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Abstract 

Hand drying in a hand dryer is a bi-modal process. This physical reality—invisible in 
manufacturer specifications, absent from certification testing, and undisclosed in marketing 
claims—substantially explains why commercial hand dryers universally fail to deliver 
advertised performance. 
 
Loose Water (0–10 seconds): Water that is loosely held on hands disperses rapidly when air 
shear is applied. This phase is dramatic, visible, and accounts for 70–80% of total water 
removal. 
 
Bound Water (10+ seconds): Water that is more firmly held to skin disperses more slowly 
under air shear. The binding forces are stronger than those holding loose water, though the 
specific mechanisms are not determined by this research. 
 
Both loose and bound water disperse into the environment—onto walls, floors, air, and users. 
Some minimal, untested amount, evaporates. Manufacturers and certifiers claim 8–12 second 
drying times with thresholds of 0.1–0.25 grams residual moisture. Across 460 trials spanning 
Dyson, Excel Dryer (Xlerator), and World Dryer units in functioning public restrooms, zero 
achieved specification compliance at claimed times. Removing all water requires 70–90 
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seconds—not 8–12.Performance curves from all three manufacturers demonstrated 
convergent correlation coefficients, including loose and bound removal rates, exceeding r = 
0.99 across all pairwise comparisons (p < 0.001). This convergence reflects the physical reality 
that all dryers face the same two populations of water with the same removal characteristics. 
Failure to dry at specified times cascade across every downstream claim: energy consumption 
is 7–10× higher than specified, and users face an impossible choice between inadequate 
drying or extended exposure to amplified microbial contamination. 
 

 
 
This paper is part of an eleven-study series examining hand hygiene practices in public 
restrooms. The papers were written in chronological order as testing evolved. Earlier 
papers are left largely as they were written at the time for detail, historicity, and clarity. 
Studies in this series may be referenced in each document by series number (Paper 1-11) 
or by citation number in the reference list: 
 

Transmission of Bacteria and Fungus via Dyson and Xlerator Hand Dryers in Starbucks, Home 
Depot and Whole Foods Restrooms: A Comparative Analysis; Blouch, R. A. Jr. (2025) MAIN 
STUDY [Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.15504115 
PAPER [1] 

Testing the Validity of Hand Dryer Drying Time Specifications: A Quantitative Study of Residual 
Water on Dyson and Xlerator Dryers in Retail Store Environments; Blouch, R. A. Jr. (2025) 
[Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.15503698 PAPER 
[2] 

Visual Analysis of Water Dispersion Patterns During Hand Drying: A Qualitative Comparison of 
High-Speed Air Dryers and Paper Towels; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from 
www.handdryerstudy.com/. DOI: 10.5281/zenodo.15503304 PAPER [3] 

Bacterial and Fungal Contamination Assessment of Paper Towel Types: A Quantitative Analysis 
of White versus Brown Varieties in Retail Restrooms; Blouch, R. A. Jr. (2025) [Preprint] Retrieved 
from www.handdryerstudy.com/. DOI: 10.5281/zenodo.15504144 PAPER [4] 

Systematic Performance Failure in Commercial Hand Dryers: A Large-Scale Quantitative 
Analysis of Time-To-Dry on Hands in Dyson and Xlerator Hand Dryers in Public Restrooms; 
Blouch, R.A Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI: 
10.5281/zenodo.17858443 PAPER [5] 

Baseline Water Mass on Freshly Washed Hands: Establishing Reference Values; Blouch R. A. Jr. 
(2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.17858834 
PAPER [6] 

An Empirical Refutation of Green Energy Claims for Dyson and Xlerator Hand Dryers in Use in 
Public Restrooms; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/. 
DOI: 10.5281/zenodo.17859198 PAPER [7] 
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Catastrophic Time-To-Dry Failures by Dyson, Excel and World Dryer Hand Dryers via the Bi-
Modal Loose Water and Bound Water Mechanism: A Comprehensive Definitive Analysis; 
Blouch, R. A. Jr. (2025) [Preprint] Retrieved from www.handdryerstudy.com/. DOI: 
10.5281/zenodo.17869567 PAPER [8] 

Validation of Hand Dryer Microbial Amplification Using Broad-Spectrum Growth Media: A 
Replication Study with Enhanced Detection Methodology; Blouch, R. A. Jr. (2025) [Preprint] 
Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.17859894 PAPER [9] 

The Wandering Plume of Filth: A Randomized, Empirical Assessment of Visible Wall 
Contamination Radiating from Commercial Hand Dryers Versus Paper Towel Dispensers in 
Functioning Public Restrooms; Blouch, R. A. Jr. (2025) [Preprint] Retrieved from 
www.handdryerstudy.com/. DOI: 10.5281/zenodo.17860971 PAPER [10] 

Performance Failures in Commercial Hand Dryers: An Historical Synthesis and Sequential 
Summary Review of an Eleven-Study Research Program; Blouch, R. A. Jr. (2025) [Preprint] 
Retrieved from www.handdryerstudy.com/. DOI: 10.5281/zenodo.18322481 PAPER [11] 

 

 

Part I: The Investigation 

This section documents the methodological evolution of the research program through 
narrative. The reader will understand how each finding led to the next question, culminating in 
a pre-registered prediction that was subsequently confirmed. 

