
Montague, Model Vectaire HX63A
Gas Full-Size Convection Oven Performance Test

Application of ASTM Standard
Test Method F 1496-93

FSTC Report 5011.99.79

Food Service Technology Center
Final Report, December 1999

Prepared by:

David Zabrowski
Fisher-Nickel, Inc.

Contributors:

Robert Cadotte
David Cowen

Fisher-Nickel, Inc.

Prepared for:

Peter Turnbull, Senior Project Manager
Customer Energy Management

Pacific Gas and Electric Company
123 Mission Street, P.O.  Box 770000

San Francisco, California  94177
 1999 by Pacific Gas and Electric Company.  All rights reserved.

  The information in this report is based on data generated at Pacific Gas and Electric Company’s Food Service Technology Center.



Legal Notice

This report was prepared by Pacific Gas and Electric Company for exclusive use by its employees and agents.  Neither Pacific Gas and Electric
Company nor any of its employees:
(1) makes any written or oral warranty, expressed or implied, including, but not limited to those concerning merchantability or fitness for

a particular purpose;
(2) assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product,

process, method, or policy contained herein; or
(3) represents that its use would not infringe any privately owned rights, including, but not limited to, patents, trademarks, or copyrights.

This program is funded by California utility customers and administered by Pacific Gas and Electric Company under the auspices of the
California Public Utilities Commission.

Acknowledgments

Pacific Gas and Electric Company’s Food Service Technology Center is
supported by the National Advisory Group, which includes

Electric Power Research Institute (EPRI)

Gas Research Institute (GRI)

National Restaurant Association

California Restaurant Association (CRA)

International Facility Management Association (IFMA)

California Energy Commission (CEC)

Underwriters Laboratories (UL)

Gas Appliance Manufacturers Association (GAMA)

California Café Restaurant Corp.

Darden Restaurants, Inc.

Safeway, Inc.

Round Table Pizza

McDonald’s Corporation

The Southern California Gas Company

University of California at Riverside

University of California at Berkley

Specific appreciation is extended to Montague, for supplying the Food
Service Technology Center with a gas full-size convection oven for
controlled testing in the appliance laboratory.

Policy on the Use of Food Service Technology
Center Test Results and Other Related Information

• The Food Service Technology Center (FSTC) is strongly committed
to testing food service equipment using the best available scientific
techniques and instrumentation.

• The FSTC is neutral as to fuel and energy source.  It does not, in
any way, encourage or promote the use of any fuel or energy source
nor does it endorse any of the equipment tested at the FSTC.

• FSTC test results are made available to the general public through
both Pacific Gas and Electric Company technical research reports
and publications and are protected under U.S. and international
copyright laws.

• In the event that FSTC data are to be reported, quoted, or referred to
in any way in publications, papers, brochures, advertising, or any
other publicly available documents, the rules of copyright must be
strictly followed, including written permission from Pacific Gas and
Electric Company in advance and proper attribution to Pacific Gas
and Electric Company and the Food Service Technology Center.  In
any such publication, sufficient text must be excerpted or quoted so
as to give full and fair representation of findings as reported in the
original documentation from FSTC.



Contents

5011.99.79 i

Page
Executive Summary................................................................................ iii
1 Introduction ..................................................................................... 1-1

Background ................................................................................. 1-1
Objectives ................................................................................... 1-2
Appliance Description ................................................................. 1-2

2 Methods ........................................................................................... 2-1
Setup and Instrumentation ......................................................... 2-1
Measured Energy Input Rate ...................................................... 2-2
Cooking Energy Efficiency Tests ................................................ 2-2
Cooking Uniformity Tests ............................................................ 2-2
Browning Uniformity Tests .......................................................... 2-3

3 Results ............................................................................................. 3-1
Energy Input Rate ....................................................................... 3-1
Preheat and Idle Tests ............................................................... 3-1
Cooking Energy Efficiency Tests ................................................ 3-3
Cooking Uniformity ..................................................................... 3-7
Browning Uniformity .................................................................... 3-9

4 Conclusions ..................................................................................... 4-1
5 References ....................................................................................... 5-1
Appendix A:  Glossary
Appendix B:  Appliance Specifications
Appendix C:  Results Reporting Sheets
Appendix D:  Cooking Energy Efficiency Data



List of Figures and Tables

5011.99.79 ii

Page
1-1 Vectaire oven cavity..................................................................... 1-3
2-1 Appliance/hood configuration ..................................................... 2-1
3-1 Preheat characteristics ............................................................... 3-2
3-2 Average potato temperature during a full-load test ..................... 3-3
3-3 Convection oven part-load cooking energy efficiency ................. 3-6
3-4 Convection oven cooking energy consumption profile ................ 3-7
3-5 Products for the cooking uniformity tests:  ice pans, macaroni

and cheese, potatoes gratin, and pork and beans ...................... 3-8
3-6 Top sheet cake (rack #1) ............................................................ 3-10
3-7 Upper middle sheet cake (rack #2) ............................................. 3-10
3-8 Middle sheet cake (rack #3) ........................................................ 3-11
3-9 Lower middle sheet cake (rack #4) ............................................. 3-11
3-10 Bottom sheet cake (rack #5) ....................................................... 3-12

Page
1-1 Appliance Specifications ............................................................. 1-3
3-1 Input, Preheat, and Idle Test Results ......................................... 3-2
3-2 Full-Load Test Results................................................................. 3-4
3-3 Cooking Energy Efficiency and Production Capacity

Test Results................................................................................. 3-6
3-4 Oven Cooking Uniformity............................................................. 3-8
3-5 Frozen (Macaroni & Cheese) Load Test Results......................... 3-9

Figures

Tables



Executive Summary

5011.99.79 iii

Montague redesigned their Vectaire gas convection oven (Figure ES-1), in-

corporating an advanced heat exchanger and lowering the rated input from

70,000 Btu/h to 63,000 Btu/h.  Hot air is circulated throughout the cooking

cavity by a two-speed, ½-horsepower fan and the oven temperature is con-

trolled with a solid-state thermostat.  The controls include a cool-down set-

ting, which allows the fan to run at high speed with the doors open to cool

the cooking cavity.

