearby matter and 
transports it with the stream, leaving behind a zone of localized suction. 

1.Selecting Optimal Hydrogel

2. Determining Rekindling Prevention Capabilities

3. Iterative Design and
Testing of Hydrogel Sprayer

Results

Figure 10: Concrete after being sprayed with 
our final iteration hydrogel-dispensing 
hydrogel sprayer. (11)
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Henry Grover and Jack Grover

Graphical References
(1) Soucy, Jon, Sgt.1st Class Jon Soucy, US Army (2025, January 15). Homes Destroyed in the Palisades Fire. Wikimedia.
https://commons.wikimedia.org/wiki/File:Homes_destroyed_in_the_Palisades_fire_(54272193113).jpg (public domain)
(2) CAL FIRE (2025, January 8). Palisades Fire. Wikimedia. https://commons.wikimedia.org/wiki/File:Palisades_Fire_(54254471791).jpg (public
domain)
(3) Graphic made by finalists using Adobe Illustrator with icons adapted from The Noun Project, https://thenounproject.com, 2026.
(4) Graph made by finalists in Google Sheets, 2025. Right: photographs taken by finalists, 2025.
(5) Graph made by finalists in Google Sheets, 2025.
(6) Graph made by finalists in Google Sheets, 2025.
(7) Photographs taken by finalists, 2025. Graph made by finalists in Google Sheets, 2025.
(8) Photographs taken by finalists, 2025.
(9) 3D model by “bqzero” (2015, January 18). Venturi / Water-Jet Pump. Thingiverse. https://www.thingiverse.com/thing:641103
(10) Photographs taken by finalists and edited in Canva to remove backgrounds, 2025.
(11) Photograph taken by finalists, 2025.
(12) Photograph taken by finalists, 2025.
(13) Graphic made by finalists using Adobe Illustrator with icon adapted from The Noun Project, https://thenounproject.com, 2025.

General References
1. Vincent, R. (2025, January 24). Estimated cost of fire damage balloons to more than $250 billion. Los Angeles Times. https://www.la-

times.com/business/story/2025-01-24/estimated-cost-of-fire-damage-balloons-to-more-than-250-billion.
2. Papp, B. (2025, January 31). Maps: See updated damage assessments for Eaton and Palisades fires. NBC Los Angeles. https://ww-

w.nbclosangeles.com/news/california-wildfires/map-damage-assessment-eaton-palisades-fire/3620536.
3. Smith, H. (2023, July 3). As California fire season begins, debate over wildfire retardant heats up. Los Angeles Times. https://www.la-

times.com/california/story/2023-07-03/california-debate-over-wildfire-retardant-is-heating-up.
4. Khan, S. (nd) Finding flow rate from Bernoulli’s equation. Khan Academy. https://www.khanacademy.org/test-prep/mcat/physical-pro-

cesses/fluids-in-motion/v/fluids-part-12.
5. Wait, T. (2025, October 8). How an underground fire turned into the Palisades Fire. CBS Los Angeles. https://www.cbsnews.com/losange-

les/news/holdover-ground-fire-palisades-los-angeles.

(13)

Direction of 
water

Direction of 
hydrogel

Kappa Carrageenan
Methylcellulose HV
Pectin
Sodium Polyacrylate
Potassium Polyacrylate
Water
Cellulose
Chitosan
Methocel F50
Foam Magic

100

80

60

40

20

0
45 6030150

Time (min)
H

yd
ro

ge
l W

ei
gh

t (
g)

Dehydration Rate of Saturated Hydrogels

40

0

5

10

15

20

25

30

35
Kappa Carrageenan
Methylcellulose HV
Sodium Polyacrylate
Potassium Polyacrylate
Water
Methocel F50
Foam Magic

Pe
rc

en
t o

f M
at

er
ia

l R
em

ai
ni

ng
Adhesion of Hydrogels on Vegetation

Time = 0 min, 100 mL Added

1. Kappa Carrageenan
2. Methylcellulose HV
3. Pectin
4. Sodium Polyacrylate
5. Potassium Polyacrylate

3 4 5 6 7 8 9 101 2

Time = 45 min

6. Water
7. Cellulose
8. Chitosan
9. Methocel F50
10. Foam Magic

W
at

er
So

di
um

 
Po

ly
ac

ry
la

te

3 hrs1.75 hrs 9.5 hrs 25.25 hrsElapsed Time = 0 hrs

Time (min)

W
ei

gh
t o

f H
yd

ro
ge

l (
g)

0 50 100 150 200 250

10

20

40

60

70

50

30

0

Hydration Speed of Polyacrylate Hydrogels

Sodium Polyacrylate
Potassium Polyacrylate

• Uses plain suction.
• Observations:  air escapes, preventing proper

suction at the intended point.

• Added longer nozzle to fix suction.
• Observations:  needs hydrogel container.

• Gravity now helps feed the
hydrogel.

• Observations:  the dry
hydrogel gets stuck in part of
the PVC pipe.

• A 3D printed funnel
prevents hydrogel from
getting stuck.

• Observations:  the extra
hydrogel causes the
sprayer to clog.

• Added a hydrogel container.
• Observations:  the vacuum alone isn’t

powerful enough to suck up the hydrogel.

• A valve allows for manual
hydrogel flow rate
adjustment. Funnel stability
improved.

• Observations:  The nozzle
still clogs.

• A new design reverts back to
using only suction.

• Observations:  needs
container

• Added container + hose.
• Observations:  works well, doesn’t suck up

too much hydrogel and clog.
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Cooling Capability of Polyacrylate Mixtures on 
Charcoal Briquettes
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Figure 1. Houses engulfed by flames during the 
Palisades Fire. (1)

Absorbs water quickly

Absorbs water slowly

Figure 3: A test of 9 saturated hydrogels at 200 degrees Celsius and their 
mass measurements over 1 hour. Left: Mass of hydrogels over time. 
Above: Images of hydrogels before (top) and after (bottom) 45 minutes in 
the oven. Red box shows polyacrylates and water. (4)

Figure 4: A test of hydrogel adhesion to a hanging leaf. 1 g of hydrogel hydrated in 
100 mL of water, let sit for 30 min. Solid hydrogels strained before applying to leaf. (5)

Figure 5: Hydration speed of polyacrylate hydrogels over 3 hours. 0.5 g of hydrogel  
hydrated in excess water over 3 hours. Hydrogels strained before weighing.  (6)

Figure 6: Above: Normal and thermal images of hot charcoal briquettes treated with 0%, 
25%, 50%, 75%, and 100% mixtures of hydrogel in water. Right: Charcoal briquette 
temperatures after adding 10 g of different hydrogel and water mixtures. (7)

Figure 7. Images of plain water and a 
hydrogel-water mixture applied to a 
concrete driveway, comparing how long 
they last before evaporating away. 
Equivalent volumes of water were 
applied to both squares. Wet hydrogel is 
still visible over 25 hours later, while 
plain water evaporated after only 1.75 
hours. Outside temperatures ranged 
from 16-23 °C. (8)

We have successfully shown that sodium polyacrylate 
hydrogel outperforms plain water in preventing wildfire 
rekindling, and demonstrated a simple hose attachment 
that can be used by firefighters to spray hydrogel.
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Figure 2. The damage to a neighborhood after the 
Palisades Fire was extinguished. (2)

Figure 8: Cross-sectional view of spray nozzle. (9)

Figure 9: Design iterations of hydrogel sprayers. (10)
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