Section 1: The Initial Question (March 2024) 

The investigation began during an unrelated study of microbial contamination in hand dryer 
airstreams. In preparation for conducting field testing across approximately 110 retail public 
restroom locations in four Mid-Atlantic states and the District of Columbia, we did an informal 
estimation of how long it took to dry hands in a hand dryer. Hands were dryish at 60 seconds 
so we used 60 seconds as our testing metric when exposing petri dishes. We later discovered 
that the published literature was generally in agreement with a 60 second drying or sampling 
time. We had estimated well. 
 
Halfway through testing we discovered that manufacturers and certifiers had established 
standards for dryness – 0.1g and 0.25g residual water and claimed that hand dryers reached 
those levels in 8 or 12 seconds. We were shocked. No hand dryer we had ever used 
approached dry hands in 8 or 12 seconds. The claim was so outrageous it didn’t make sense, 
particularly given the fact a $1.5B industry seemed to hinge on it. Further testing for 
microorganisms continued to make it clear that hands were still soaked at 8-12 seconds and 
the cognitive dissonance became too large to leave unaddressed. This was not a subtle effect. 
Water visibly remained on hands. The sensation of dampness was unmistakable.  
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Section 2: First Systematic Testing (March 2025) 

To resolve this issue, we designed a measurement protocol from first principles: wash hands, 
weigh dry paper towels, dry hands completely with towels, weigh wet towels to establish 
baseline water mass. Then repeat: wash hands identically, use dryer for manufacturer-
specified time, absorb residual moisture with pre-weighed towels, weigh wet towels. 
We later discovered this methodology aligned closely with the testing procedures detailed in 
UL’s own Hand Dryer Product Category Rules (ULE_HandDryer_PCR_7-13-16) and NSF P335. 
We had independently designed what turned out to be the industry-standard test. 
 
March 6–7, 2025: 21 hand dryers tested across Central Pennsylvania—10 Dyson Airblade 
units, 11 Xlerator Standard units. Locations included Starbucks, Crunch Fitness, Giant, Home 
Depot, REI, Target, Chipotle, and 7-Eleven. 
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The results were unambiguous: 
Metric Dyson (n=10) Xlerator (n=11) Combined (n=21) 

Claimed threshold ≤0.1g ≤0.25g ≤0.25g (UL) 

Measured residual 2.69g 2.97g 2.83g 

Excess over claim 2,590% 1,086% 1,032% 

Compliance rate 0/10 (0%) 0/11 (0%) 0/21 (0%) 

Table 1. Initial testing results, March 2025. Statistical significance: t(20) = 22.91, p < 0.001, Cohen’s d = 5.00. 
 
The best-performing dryer left 1.80g of residual moisture—still 620% above Dyson’s 0.1g 
claim. The worst left 3.72g—1,388% above the UL threshold. Zero units achieved compliance. 
[8] 

Section 3: The Hypothesis Forms 

The 100% failure rate across both manufacturers suggested this was not a quality control 
issue with individual units. Both Dyson and Xlerator—representing fundamentally different 
engineering approaches (focused blade vs. distributed nozzle, hands-in vs. hands-under)—
failed identically. 

Section 4: The Time-To-Dry tests (2025) 

Continuing microbial testing along with continued investigation into manufacturers and 
certifiers claims increased our perplexity at what clearly seemed to be fraud because 
negligence at that level appears to be impossible. Plus every group was making the same 
claim for their dryers. Unless the physics in our restrooms were different than the physics in all 
of the testing labs of all the involved parties their claims were completely impossible but they 
were monolithic across the industry. We had the thought it might be interesting to see not how 
much water remains on hands at the claimed times but how long it actually took for hands to 
reach the claimed residual moisture levels. We designed a comprehensive time-series study. 
We measured residual moisture at intervals from 0 to 105 seconds: 0, 5, 10, 15, 20, 25, 30, 40, 
50, 60, 70, 80, 90, 100, and 105 seconds. 
 
This time our protocol incorporated the UL/NSF 5-second drip time standardization to give the 
dryers their best opportunity to succeed. Prior testing was straight from the sink into the dryer 
after a non-soap wash. As documented in Paper 6, this drip interval reduces baseline water 
from 7.31g (immediate real-world measurement) to approximately 6.5g—an 11% reduction 
that makes the drying challenge appear easier than real-world conditions [6]. Testing occurred 
across multiple retail locations in Central Pennsylvania, requiring approximately 3 hours per 
location to complete the full interval protocol. 
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Sample: 409 valid measurements across 8 dryer units—212 trials on Dyson Airblade V HEPA 
[9], 142 trials on Xlerator Standard, 55 trials on Xlerator ECO [10]. 
 