Food Service Technology Center (FSTC) engineers tested the full-size gas

convection oven under the tightly controlled conditions of the American So-

ciety for Testing and Materials’ (ASTM) standard test method.
1
  Convection

oven performance is characterized by preheat time and energy consumption,

idle energy consumption rate, cooking energy efficiency, production capac-

ity, cooking uniformity, and white sheet cake browning uniformity.

Cooking performance was determined by baking 100 count russet potatoes

under three different loading scenarios (heavy—5 full-size sheet pans, me-

dium—3 full-size sheet pans, and light—1 full-size sheet pan).  The cook

times for the three loading scenarios were 61.5 minutes for the full-load test,

53.9 minutes for the medium-load test, and 52.4 minutes for the light-load

test.

Cooking energy efficiency is a measure of how much of the energy that an

appliance consumes is actually delivered to the food product during the

cooking process.  Cooking energy efficiency is therefore defined by the fol-

lowing relationship:

                                                     
1 American Society for Testing and Materials.  1993.  Standard Test Method for the Perform-
ance of Convection Ovens.  ASTM Designation F 1496-93, in Annual Book of ASTM Stan-
dards, Philadelphia.

Figure ES-1.
Montague Vectaire
gas convection oven.
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Cooking Energy Efficiency Energy to Food
Energy to Appliance

=

A summary of the ASTM test results is presented in Table ES-1.

Table ES-1.  Summary of ASTM Convection Oven Performance Results.

Rated Energy Input Rate (Btu/h) 63,000
Measured Energy Input Rate (Btu/h) 66,040
Fan/Control Energy Rate (kW) 0.41
Preheat Time to 350°F (min)a 12.8
Preheat Energy to 350°F (Btu) a 13,569
Idle Energy Rate @ 350°F (Btu/h) a 12,890
Pilot Energy Rate (Btu/h) a 0
Full-Load Cooking Energy Efficiency (%) 43.9 ± 1.4 b

Medium-Load Cooking Energy Efficiency (%) 37.1 ± 0.7 b

Light-Load Cooking Energy Efficiency (%) 19.6 ± 1.1 b

Production Capacity c (lb/h) 71.4 ±1.5 b

Cooking Uniformity Average Rack Temperatures (°F):
Rack #1 (Top) 161
Rack #2 145
Rack #3 156
Rack #4 145
Rack #5 (Bottom) 158
Maximum Temperature Difference 16

a This oven was equipped with automatic ignition.
b This range indicates the experimental uncertainty in the test result based on a minimum of three test runs.
c Based on the full-load cooking test with a 210°F endpoint.

The full-load potato test was re-evaluated using a 205°F endpoint as opposed

to the ASTM-specified 210°F endpoint.  At 205°F, the starch conversion had

progressed sufficiently to consider the potatoes acceptable, and the cooking

energy efficiencies and cooking energy rates for the two full-load tests were
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nearly identical.  Thus, the higher endpoint was not necessary to ensure ac-

curate energy measurements.  Furthermore, dropping the endpoint from

210°F to 205°F reduced the cook time by 10.3 minutes and increased the

reported production capacity by 18% (from 71.4 lb/h to 84.4 lb/h).  It is rec-

ommended that future revisions of the ASTM test method consider reducing

the endpoint from 210°F to 205°F.

Under the difficult conditions of the frozen-load test, the oven delivered

48.9% of its energy to the frozen macaroni and cheese and produced 87.4

pounds per hour.  In addition to providing cooking uniformity information,

using a real food product instead of a simulated food product (ice-loads)

provided realistic production rates and cooking energy efficiencies.

Figure ES-1 illustrates the relationship between cooking energy efficiency

and production rate for this convection oven.  Figure ES-2 illustrates the rela-

tionship between the convection oven’s average energy consumption rate and

the production rate.  This graph can be used as a tool to estimate the daily

energy consumption for the convection oven in a real-world operation.  Aver-

age energy consumption rates at 15, 30, and 60 pounds per hour are 21,370

Btu/h, 28,660 Btu/h, and 40,390 Btu/h, respectively.

The Montague, model Vectaire HX63A, full-size gas convection oven per-

formed well under the rigorous conditions of the ASTM test method.  Its

43.9% full-load cooking energy efficiency is the highest for any gas oven

tested at the Food Service Technology Center to date, nearly 38% higher

than the previously tested model.
2
  Improved airflow in this newly redes-

igned oven is evidenced by its cooking uniformity.  The ice-load tests

showed a 16°F maximum difference between the hottest and coolest racks,

whereas 30°F to 40°F differences are much more common.  This Montague

oven’s low, 12,890 Btu/h, idle rate contributes to its high part-load cooking

                                                     
2 

Food Service Technology Center.  1995.  Montague Model SE70AH Gas Convection Oven
Application of ASTM Standard Test Method F1496-93.  Report 5011.95.25  prepared for
Customer Energy Management Department.  San Francisco:  Pacific Gas and Electric Com-
pany.
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Note: Light-load = 1 pan/load; medium-load = 3 pans/load; heavy-load = 5 pans/load.

