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Abstract

The efficiency of boiling water is set by the ratio of power to heat loss rather than by the appliance, and weaker heat

wastes more (Paper 883), but that paper left out heat lost in steam and the lid.This paper adds to the model of Paper

883, which heats 1 kg of water from 20 to 100 degrees, the heat lost by evaporation from the water surface

(saturated vapor density from the Antoine equation; area and mass-transfer coefficient set), treats a lid as stopping

evaporation, and compares the least power that can boil, the time and the energy used.No new theorem or law is

claimed. First, heat lost from the water surface rises steeply toward boiling: the heat carried off by evaporation was

 W at 20 degrees,  W at 60,  W at 80 and  W at 100 (Section 2). Second,

without a lid, the evaporation heat at 100 degrees is added to the least power that can boil: for wall loss coefficients

of 1, 3 and 6 W/K, the least power was 80, 240 and 480 W with a lid and ,  and  W

without (Section 2). Third, the better the insulation, the more a lid matters: the ratio of least power without a lid to

with a lid was ,  and  for coefficients 1, 3 and 6 W/K. At 3 W/K and 300 W, the lidded

pot boiled in  s, and the open pot stopped at  degrees (Section 3). Fourth, even when both boil,

weaker heat makes the energy difference larger: at 3 W/K, the energy ratio without to with a lid was  at

500 W and  at 3000 W. At 1 W/K and 300 W,  kg of water evaporated before boiling (Section 3).

Fifth, the separator is whether heat loss rises in proportion to the temperature difference or steeply toward the

boiling point: heat lost through the wall is proportional to the temperature difference, reaching the coefficient times

80 at 100 degrees. Heat lost from the surface is proportional to the saturated vapor density, rising from  W

at 60 degrees to  W at 100. That addition does not depend on the insulation of the vessel (Section 4).
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Scope of this paper (scope note): No new theorem or law is claimed: that evaporation of water carries heat, the mass-

transfer formula taking the evaporation rate as proportional to the difference between saturated vapor at the surface

and vapor in the air, the Antoine equation for saturated vapor pressure, and that a lid stops steam and boils water

faster, are all known in heat transfer and everyday experience.These are set values: a surface area of  m², a mass-

transfer coefficient of  m/s, a latent heat of  J/kg (constant) and an ambient humidity of  are set

here. The coefficients and powers of Paper 883 are used as they are. They correspond to no pot or kettle.Boiling itself

is not treated: the flow of vapor pushing air away near boiling, bubbles, heat lost through the lid and the heat capacity

of the lid are not included. A lid is taken only to stop evaporation.Nothing is recommended, which appliance or lid

should be used is not stated.Relation to earlier papers: Paper 883, in its scope note, did not include combustion and

evaporation, leaving out the fraction of heat passing from a gas flame to a pot, the lid, heat lost in steam and the heat

capacity of the vessel; this paper sits in the seat of the lid and heat lost in steam (no earlier occupant).Paper 883 showed

that the efficiency of boiling water is set by the ratio of power to heat loss and that weaker heat wastes more. Here the

steam heat, which rises steeply with temperature, is added to that heat loss, and how the least power that can boil

changes with and without a lid is counted.Paper 392 showed that the boiling point is a property of substance and

pressure together, and gave the vapor pressure at 100 degrees as  mmHg from the Antoine equation. Here the

same equation gives the saturated vapor density at the water surface.What is added: computing the heat lost by

evaporation at each temperature, comparing the least power that can boil with and without a lid, showing that this

ratio is larger for better insulated vessels, setting out energy and evaporated water, and placing the separator on

“proportional to the temperature difference, or steep toward boiling”.

1. Notation and the Question

Setting: as in Paper 883, heating  kg of water (heat capacity  J/K) from  to  degrees takes  J, with

power  and wall heat loss . This paper adds the heat lost by evaporation from the water surface.

The saturated vapor pressure  follows the Antoine equation (mmHg, degrees)

, giving  mmHg at 100 degrees and  mmHg at 20

degrees, and saturated vapor densities of  and  kg/m³.  m²,  m/s,

 J/kg and  are set values. The water temperature  and mass  follow

with  under a lid. If the water falls below half, the run is stopped (not counted as boiling).