Technology Comparison Correlation (r) Interpretation 

Dyson vs. Xlerator Standard 0.9996 Near-perfect 

Dyson vs. Xlerator ECO 0.9995 Near-perfect 

Xlerator Standard vs. ECO 0.9992 Near-perfect 

Table 2. Cross-technology performance correlations. All correlations exceed r = 0.999 (p < 0.001), indicating 
functionally identical performance curves despite different engineering approaches. 
 
Correlations exceeding r = 0.999 are statistically extraordinary. These are not similar curves—
they are effectively identical curves. Three different dryer technologies, two different 
manufacturers, fundamentally different air delivery systems, and yet performance converges 
to the same pattern. 

Actual Time Required 

Dryer Model Claimed Time First Compliance Consistent Compliance 

Dyson Airblade V 12 seconds 80 seconds Never achieved 

Xlerator Standard 8 seconds 50 seconds 80 seconds 

Xlerator ECO 8 seconds 70 seconds 80 seconds 

Table 3. Time to specification compliance. ‘First Compliance’ = earliest trial achieving threshold. ‘Consistent 
Compliance’ = all trials at that interval achieving threshold. Dyson never achieved consistent compliance with its 
own 0.1g NSF specification at any tested interval up to 105 seconds. 

 

 

Section 5: The Prediction (December 4, 2025) 

With k=2 manufacturers showing identical patterns across all tests the framework predicted 
that any third manufacturer would demonstrate the same pattern. This prediction was formally 
documented before field testing. 
 
December 4, 2025 — Position Paper: “If P(manufacturer fails) = 0.1 (industry’s implicit claim 
that products work), then P(3/3 fail) = 0.1%. Performance curves from three independent 
manufacturers demonstrating convergent correlation coefficients exceeding r = 0.99 across all 
pairwise comparisons would yield joint probability under null hypothesis of p < 0.001.” 
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This document—reproduced in full as Appendix A—served as pre-registration. The prediction 
was explicit: World Dryer would produce the same performance curve because all dryers face 
the same two populations of water. 

Section 6: World Dryer Confirmation (December 5, 2025) 

Field testing occurred the day after the prediction was documented. 
 
Locations: Lowe’s (Mechanicsburg), Dunkin’ Donuts (two locations in Mechanicsburg). 
 
Sample: 30 trials—20 time-series measurements (0–80 seconds) and 10 claimed-time tests 
(12 seconds) across 5 World Dryer VerdeDri units [11]. 
 
The prediction was confirmed: 
 

Time (seconds) Mean Residual (g) UL Threshold Status 

0 6.65 ≤0.25g FAIL 

10 1.99 ≤0.25g FAIL 

12 (claimed) 2.13 ≤0.25g FAIL (752% over) 

20 0.91 ≤0.25g FAIL 

30 0.48 ≤0.25g FAIL 

40 0.24 ≤0.25g PASS 

50 0.18 ≤0.25g PASS 

60 0.15 ≤0.25g PASS 

Table 4. World Dryer VerdeDri performance curve. First UL compliance achieved at 40  
seconds—233% longer than 12-second manufacturer claim. Pattern matches  

Dyson and Xlerator curves. 
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Three-Way Convergence Confirmed 
 

Manufacturer Comparison Correlation (r) p-value 

Dyson vs. Xlerator 0.9996 <0.001 

Dyson vs. World Dryer 0.9943 <0.001 

Xlerator vs. World Dryer 0.9931 <0.001 

Table 5. Three-way manufacturer correlation matrix. Joint probability of all three correlations exceeding r = 0.99 
under null hypothesis (independent processes): p < 0.000000001. The prediction was confirmed. Three 
manufacturers with three different engineering approaches and effectively identical performance patterns. 
 
 
Section 7: BiModal Drying Revealed by the Math and Discovered by an AI (December 2025) 
 
As we were compiling the data and generating graphs to visualize the numerical runs, Claude 
Sonnet AI (Anthropic) began to mention bi-modal drying in his evaluations and statistical runs. 
After watching this repeat for a day in various discussions we became curious and asked him 
what he meant. He told us that the water in the dryers is removed at two different rates of 
speed first calling it early water and late water that hook at a dogleg occurring between 5-10 
seconds. We were initially resistant but once the concept had been formed it became 
inescapable to unsee when viewing the plotted data.  
 

 
Figure 1. The bimodal drying curve and removal rate decay. Left panel: Empirical data (n=431, black points 
with error bars) fitted to the bi-exponential model (blue line, R²=0.9998). The two component populations are 
shown separately: loose water (green dashed, t½=1.5s) and bound water (red dashed, t½=11.8s). Horizontal lines 
indicate UL (0.25g, orange) and NSF (0.10g, purple) compliance thresholds. Vertical dotted line marks 
manufacturer-claimed drying time (12 seconds), where residual water remains approximately 2.3g—over 2,000% 
above the NSF threshold. Right panel: Water removal rate on logarithmic scale, showing the transition zone 
(yellow shading, 5-15 seconds) where loose water depletion gives way to slow bound water removal. Initial 
removal rate (1.17 g/sec) exceeds final rate (0.0007 g/sec) by a factor of 1,682×. 
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An AI discovered an experimental element we had missed. The new frame of understanding 
emerged from the data itself: water on hands exists in two populations with different 
removal rates. Loose water disperses rapidly under air shear. Bound water disperses 
slowly. The binding forces differ; the specific mechanisms were not determined by this 
research. 
 