Figure ES-1.
Convection oven part-
load cooking energy
efficiency.

Figure ES-2.
Convection oven
cooking energy
consumption profile.
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energy efficiency, making the oven a solid energy performer for any type of

operation.  Evaluation of this convection oven in the real-world setting of the

Production-Test Kitchen was recommended and implemented.
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Convection ovens are the most widely used appliance in the food service in-

dustry.  Operators know that fresh-baked signature desserts, crusty breads,

and familiar comfort foods, such as roasted meats and potatoes, are irresisti-

ble to their customers.  In addition to traditional uses such as roasting and

baking, these ovens can be used for nearly all types of food preparation, in-

cluding foods typically prepared using other types of appliances.

With competition heating up among equipment manufacturers, new designs

incorporating timesaving features via sophisticated control packages are be-

ing introduced.  In 1993, Pacific Gas and Electric Company’s Food Service

Technology Center (FSTC) developed a standard test method to quantify the

performance of convection ovens.  This test method was applicable to both

full-size and half-size convection ovens and allowed manufacturers and end

users to compare performance indices such as energy efficiency, cooking uni-

formity, and production capacity.

The draft test procedure was submitted to the American Society for Testing

and Materials (ASTM), and February 1994 was accepted as a standard test

method (Designation F 1496-93).
1
  Pacific Gas and Electric Company’s De-

velopment and Application of a Uniform Testing Procedure for Convection

Ovens documents the developmental procedures and preliminary test results

for four (two gas and two electric) convection ovens.
2
  Other Pacific Gas and

Electric Company reports document results of applying the ASTM test

method to different convection ovens.
3,4

Montague’s new Vectaire convection oven incorporates a two-speed, ½-

horsepower fan with a solid-state thermostat, and a zero-to-sixty minute

timer.  The controls include a cool-down setting, which allows the fan to run

at high speed with the doors open to cool the cooking cavity.  The glossary in

Background

Montague’s new

convection oven

incorporates a

two-speed fan

with a solid-state

thermostat, and a

zero to 60-minute

timer.



Introduction

5011.99.79 1-2

Appendix A is provided so that the reader has a quick reference to the terms

used in this report.

The objective of this report is to examine the operation and performance of

the Montague Vectaire gas full-size convection oven, model HX63A, under

the controlled conditions of the ASTM standard test method.  The scope of

this testing is as follows:

1. Verify that the appliance is operating at the manufacturer’s rated
energy input.

2. Determine the time and energy required to preheat the oven from
room temperature to 350°F.

3. Characterize the oven’s idle energy use with the thermostat set
at a calibrated 350°F.

4. Document the cooking energy consumption and efficiency under
three different scenarios: heavy (five pans of potatoes), medium
(three pans of potatoes), and light (single pan of potatoes).

5. Determine the oven’s production capacity when baking potatoes.

6. Characterize the oven’s cooking uniformity using three different
frozen test products.

7. Document the oven’s frozen-load cooking energy efficiency and
production capacity using a representative food product.

8. Document the oven’s browning uniformity using white sheet
cakes.

An atmospheric burner located under the floor of the oven cavity powers the

thermostatically controlled convection oven.  Heat is transferred to the oven

cavity from combustion products as they circulate up through spaces between

the sidewalls of the oven cavity (Figure 1-1) and the outside skin of the oven.

A ½-horsepower, 2-speed (full or half speed) fan circulates air throughout the

oven cavity.  This oven was equipped with electronic ignition, thus elimi-

nating the need for a standing pilot.

Objectives

Appliance
Description



Introduction

5011.99.79 1-3

Appliance specifications are listed in Table 1-1, and the manufacturer’s lit-

erature is in Appendix B.

Table 1-1.  Appliance Specifications.

Manufacturer Montague

Model Vectaire HX63A

Generic Appliance Type Full-size convection oven

Rated Input 63,000 Btu/h

Dimensions 24” x 35½” x 15¼”

Oven Cavity Volume 15,221 cubic inches

Controls Single thermostat adjustable from 200 to 500°F, 0 to 60
minute cook timer, and a two-speed fan.

Figure 1-1.
Vectaire oven cavity.
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FSTC researchers installed the convection oven on a tiled floor under a 4-

foot-deep canopy hood that was 6 feet, 6 inches above the floor.  The hood

operated at a nominal exhaust rate of 300 cfm per linear foot of hood.  There

was at least 6 inches of clearance between the vertical plane of the convec-

tion oven and the edge of the hood.  Figure 2-1 illustrates this setup.  All test

apparatus were installed in accordance with Section 9 of the ASTM test

method.
1

Researchers instrumented the convection oven with several thermocouples to

measure the temperature of the oven’s walls and the temperature at the center

of the cooking cavity.  Natural gas consumption was measured with a positive

displacement-type gas meter that generated a pulse for every 0.1 ft³ con-

sumed.  Fan and control energy was measured with a Watt-hour transducer

Setup and
Instrumentation

Figure 2-1.
Appliance/hood
configuration.
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that generated a pulse for every 0.00001 watt-hours.  The gas meter, trans-

ducer, and thermocouples were connected to an automated data acquisition

unit that recorded data every 5 seconds.  Energy consumption and input rates

were calculated and temperature profiles were generated from this informa-

tion.