Question: how much do the least power that can boil and the energy to boil change with and without a lid?



2. Steam Heat and the Least Power That Can Boil

Computation 2.1: heat lost by evaporation is  W at 20 degrees,  W at 60,  W at 80 and

 W at 100.

Computation 2.2: the least power that can boil is where power balances losses at 100 degrees:  with a lid and

 without.

coefficient  (W/K) with lid (W) without lid (W) without / with

At 3 W/K without a lid, the least power found without the formula, by narrowing the heating model, was  W,

within 1 W of the formula.

Observation 2.3

steam heat adds directly to the least power that can boil.The addition of  W is the evaporation

heat at 100 degrees and does not depend on the wall coefficient: the smaller the wall loss of a vessel, the

larger that addition was in proportion.

3. Time and Energy to Boil

Computation 3.1: time (s) and energy (kWh) at 3 W/K.



power with lid without lid evaporated water (kg)

 W  s, stops at  degrees (none)

 W  s,  s, 

 W  s,  s, 

 W  s,  s, 

 W  s,  s, 

All lidded times agreed with the closed form of Paper 883 within 0.05 s. The energy ratio without to with a lid was, at

1 W/K,  at 300 W,  at 500 W,  at 1000 W,  at 2000 W and  at 3000 W; at

3 W/K,  at 500 W,  at 1000 W,  at 2000 W and  at 3000 W; at 6 W/K,  at

1000 W,  at 2000 W and  at 3000 W. At 6 W/K, 500 W stopped at  degrees without a lid,

and 300 W stopped at  degrees with a lid and  degrees without. At 1 W/K and 300 W without a lid,

boiling took  s with water loss included (evaporating  kg) and  s with the water held at 1

kg.

Observation 3.2

even when both boil, weaker heat makes the lid matter more.At 3 W/K the energy ratio fell from 

at 500 W to  at 3000 W: near the least power that can boil, the open pot takes longer, and steam

heat keeps escaping all that time.

4. The Separator

Observation 4.1

the separator is whether heat loss rises in proportion to the temperature difference or steeply toward the

boiling point.Heat lost through the wall is proportional to the temperature difference and reaches  at 100

degrees: heat lost from the surface is proportional to the saturated vapor density and rose from 

W at 60 degrees to  W at 100. This addition does not depend on the wall coefficient, so for a well

insulated vessel (1 W/K) the least power that can boil became  times as large.



Observation 4.2

what is not said.Values for real pots or kettles, the flow of vapor near boiling, bubbles, heat lost through the

lid, the fraction of flame heat reaching the pot, and which appliance to use are not treated. What is shown is

how far, in a model adding steam heat with set area and mass-transfer coefficient, a lid changes the least

power that can boil and the energy used.

5. Roll Call and Closing

1. two heat losses, wall and surface (Section 1): saturated vapor from the Antoine equation.

2. evaporation heat at 100 degrees  W (Computation 2.1): steep toward boiling.

3. least-power ratios , 1.873570, 1.436785 (Computation 2.2): larger for better insulation.

4. at 3 W/K and 300 W the open pot stops at  degrees (Computation 3.1): the lidded pot boils.

5. energy ratio from  (500 W) to 1.023265 (3000 W) (Computation 3.1): weaker heat, larger difference.

6. proportional to the temperature difference, or steep toward boiling (Observation 4.1): the separator; the scope

note of Paper 883.

Closing: In a pot without a lid, steam adds to the least power that can boil, and the better the insulation the more a

lid matters.Adding surface evaporation to the model of Paper 883, the heat lost reached  W at 100

degrees, and the least power that can boil without a lid became ,  and  times that with a

lid for coefficients 1, 3 and 6 W/K: at 3 W/K and 300 W, the lidded pot boiled and the open pot stopped at 

degrees. Even when both boiled, the energy ratio was  at 500 W.The separator is whether heat loss rises in

proportion to the temperature difference or steeply toward the boiling point.Placed among the earlier papers: to the

efficiency that Paper 883 counted with wall loss alone, the steam and lid that Paper 883 did not include were added,

with vapor from the same Antoine equation as Paper 392.To be honest: the area and mass-transfer coefficient are set

values, and vapor flow near boiling is not included. With steam heat added, where the lid matters, and no further.
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