To our credit we recognized what had just occurred then spent two days pushing back and 
testing the hypothesis in an effort to break it. The deeper we went the more clear it became – 
the first water removed from hands leaves at a different rate than the later water. We named 
this Loose Water and Bound Water, formalizing it into the Bi-Modal Hand Dryer Drying Theory.  
 
This bi-modal framework generated testable predictions: 

1. All dryers would show rapid initial water removal followed by dramatic slowdown 
2. Performance curves would converge across manufacturers (same bound water 

characteristics) 
3. Any additional manufacturer tested would demonstrate the same pattern 

 
We backtracked through every prior raw data set individually. All were the same with r values 
of .998. At 5-10 seconds the initial water removal rate begins to slow, fully shifted at 10 
seconds through full dry at 80-90 seconds.  
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Figure 2. Model comparison: single-exponential vs. bi-exponential. Top left: Both models appear to fit the 
empirical data (n=431) adequately at full scale. Top right: Zoomed view (0-45 seconds) reveals systematic 
divergence of the single-exponential model (red) from empirical data points, while the bi-exponential model 
(blue) tracks precisely. Shaded regions indicate the loose water phase (red), transition zone (orange), and bound 
water phase (tan). Bottom left: Residual analysis exposes the critical difference. Single-exponential residuals (red 
bars) show systematic error—overestimating at 0-5 seconds, underestimating at 15-30 seconds, overestimating 
again at 60+ seconds. This S-shaped pattern is the mathematical signature of a model attempting to fit two 
processes with one equation. Bi-exponential residuals (blue bars) show only random scatter within instrument 
precision (±0.022g). Bottom right: The bi-exponential model eliminates 70× more variance (0.02% unexplained vs. 
1.41%), confirming that water on hands exists in two populations with different removal rates. 
 
This finding corroborates our direct experience arising from having had wet hands in dryers for 
460 testing cycles that most of the water blows off quickly and then it takes a long time for the 
remaining water to be removed. The subjective experience of 460 test runs suggests that the 
substantial majority of removed water disperses into the environment rather than by 
evaporating, confirmed by the qualitative visual analysis done in Blouch Paper 3 [13].  
 
A detailed statistical explanation of how the calculations were derived is in Appendix B.  
 
We make no claims as to the mechanism of this action as we did not test for it. Logically the 
surface adhesion action of bound water – hence the name – requires more energy and time to 
remove. Further testing is required.  
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Finally, this mechanism makes a claim of a 12 second hand dry to 0.1g of residual moisture 
impossible. The burden of proof is now on those making the claims to show otherwise.   
 

 

Part II: The Data 

This section presents what the data shows about water removal from hands. 

Loose Water vs. Bound Water 

Water on human hands after washing exists in two populations with different removal rates: 
 
Loose Water: Water that disperses rapidly under air shear. This includes droplets, pooled 
water, and films on relatively flat skin surfaces. Removal is fast—the majority comes off in the 
first 5–10 seconds. 
 
Bound Water: Water that disperses slowly under air shear. This includes water in skin texture, 
around fingernails, and in finger creases. The binding forces are stronger than those holding 
loose water. Removal is slow—requiring 60+ additional seconds. 
 
Both loose and bound water disperse into the environment when removed—onto walls, floors, 
air, and users. 

Baseline Hand Water 

Paper 6 established that hands carry 7.31g of water immediately after washing under real-
world conditions (95% CI: 7.10-7.52g) [6]. The testing protocols used in this study incorporated 
a 5-second drip interval per UL/NSF standards, which reduces baseline water to 
approximately 6.5g—an 11% reduction. 
 
This means dryers tested under standard protocols face a 6.5g removal challenge, while dryers 
in actual use face a 7.31g challenge—a 12.6% increase in required water removal that the 
testing standards do not capture. The 5-second drip interval gives manufacturers an artificial 
advantage in certification testing that does not exist in real-world use. 

The Data Signature 

Bi-modal drying produces a characteristic data signature: rapid initial decline followed by 
dramatic slowdown. The following table shows this pattern using Dyson data (the largest 
sample), with water removed per interval: 
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Interval Mean Residual (g) Water Removed (g) Phase 

0 sec 6.62 — Baseline 

0→10 sec 2.55 −4.07 Loose water: rapid removal 

10→20 sec 1.45 −1.10 Transition 

20→30 sec 0.88 −0.57 Bound water: slow removal 

30→40 sec 0.50 −0.38 Bound water: slow removal 

40→50 sec 0.35 −0.15 Bound water: slow removal 

50→60 sec 0.28 −0.07 Bound water: slow removal 

60→70 sec 0.20 −0.08 Bound water: slow removal 

70→80 sec 0.13 −0.07 Bound water: slow removal 

80→90 sec 0.11 −0.02 Bound water: asymptotic 

Table 6. Bi-modal drying signature. Water removal rate drops from 4.07 grams in the first 10 seconds to 0.02 
grams in the final interval—a greater than 200× reduction. 
 