Researchers determined the energy input rate by measuring the energy con-

sumption during a preheat from room temperature.  The peak input recorded

during this period was reported as the measured energy input rate.

The cooking energy efficiency and production capacity tests consisted of

baking 100-count russet potatoes on full-size sheet pans.  The cooking en-

ergy efficiency tests were conducted for three distinct loading scenarios: full

(five sheet pans), medium (three sheet pans) and light (single sheet pan).

Each pan was filled with 30 potatoes that had a combined weight of ap-

proximately 14½ pounds.  Three potatoes per pan were randomly selected

and instrumented with thermocouples for monitoring temperature during the

test.  The potatoes were then baked from 70°F to an average temperature of

210°F.  Each of the three cooking energy efficiency tests were replicated a

minimum of three times to ensure accuracy in the reported results.  Produc-

tion capacity was determined during the full-load test.

The heavy-load cooking uniformity test was designed to reflect how evenly

an oven cooks “stubborn” food products.  The preheated oven was loaded

with 20 quarter-size pans (four per rack) filled a frozen food product, such as

macaroni & cheese, lasagna or ice.  The temperature of each pan was indi-

vidually monitored during the course of the test.  When the first rack of four

pans reached an average temperature of 160°F, the test was complete.  By

recording the temperatures of the remaining pans, the tester could then show

how uniformly the oven cooked the frozen food product.

Measured Energy
Input Rate

Cooking Energy
Efficiency Tests

Cooking
Uniformity Tests
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The ASTM test procedure calls for the pans to be filled with six pounds of

ice to simulate a stubborn food product.  Ice had the advantages of being

consistent, repeatable, and inexpensive, while exhibiting the temperature

differences that would occur between racks when baking frozen foods.
2

Although ice was a desirable test product due to its low cost and repeatabil-

ity, it tended to overstate the oven’s productivity under heavy, frozen-load

conditions, and did not provide realistic energy consumption data.  Re-

searchers therefore repeated the cooking uniformity test with a variety of

food products including macaroni & cheese, potatoes gratin, and pork &

beans to identify a more representative food product.

The oven’s browning uniformity was documented while baking white sheet

cakes.  For this test, the oven was loaded with five full-size sheet pans, each

filled with 6 pounds of cake batter.  The pans were loaded from the bottom

up to minimize the disuniformity between racks.  The cakes were considered

done when a wood skewer could be inserted into the cakes and removed

without any particles adhering to it.

Appendix C contains the ASTM results reporting sheets for this oven.

Browning
Uniformity Tests



3 Results

5011.99.79 3-1

Prior to testing, the energy input rate was measured and compared with the

manufacturer’s nameplate value.  This procedure ensured that the convec-

tion oven was operating within its specified parameters.  The measured en-

ergy input rate was 66,040 Btu/h (a difference of 4.8% from the nameplate

rating).

Preheat Energy and Time

The oven was instrumented with thermocouples attached to the center of

each of the oven’s walls and located at the geometric center of the cooking

cavity.  After stabilizing the oven cavity at room temperature (70 ± 5°F)

overnight, the oven was turned on and preheated to 350°F.  Elapsed time and

energy consumption was recorded during this preheat period.  Figure 3-1

shows the oven’s energy consumption along with the cooking cavity tem-

perature during this preheat test.

Idle Energy Rate

The idle energy rate represents the energy required to maintain the set tem-

perature, or the oven’s stand-by losses.  After the oven had stabilized at

350°F for at least one hour, researchers monitored oven energy consumption

for an additional three hours.  The idle energy rate during this period was

12,900 Btu/h, with an additional 410 watts of electricity for the fan and con-

trols.

Test Results

Input, preheat, and idle test results are summarized in Table 3-1.

Energy Input Rate

Preheat and
Idle Tests
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Table 3-1.  Input, Preheat, and Idle Test Results.

Rated Energy Input Rate (Btu/h) 63,000

Measured Energy Input Rate (Btu/h) 66,040

Fan/Control Energy Rate (kW) 0.41

Preheat

Time to 350°F (min) 12.8

Energy (Btu/h) 13,569

Rate to 350°F (°F/min) 21

Idle Energy Rate @ 350°F (Btu/h) 12,890

Figure 3-1.
Preheat characteristics.
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The convection oven was used to bake 100-count russet potatoes under three

loading scenarios:  full (five full-size pans), medium (three full-size pans),

and light (single full-size pan).  Each pan contained 30 potatoes, with a com-

bined weight of approximately 14½ pounds.  Researchers monitored cook

time, potato temperature and convection oven energy consumption during

these tests.

Full-Load Tests

The full-load cooking tests were designed to reflect an oven’s maximum per-

formance.  The oven was used to bake five full-size sheet pans of potatoes

from 70°F to an average temperature of 210°F.  Three potatoes per pan were

randomly selected and instrumented with thermocouples for monitoring

temperature.  Figure 3-2 shows the average potato temperature during a typi-

cal full-load test.

60

80

100

120

140

160

180

200

220

0 10 20 30 40 50 60 70

Test Time (min)

A
ve

ra
g
e
 P

o
ta

to
 T

e
m

p
e
ra

tu
re

 (
°F

)

Cooking Energy
Efficiency Tests

Figure 3-2.
Average potato tempera-
ture during a full-load
test.
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Since 210°F is close to the boiling point for water, the temperature curve

tends to flatten out as it approaches the specified endpoint.  At this point, the

potatoes begin to absorb the available heat much more slowly, which may

somewhat overstate the required cook time.

A 205°F endpoint was considered as an alternative to the specified 210°F

endpoint since 205°F was still on the steep portion of the temperature curve.

The full-load tests were then repeated using 205°F as the endpoint.  At this

temperature, the starch conversion had progressed sufficiently to consider

the potatoes acceptable.  The heavy-load test results for both endpoints are

summarized in Table 3-2.

Energy imparted to the potatoes is the sum of the energy required to raise

their temperatures from 70°F to the endpoint (sensible energy) and the en-

ergy required to vaporize a portion of the water contained in the potatoes

(vaporization energy).  The oven’s cooking energy efficiency for a given

loading scenario is the amount of energy imparted to the potatoes, expressed

as a percentage of the amount of energy consumed by the oven during the

cooking process.

Table 3-2.  Full-Load Test Results.

ASTM-Specified 205°F
Endpoint Endpoint

Endpoint (°F) 210 205

Cook Time (min) 61.51 51.17

Production Rate (lb/h) 71.4 ± 1.5 84.4 ± 4.6

Energy to Food (Btu/lb) 271 236

Energy Consumption (Btu/lb) 618 545

Cooking Energy Rate (Btu/h) 44,110 ± 490 45,000 ± 1,530

Fan/Control Energy Rate (kW) 0.29 ± 0.01 0.30 ± 0.00

Cooking Energy Efficiency (%) 43.9 ± 1.4 43.2 ± 0.7
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The cooking energy efficiencies and cooking energy rates for the two full-

load tests were nearly identical, indicating that the higher endpoint is not

necessary for accurate energy measurements.  Furthermore, dropping the

endpoint from 210°F to 205°F reduced the cook time by 10.3 minutes and

increased the reported production capacity by 18%.

Medium- and Light-Load Tests

Medium and light load tests determine the oven’s performance under partial

loading conditions.  The medium-load tests were conducted with three full-

size sheet pans of potatoes; the light-load tests were conducted with a single

pan of potatoes.  Since a convection oven may be used to bake less than a

full load of product much of the time, these part-load efficiencies can be

used to estimate convection oven performance in an actual operation.

Test Results

Cooking energy efficiency results for the ASTM full-load tests were 43.2%,

43.6%, and 44.9%, yielding an uncertainty of 3.3% in the test results.  Table

3-3 summarizes the results of the ASTM cooking energy efficiency and pro-

duction capacity tests.  Figure 3-3 illustrates the relationship between cook-

ing energy efficiency and production rate for this convection oven.  Appen-

dix D contains a synopsis of test data for each replicate of the cooking tests.

Figure 3-4 illustrates the relationship between the convection oven’s average

energy consumption rate and the production rate.  This graph can be used as a

tool to estimate the daily energy consumption for the convection oven in a

real-world operation.  Average energy consumption rates at 15, 30, and 60

pounds per hour are 21,370 Btu/h, 28,660 Btu/h, and 40,390 Btu/h, respec-

tively.
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Table 3-3.  Cooking Energy Efficiency and Production Capacity Test Results.

Heavy Load Medium Load Light Load

Endpoint (°F) 210 210 210

Cook Time (min) 61.51 53.92 52.42

Production Rate (lb/h) 71.4 ± 1.5 49.4 16.8

Energy to Food (Btu/lb) 271 273 267

Energy Consumption (Btu/lb) 618 735 1,368

Cooking Energy Rate (Btu/h) 44,110 36,280 22,790

Fan/Control Energy Rate (kW) 0.29 0.33 0.34

Cooking Energy Efficiency (%) 43.9 ± 1.4 37.1 ± 0.7 19.6 ± 1.1
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Convection oven part-
load cooking energy
efficiency.
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Note: Light-load = 1 pan/load; medium-load = 3 pans/load; heavy-load = 5 pans/load.

The cooking uniformity test was designed to characterize the oven’s per-

formance when baking a dense, frozen food product, such as lasagna or

macaroni and cheese.  The oven was loaded with 20 pans of frozen product

and the test was finished when the first rack (of four pans) hit an average

temperature of 160°F.  By recording the temperatures of the remaining pans,

the tester could then show how uniformly the oven baked the pans of frozen

food.

Researchers tested the oven with frozen macaroni & cheese, potatoes gratin,

and pork & beans, in addition to the ASTM-specified ice-loads (Figure 3-5).

Of the three food products tested, macaroni & cheese proved to be the best

test product.  It was consistent, moderately priced, and fairly representative

of other types of frozen foods cooked in ovens.  The macaroni & cheese also

exhibited greater differences in temperature from rack-to-rack than the other

products tested, indicating that it was a heavier load on the oven.

Figure 3-4.
Convection oven
cooking energy
consumption profile.

Cooking Uniformity
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The potatoes gratin was hard to obtain and difficult to work with since it was

fairly inconsistent—a thermocouple inserted into the frozen mass could eas-

ily be located in a layer of potato, a layer of sauce, or a layer of cheese.  The

pork & beans tended to exaggerate the oven’s productivity much like the ice-

loads, probably due to its high water content.  It also understated any tem-

perature differences from rack to rack compared with other food products.

Table 3-4 compares the cooking uniformity test results for the four products.

Table 3-4.  Oven Cooking Uniformity.