The removal rate drops by more than 200× from first interval to last. This is not gradual 
tapering. This is two populations of water with different binding characteristics. 

Why All Manufacturers Produce the Same Curve 

The three-way correlation (r > 0.99 across all manufacturer pairs) follows directly from bi-
modal physics: 

• All dryers start with the same baseline water (~6.5g under testing protocols; 7.31g in 
real-world use per Paper 6) 

• All dryers remove loose water efficiently (minor differences between designs) 
• All dryers face the same slow-removal bound water population 
• All dryers asymptote toward the same residual floor (~0.1–0.15g) 

 
Since bound water removal dominates total drying time (50+ seconds of 80 total), and since all 
dryers face identical bound water characteristics, all dryers produce nearly identical 
performance curves. 
 

 

Part III: The Evidence 

Complete Time-Series Data (n=429) 
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Mean residual water (grams) by exposure time and manufacturer. Values show mean with (n) 
trials. Rows marked with * show interpolated values at manufacturer-claimed dry times. 
 

Time (s) Dyson Airblade V Xlerator Std Xlerator ECO World Dryer Notes 

0 6.62 (20) 6.22 (15) 6.75 (5) 6.65 (2)  

5 3.52 (20) 3.44 (15) 3.65 (5) —  

8* 2.94† 2.87† 3.02† 2.92† Interpolated 

10 2.55 (20) 2.49 (15) 2.61 (5) 1.98 (2)  

12* 2.29† 2.24† 2.36† 1.74† Interpolated 

15 1.90 (20) 1.87 (15) 1.99 (5) 1.36 (2)  

20 1.45 (20) 1.43 (15) 1.41 (5) 0.91 (2)  

25 1.12 (15) 1.16 (15) 1.03 (5) —  

30 0.88 (20) 0.81 (15) 0.84 (4) 0.47 (2)  

40 0.50 (14) 0.46 (11) 0.43 (3) 0.24 (2) WD passes 

50 0.35 (14) 0.37 (8) 0.32 (3) 0.18 (2)  

60 0.28 (11) 0.27 (5) 0.30 (3) 0.15 (2)  

70 0.20 (11) 0.20 (5) 0.23 (3) 0.16 (2)  

80 0.13 (10) 0.15 (5) 0.18 (3) 0.14 (2) All ≤0.25g 

90 0.11 (11) 0.09 (3) 0.15 (3) —  

100 0.10 (6) — — —  

105 — — 0.12 (3) —  

Table 7. Complete time-series data across all four dryer types tested. Note convergence: all manufacturers reach 
similar residual moisture levels by 70–80 seconds regardless of claimed specifications. 

Interpolated Values at Manufacturer-Claimed Dry Times 

What each manufacturer’s drying curve shows at their claimed specifications: 
 

Manufacturer Claimed Time Threshold Interpolated % Above Threshold 

Dyson Airblade V HEPA 12 sec ≤0.1g 2.29g 2,190% 

Xlerator Standard 8 sec ≤0.25g 2.87g 1,048% 

Xlerator ECO 8 sec ≤0.25g 3.02g 1,108% 
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Manufacturer Claimed Time Threshold Interpolated % Above Threshold 

World Dryer VerdeDri 12 sec ≤0.25g 1.74g 596% 

Table 8. Interpolated residual moisture at manufacturer-claimed dry times. All manufacturers fail their own 
specifications by 596–2,190%. 

Direct Claimed-Time Measurements (n=31) 

Independent validation: hands dried for exactly manufacturer-specified durations, then 
residual moisture measured directly: 
 

Manufacturer n Mean (g) Range (g) Compliance 

Dyson Airblade 10 2.69 1.80–3.64 0% 

Xlerator Standard 11 2.97 2.11–3.72 0% 

World Dryer VerdeDri 10 2.13 1.67–3.18 0% 

COMBINED 31 2.61 1.67–3.72 0% 

Table 9. Claimed-time test summary across all manufacturers. Combined failure rate: 31/31 (100%). Combined 
statistical significance vs. 0.25g threshold: p < 0.001, Cohen’s d = 4.53. 

 

Part IV: The k=3 Argument 

Traditional statistical analysis focuses on sample size (n). For establishing generalizability, the 
number of independent sources (k) is often more important. 

Why k Matters More Than n 

The existing Dyson/Xlerator data was already statistically overwhelming: p < 0.001, Cohen’s d 
> 5.0, 100% failure rate. Adding more trials from the same manufacturers would not 
meaningfully strengthen the case—the confidence intervals would tighten marginally, but the 
conclusion was already certain. The limitation was not statistical power. It was 
generalizability. 
 