Mac Potatoes Pork
Ice-Load & Cheese Gratin & Beans

Rack #1 (Top) 161°F 155°F 151°F 154°F

Rack #2 145°F 145°F 155°F 156°F

Rack #3 156°F 135°F 151°F 160°F

Rack #4 145°F 134°F 138°F 152°F

Rack #5 (Bottom) 158°F 160°F 160°F 148°F

Maximum
Temperature Difference 16°F 26°F 22°F 12°F

Figure 3-5.
Products for the cooking
uniformity tests:  ice
pans, macaroni and
cheese, potatoes gratin,
and pork and beans.
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In addition to providing cooking uniformity information, using a real food

product as opposed to simulated food product (ice-loads) provided realistic

production rates and cooking energy efficiencies.  Table 3-5 summarizes the

frozen-load test results.

Table 3-5.  Frozen (Macaroni & Cheese) Load Test Results.

Cook Time (min) 64.8

Production Rate (lb/h) 87.4

Energy to Food (Btu/lb) 254

Energy Consumption (Btu/lb) 507

Cooking Energy Rate (Btu/h) 48,000

Fan/Control Energy Rate (kW) 0.32

Cooking Energy Efficiency (%) 48.9

White sheet cakes provide a visual indication of the temperature uniformity

of an oven while baking.  The cook time was experimentally determined so

that the cakes were uniformly cooked while exhibiting the greatest possible

differences in color.  The results of the test are described below and visual

representations of the browning are shown in Figures 3-6 through 3-10.

Browning
Uniformity
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Top rack.  The surface of this cake varied from golden to medium brown,

with a light spot in the front.  Small cracks were grouped along the right-

hand side, near a dark patch.

Upper middle rack.  This cake had a light section along the center of the

cake and golden brown patches to either side.  The light patch was wider at

the rear of the cake than at the front.

Figure 3-6.
Top sheet cake
(rack #1).

Figure 3-7.
Upper middle sheet cake
(rack #2).
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Middle rack.  This cake was a nice golden brown with light spots in the left

front corner and along the center.  The left rear corner was slightly darker

than the rest of the cake.

Lower middle rack.  This cake was somewhat lighter overall than the rest

of the cakes, especially along the front.  The rear corners were dark brown.

Figure 3-8.
Middle sheet cake
(rack #3).

Figure 3-9.
Lower middle sheet cake
(rack #4).
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Bottom rack.  The cake was more golden in color than the previous rack

especially on the lateral sides of the cake.  There is a light area in the front of

the cake, which graduates to a darker shade towards the rear.

Figure 3-10.
Bottom sheet cake
(rack #5).
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The Montague Vectaire, model HX63A, full-size gas convection oven per-

formed well under the rigorous conditions of the ASTM test method.  Its

43.9% full-load cooking energy efficiency is the highest for any gas oven

tested at the Food Service Technology Center to date, nearly 38% higher

than the previously tested model.
4
  In addition, the oven exhibited a quick

preheat (under 13 minutes to 350°F) and low standby losses.

Improved airflow in this newly redesigned oven is evidenced by its cooking

uniformity.  The ice-load tests showed a 16°F maximum difference between

the hottest and coolest racks, whereas 30°F to 40°F differences are much

more common.  This enhanced uniformity was supported by the excellent

browning during the white sheet cake test.
 2,3,4

Frozen macaroni and cheese proved to be a more difficult to bake than the

ice-loads, thus exaggerating the difference between the hottest and coolest

racks.  Under the difficult conditions of this frozen-load test, the oven deliv-

ered 48.9% of its energy to the macaroni and cheese and produced 87.4 lb/h.

In addition to providing cooking uniformity information, using a real food

product as opposed to simulated food product (ice-loads) provided realistic

production rates and cooking energy efficiencies for this type of usage.

The full-load potato test was re-evaluated using a 205°F endpoint as opposed

to the ASTM-specified 210°F endpoint.  At 205°F, the starch conversion had

progressed sufficiently to consider the potatoes acceptable, and the cooking

energy efficiencies and cooking energy rates for the two full-load tests were

nearly identical.  Thus, the higher endpoint was not necessary to ensure ac-

curate energy consumption data.  Furthermore, dropping the endpoint from

210°F to 205°F reduced the cook time by 10.3 minutes and increased the

reported production capacity by 18%.  It is recommended that future revi-

Its 43.9% full-

load cooking

energy efficiency

is the highest for

any gas oven

tested.
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sions of the ASTM test method consider reducing the endpoint from 210°F

to 205°F.

This Montague oven’s low, 12,890 Btu/h, idle rate contributed to its high

part-load cooking energy efficiency, making the oven a solid energy per-

former for any type of operation.  Evaluation of this convection oven in the

real-world setting of the Production-Test Kitchen was recommended and

implemented.
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Cooking Energy (kWh or kBtu)

The total energy consumed by an appliance as it is used to cook a
specified food product.

Cooking Energy Consumption Rate (kW or kBtu/h)

The average rate of energy consumption during the cooking period.

Cooking Energy Efficiency (%)

The quantity of energy input to the food products; expressed as a
percentage of the quantity of energy input to the appliance during
the heavy-, medium-, and light-load tests.

Duty Cycle (%)
Load Factor

The average energy consumption rate (based on a specified operat-
ing period for the appliance) expressed as a percentage of the meas-
ured energy input rate.

Duty Cycle = Average Energy Consumption Rate
Measured Energy Input Rate

 x 100

Energy Input Rate (kW or kBtu/h)
Energy Consumption Rate
Energy Rate

The peak rate at which an appliance will consume energy, typically
reflected during preheat.

Heating Value (Btu/ft3)
Heating Content

The quantity of heat (energy) generated by the combustion of fuel.
For natural gas, this quantity varies depending on the constituents of
the gas.
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Idle Energy Rate (kW or Btu/h)
Idle Energy Input Rate
Idle Rate

The rate of appliance energy consumption while it is “idling” or
“holding” at a stabilized operating condition or temperature.

Idle Temperature (°F, Setting)

The temperature of the cooking cavity/surface (selected by the ap-
pliance operator or specified for a controlled test) that is maintained
by the appliance under an idle condition.

Idle Duty Cycle (%)
Idle Energy Factor

The idle energy consumption rate expressed as a percentage of the
measured energy input rate.

Idle Duty Cycle = 
Idle Energy Consumption Rate
Measured Energy Input Rate

 x 100

Measured Input Rate (kW or Btu/h)
Measured Energy Input Rate
Measured Peak Energy Input Rate

The maximum or peak rate at which an appliance consumes energy,
typically reflected during appliance preheat (i.e., the period of op-
eration when all burners or elements are “on”).

Pilot Energy Rate (kBtu/h)
Pilot Energy Consumption Rate

The rate of energy consumption by the standing or constant pilot
while the appliance is not being operated (i.e., when the thermostats
or control knobs have been turned off by the food service operator).

Preheat Energy (kWh or Btu)
Preheat Energy Consumption

The total amount of energy consumed by an appliance during the
preheat period.
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Preheat Rate (°F/min)

The rate at which the cook zone heats during a preheat.

Preheat Time (minute)
Preheat Period

The time required for an appliance to “preheat” from the ambient
room temperature (75 ± 5°F) to a specified (and calibrated) operat-
ing temperature or thermostat set point.

Production Capacity (lb/h)

The maximum production rate of an appliance while cooking a
specified food product in accordance with the heavy-load cooking
test.

Production Rate (lb/h)
Productivity

The average rate at which an appliance brings a specified food prod-
uct to a specified “cooked” condition.

Rated Energy Input Rate (kW, W or Btu/h, Btu/h)
Input Rating (ANSI definition)
Nameplate Energy Input Rate
Rated Input

The maximum or peak rate at which an appliance consumes energy
as rated by the manufacturer and specified on the nameplate.

Recovery Time (minute, second)

The average time from the removal of the fry baskets from the fryer
until the frying medium is within 10°F of the thermostat set point
and the fryer is ready to be reloaded.

Test Method

A definitive procedure for the identification, measurement, and
evaluation of one or more qualities, characteristics, or properties of a
material, product, system, or service that produces a test result.
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Appendix B includes the product literature for the Montague

Vectaire convection oven.
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Section 11.1  Test Oven Description

Date: June 1998

Manufacturer: Montague

Model Number: HX63A

Serial Number: C8-D43396A

Fuel Type: natural gas

Size: full

Rated Input: 63,000 Btu/h

Oven Cavity Volume: 15,221 cubic inches

Controls: Single thermostat adjustable from 200 to 500°F, 0 to 60 minute
cook timer, and a two-speed fan.

Section 11.2  Thermostat Accuracy

As-Received Condition:

Center of Oven Temperature: 350°F

Oven Temperature Control Setting: 350°F

As-Adjusted Condition:

Center of Oven Temperature: 350 ± 5°F

Oven Temperature Control Setting: 350°F

Section 11.3  Energy Input Rate

Rated Input 63,000 Btu/h

Gas Heating Value 1031.7 Btu/scf

Measured Energy Input Rate: 66,040 Btu/h

Percent Difference between Measured and Rated 4.8%

Fan/Control Energy Rate: 0.41 kW
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Pilot Energy Rate: 0 Btu/h*

*This oven was equipped with automatic ignition

Section 11.4  Preheat Energy and Time

Gas Heating Value 1031.7 Btu/scf

Starting Temperature 68°F

Preheat Energy Consumption 13,569 Btu

Preheat Fan/Control Energy 0.17 kW

Preheat Time 12.8 min

Average Preheat Rate 21°F/min

See Fig. 3 for a graphical representation of the preheat period.
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Fig. 3  Preheat and idle characteristics
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Section 11.5  Idle Energy Rate

Gas Heating Value 1031.7 Btu/scf

Center Oven Temperature 353°F

Idle Energy Rate 12,890 Btu/h

Fan/Control Energy Rate 0.29 kW

Section 11.6  Cooking Energy Efficiency

Full Load:

Gas Heating Value 1023.9  Btu/scf

Cook Time 62.67  min

Production Capacity 71.0 ± 6.5  lb/h

Energy to Food 19,808  Btu

Energy to Oven* 45,901  Btu

Energy per Pound of Food Cooked* 619  Btu/lb

Cooking Energy Rate 43,960 ± 1,330  Btu/h

Fan/Control Energy Rate 0.29 ± 0.03  kW

Cooking Energy Efficiency* 43.2 ± 1.0 %

*Includes energy consumed by the fan and controls.

Medium Load:

Gas Heating Value 1023.1  Btu/scf

Cook Time 53.92  min

Production Rate 49.4 ± 2.7  lb/h

Energy to Food 12,111  Btu

Energy to Oven* 32,607  Btu

Energy per Pound of Food Cooked* 735  Btu/lb
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Cooking Energy Rate 37,420 ± 560  Btu/h

Fan/Control Energy Rate 0.33 ± 0.02  kW

Cooking Energy Efficiency* 37.1 ± 0.7 %

*Includes energy consumed by the fan and controls.