With k=2, a critic could argue: ‘You only tested Dyson and Excel. Maybe other manufacturers 
perform differently.’ This counterargument—however implausible given the physics—
remained technically available. 
 
With k=3, this counterargument becomes unavailable. Three major manufacturers 
representing different engineering approaches all produce the same performance curve. 
The pattern is industry-wide. 

The Meta-Analytic Framework 
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In meta-analysis, k (number of independent studies/sources) determines generalizability more 
than n (total sample size) determines precision. 
 
Analogy: Three independent laboratories each replicating an experiment with n=100 provides 
stronger evidence than one laboratory running n=10,000. The 10,000 measurements prove that 
particular lab’s findings are precise; the three replications prove the findings generalize. 

Probability Analysis 

Under industry’s implicit claim that their products work: 
• If P(any manufacturer fails) = 0.5 (generous), then P(3/3 fail) = 12.5% 
• If P(any manufacturer fails) = 0.3, then P(3/3 fail) = 2.7% 
• If P(any manufacturer fails) = 0.1 (industry’s implicit claim), then P(3/3 fail) = 0.1% 

 
Observed: 3/3 manufacturers fail, 100% of tests. Under the hypothesis that these products 
work as claimed, this outcome has probability p < 0.001. 

Three-Way Convergence 

The correlation analysis provides independent confirmation. If manufacturers’ products 
genuinely differed in capability, performance curves would diverge. They do not. 
P(all three pairwise correlations > 0.99 by chance) < 0.000000001 

 

Part V: Implications 

The drying time findings documented in this paper have downstream consequences for other 
manufacturer claims. 

Energy and Environmental Claims 

Paper 7 documents the energy and CO₂ implications in detail [7]. In summary: 
• Energy consumption at actual drying times is 7–10× higher than manufacturer 

specifications 
• CO₂ emissions are 6–9× higher than claimed 
• The claimed 85-90% CO₂ advantage over paper towels does not exist; the products are 

statistically equivalent under conservative analysis and dryers may be 2-3× worse 
under expansive analysis 

The User’s Dilemma 

Combined with the microbial findings from Paper 1 (49.6× amplification of bacterial/fungal 
contamination in dryer airstreams), users face a choice with negative outcomes regardless of 
decision: 
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Option A — Follow manufacturer timing (8–12 seconds): Only loose water removed. Hands 
still wet with bound water (2.13–2.97g vs. 0.25g threshold). Per Patrick et al., wet hands 
transfer substantially more bacteria than dry hands [1, 12]. 
 
Option B — Continue until actually dry (70–90 seconds): Bound water eventually removed. 
But extended exposure to amplified microbial contamination documented in Paper 1. 
Neither option delivers the outcome users expect based on manufacturer claims. 

The Paper Towel Alternative 

Paper towels remove both loose and bound water in 20-30 seconds through absorption [4]. 
The water transfers to the towel rather than dispersing into the environment. 

Summary 

Claim Category Manufacturer Claim Empirical Finding 

Drying time 8–12 seconds 70–90 seconds (7–10× longer) 

Residual moisture ≤0.1–0.25g 2.13–2.97g (850–2,190% over) 

Compliance rate 100% 0% (31/31 fail) 

Baseline water (testing) ~6.5g (5-sec drip protocol) 7.31g real-world (Paper 6) 

Table 10. Manufacturer claims vs. empirical findings. 

 

Conclusion 

The purpose of a hand dryer is to dry hands. Across 460 trials spanning three major 
manufacturers, these devices fail to achieve this function within claimed timeframes. The 
compliance rate at manufacturer-specified times is 0%. 
 
Further, the data confirms that water on hands exists in two populations with different removal 
rates. 
 
Loose water disperses rapidly when air shear is applied. It accounts for 70–80% of total water 
removed in the first 10–15% of total drying time. 
 
Bound water disperses slowly. The binding forces are stronger. It accounts for 20–30% of total 
water removed but requires 80–85% of total drying time. 
 
Both populations disperse into the environment—walls, floors, air, and users.  
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The k=3 framework closes the generalizability argument. With three manufacturers 
representing different engineering approaches producing effectively identical performance 
curves (r > 0.99), the pattern is established. The convergence reflects the physical reality that 
all dryers face the same two populations of water. 
 
The dryers follow the physics. The claims fail. The burden of proof returns to those making the 
claims to show otherwise. 
 
Paper towels—removing both loose and bound water in 20-30 seconds through absorption 
rather than dispersal [4]—represent an alternative that achieves complete drying without 
extended exposure time while capturing hand water rather than dispersing it. 
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Appendix A: Pre-Registration Document 

The following document was authored December 4, 2025—one day before World Dryer field 
testing. It serves as pre-registration of the prediction that World Dryer would demonstrate 
identical performance patterns. 
 
POSITION PAPER: STATISTICAL RATIONALE FOR WORLD DRYER TESTING 
 
Date: December 4, 2025 
 
Purpose: Document the statistical case for adding a third manufacturer to Papers 2 and 5 
before field testing 
 
Executive Summary: Adding World Dryer data to the existing Dyson/Xlerator dataset is not 
primarily about increasing sample size (n). It’s about increasing the number of independent 
manufacturers (k). This distinction matters because the central claim—that dryer performance 
reflects physical constraints rather than engineering choices—requires evidence of cross-
manufacturer convergence. With k=2, convergence could be coincidental. With k=3, 
convergence becomes statistically defensible. 
 
Prediction: Performance curves from three independent manufacturers (Dyson, Excel Dryer, 
World Dryer) will demonstrate convergent correlation coefficients exceeding r = 0.99 across all 
pairwise comparisons. The probability of this convergence occurring by chance under the null 
hypothesis of manufacturer independence is p < 0.001. These findings will confirm that 
commercial hand dryer performance is constrained by the physical characteristics of water on 
human hands rather than manufacturer-specific engineering implementations. 
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Appendix B: Bimodal Drying Analysis 

The Bimodal Drying Equation: Mathematical Validation of the Two-Population Water 
Model 
Author: Ronald A. Blouch Jr. 
 
AI Contribution Statement: This analysis is a collaborative effort between Claude Opus 
(Anthropic) and the author. The bimodal loose water/bound water concept was originated by 
Claude Sonnet during analysis of drying curve mathematics. Claude Opus derived the bi-
exponential equation, performed all statistical modeling, and drafted this appendix. The 
author collected all 431 physical measurements, directed the analysis, recognized the 
significance of the findings, edited every word, and takes full responsibility for the work. 
December 2025 

Abstract 

Analysis of 431 time-series measurements reveals that water removal from hands during air 
drying follows a bi-exponential decay pattern, mathematically confirming that water exists in 
two distinct populations with different removal rates. 
 
Two mathematical models were tested. A single-exponential model assumes all water 
removes at one rate. A bi-exponential model assumes water exists in two populations with 
different removal rates. 
 

Model R² Unexplained Variance Prediction Error (RMSE) 

Single-exponential 0.9859 1.41% 0.205g 

Bi-exponential 0.9998 0.02% 0.022g 

The bi-exponential model eliminates 70× more variance and achieves 9× better prediction 
accuracy. The single-exponential model shows systematic errors—consistently wrong in 
predictable ways at specific time intervals—the mathematical signature of an incorrect model. 
The bi-exponential residuals show only random scatter at the level of instrument noise. 
The extracted parameters: 
 

• Loose water (33% of total): Half-life of 1.5 seconds 
• Bound water (67% of total): Half-life of 11.8 seconds—7.7× slower 

The mathematics confirms that two populations of water exist with different removal 
characteristics. 

1. Introduction 

1.1 The Puzzle 
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During analysis of time-to-dry data across three manufacturers, a consistent pattern emerged: 
drying curves from fundamentally different engineering approaches—Dyson’s focused blade 
technology, Xlerator’s distributed nozzle system, and World Dryer’s traditional warm air 
design—produced nearly identical performance curves with cross-manufacturer correlations 
exceeding r = 0.99 (p < 0.001). 
 
This convergence demanded explanation. If drying performance were determined by 
engineering implementation, different designs should produce different curves. The observed 
convergence suggested a constraint independent of device design. 

1.2 The Hypothesis 

Examination of the drying curves revealed a characteristic signature: rapid initial water 
removal followed by dramatic slowdown. The removal rate in the first 5 seconds exceeded the 
removal rate after 80 seconds by more than 200×. This pattern suggested that water on hands 
might exist in two populations with different removal characteristics. 

1.3 Why This Matters 

If water on hands is homogeneous—all removed at the same rate—then the single-exponential 
model should fit the data well. 
 
If water on hands exists in two populations with different removal rates—then the bi-
exponential model should fit substantially better. 
The data decides. 

2. Mathematical Framework 

2.1 Single-Exponential Model 

If water removal follows a single rate: 
𝑊𝑊(𝑡𝑡) = 𝐴𝐴 ⋅ 𝑒𝑒−𝑘𝑘𝑘𝑘 + 𝐶𝐶 

Where: - W(t) = residual water at time t (grams) - A = removable water (grams) - k = removal rate 
constant (per second) - C = irreducible residual floor (grams) 

2.2 Bi-Exponential Model 

If water exists in two populations with different removal rates: 
𝑊𝑊(𝑡𝑡) = 𝐴𝐴1 ⋅ 𝑒𝑒−𝑘𝑘1𝑡𝑡 + 𝐴𝐴2 ⋅ 𝑒𝑒−𝑘𝑘2𝑡𝑡 + 𝐶𝐶 

Where: - A₁, k₁ = mass and removal rate of population 1 (loose water) - A₂, k₂ = mass and 
removal rate of population 2 (bound water) - C = irreducible residual floor 

3. Methods 

3.1 Data Source 
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The analysis used 431 valid measurements across exposure times from 0 to 105 seconds, 
collected from Dyson Airblade V HEPA, Xlerator Standard, and World Dryer VerdeDri units in 
functioning public restrooms. 

3.2 Model Fitting 

Both models were fitted to mean residual water values at each time point using nonlinear 
least-squares regression (Levenberg-Marquardt algorithm). 

3.3 Model Comparison Criteria 

1. R² (Coefficient of Determination): Variance explained 
2. Unexplained Variance: Variance the model fails to explain (1 - R²) 
3. RMSE (Root Mean Square Error): Average prediction error 
4. Residual Pattern: Random scatter (correct model) vs. systematic pattern (incorrect 

model) 

4. Results 

4.1 Empirical Drying Curve 

Time (sec) Mean Residual (g) Removal Rate (g/sec) n 

0 6.49 — 42 

5 3.51 0.597 40 

10 2.51 0.201 42 

15 1.87 0.127 42 

20 1.41 0.092 42 

30 0.83 0.058 41 

40 0.46 0.036 30 

50 0.34 0.012 27 

60 0.27 0.007 21 

70 0.20 0.007 21 

80 0.14 0.006 20 

90 0.11 0.003 17 

100 0.10 0.001 6 

Table B1. Empirical drying curve data. 
The removal rate dropped from 0.597 g/sec (0→5 seconds) to 0.001 g/sec (90→100 seconds)—a 
597-fold decrease. 
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4.2 Model Fitting Results 

Single-Exponential Model: 
𝑊𝑊(𝑡𝑡) = 5.962 ⋅ 𝑒𝑒−0.0916𝑡𝑡 + 0.254 

• R² = 0.9859 
• RMSE = 0.205g 
• Half-life = 7.6 seconds 

Bi-Exponential Model: 
𝑊𝑊(𝑡𝑡) = 2.11 ⋅ 𝑒𝑒−0.456𝑡𝑡 + 4.28 ⋅ 𝑒𝑒−0.059𝑡𝑡 + 0.11 

• R² = 0.9998 
• RMSE = 0.022g 
• Half-life (loose water) = 1.5 seconds 
• Half-life (bound water) = 11.8 seconds 

4.3 Model Comparison 

Model R² Unexplained Variance RMSE 

Single-exponential 0.9859 1.41% 0.205g 

Bi-exponential 0.9998 0.02% 0.022g 

The bi-exponential model has 70× less unexplained variance and 9× better prediction 
accuracy. 
 
The single-exponential residuals show systematic error—overestimating early, 
underestimating in the middle, overestimating late. This S-shaped pattern is the mathematical 
signature of a model trying to fit two processes with one equation. 
 
The bi-exponential residuals show only random scatter around zero at the level of instrument 
noise (0.01g scale precision). 

4.4 Extracted Parameters 

Parameter Loose Water Bound Water 

Initial mass 2.11g (33%) 4.28g (67%) 

Rate constant k₁ = 0.456 s⁻¹ k₂ = 0.059 s⁻¹ 

Half-life 1.5 seconds 11.8 seconds 

Time to 90% removal 5.1 seconds 39.1 seconds 

Time to 99% removal 10.1 seconds 78.2 seconds 

Table B2. Extracted parameters for the two water populations. 
 
The rate ratio: k₁/k₂ = 0.456/0.059 = 7.7× 
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Loose water removes 7.7 times faster than bound water. 

5. Interpretation 

The bi-exponential model with R² = 0.9998 mathematically confirms that water on hands exists 
in two populations with different removal rates. 
 
What the data shows: - Two populations exist (the bi-exponential fit proves this) - Loose water 
(33%) removes with a 1.5-second half-life - Bound water (67%) removes with an 11.8-second 
half-life - The rate difference is 7.7× 
 
What the data does not determine: - The specific physical mechanisms creating the binding 
force difference - The relative contribution of dispersal vs. evaporation to bound water removal 
- Whether engineering improvements could change these characteristics 
 
The mathematics confirms the existence of two populations. The physical interpretation of 
why they differ remains open to investigation. 

6. The Bimodal Drying Equation 

 

𝑊𝑊(𝑡𝑡) = 2.11 ⋅ 𝑒𝑒−0.456𝑡𝑡 + 4.28 ⋅ 𝑒𝑒−0.059𝑡𝑡 + 0.11  
 

Metric Value 

R² 0.9998 

Sample size 431 measurements 

Time points 15 

Manufacturers 3 

Unexplained variance 0.02% 

Prediction error 0.022g 

 
This equation explains 99.98% of variance in hand dryer drying performance. 

Data Availability 

The complete dataset (drying_time_canonical_comprehensive_residual_water_tests.xlsx) 
containing all 431 measurements is available at www.handdryerstudy.com. 
This appendix accompanies Paper [8] in the hand dryer research series. 
DOI: 10.5281/zenodo.17869567 
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