Light Load:

Gas Heating Value 1020.9  Btu/scf

Cook Time 52.70  min

Production Rate 16.8 ± 1.8  lb/h

Energy to Food 3,905  Btu

Energy to Oven* 19,944  Btu

Energy per Pound of Food Cooked* 1,351  Btu/lb

Cooking Energy Rate 22,730 ± 2,690  Btu/h

Fan/Control Energy Rate 0.34 ± 0.04  kW

Cooking Energy Efficiency* 19.6 ± 2.1 %

*Includes energy consumed by the fan and controls.

Section 11.7  Cooking Uniformity

Rack # Average Temperature

1 (Top) 161°F

2 145°F

3 156°F

4 145°F

5 (Bottom) 158°F
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Section 11.8  Browning Test

Top rack.  The surface of this cake varied from golden to medium brown, with a

light spot in the front.  Small cracks were grouped along the right-hand side, near

a dark patch.

Upper middle rack.  This cake had a light section along the center of the cake

and golden brown patches to either side.  The light patch was wider at the rear of

the cake than at the front.

Middle rack.  This cake was a nice golden brown with light spots in the left front

corner and along the center.  The left rear corner was slightly darker than the rest

of the cake.

Lower middle rack.  This cake was somewhat lighter overall than the rest of the

cakes, especially along the front.  The rear corners were dark brown.

Bottom rack.  The cake was more golden in color than the previous rack espe-

cially on the lateral sides of the cake.  There is a light area in the front of the cake,

which graduates to a darker shade towards the rear.
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Table D-1.  Specific Heat  and Latent Heat.

Specific Heat (Btu/lb, °F)
Ice 0.50
Fat 0.40
Solids 0.20
Potatoes 0.84
Macaroni & Cheese 0.70

Latent Heat (Btu/lb)
Fusion, Water 144
Fusion, Fat 44
Vaporization, Water 970
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Table D-2.  Full-Load Test Data—210°F Endpoint.

Repetition #1 Repetition #2 Repetition #3

Measured Values
Appliance Energy (Btu) 44,505 43,872 44,206
Fan/Control Energy (Wh) 300 300 300
Total Energy (Btu) 45,529 44,896 45,230
Cook Time (min) 62.00 60.62 61.92
Initial Weight  (lb) 74.243 73.917 71.415
Final Weight (lb) 63.066 62.619 59.307
Initial Temperature (°F) 68.7 71.5 67.4
Final Temperature (°F) 210 210 210

Calculated Values
Sensible (Btu) 8,806 8,600 8,555
Latent - Water Vaporization (Btu) 10,842 10,959 11,745
Total Energy to Food (Btu) 19,648 19,559 20,300
Energy to Food (Btu/lb) 265 265 284
Total Energy to Convection Oven 45,529 44,896 45,230
Energy to Convection Oven (Btu/lb) 613 607 633

Cooking Energy Efficiency (%) 43.2 43.6 44.9
Cooking Energy Rate (Btu/h) 44,061 44,437 43,829
Fan Energy Rate (W) 290 297 291
Production Rate (lb/h) 71.8 73.2 69.2
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Table D-3.  Full-Load Test Data—205°F Endpoint.

Rep #1 Rep #2 Rep #3 Rep #4

Measured Values
Appliance Energy (Btu) 38,012 37,522 38,745 39,126
Fan/Control Energy (Wh) 257 243 260 265
Total Energy (Btu) 38,890 38,350 39,634 40,028
Cook Time (min) 51.5 48.5 52.0 52.7
Initial Weight  (lb) 72.72 71.44 71.70 71.94
Final Weight (lb) 63.88 62.84 62.51 62.07
Initial Temperature (°F) 69 70 70 74
Final Temperature (°F) 205 205 205 205

Calculated Values
Sensible (Btu) 8,297 8,095 8,104 7,939
Latent - Water Vaporization (Btu) 8,582 8,341 8,914 9,573
Total Energy to Food (Btu) 16,879 16,436 17,018 17,513
Energy to Food (Btu/lb) 232 230 237 243
Total Energy to Convection Oven 38,890 38,350 39,634 40,028
Energy to Convection Oven (Btu/lb) 535 537 553 556

Cooking Energy Efficiency (%) 43.4 42.9 42.9 43.8
Cooking Energy Rate (Btu/h) 44,286 46,418 44,706 44,574
Fan Energy Rate (W) 300 300 301 301
Production Rate (lb/h) 84.7 88.4 82.7 82.0
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Table D-4.  Medium-Load Test Data—210°F Endpoint.

Repetition #1 Repetition #2 Repetition #3

Measured Values
Appliance Energy (Btu) 32,244 30,547 31,958
Fan/Control Energy (Wh) 300 300 300
Total Energy (Btu) 33,268 31,571 32,982
Cook Time (min) 54.62 52.36 54.79
Initial Weight  (lb) 44.454 44.167 44.437
Final Weight (lb) 37.147 37.289 37.115
Initial Temperature (°F) 70 71 74
Final Temperature (°F) 210 210 210

Calculated Values
Sensible (Btu) 5,236 5,158 5,077
Latent - Water Vaporization (Btu) 7,087 6,672 7,102
Total Energy to Food (Btu) 12,323 11,829 12,180
Energy to Food (Btu/lb) 277 268 274
Total Energy to Convection Oven 33,268 31,571 32,982
Energy to Convection Oven (Btu/lb) 748 715 742

Cooking Energy Efficiency (%) 37.0 37.5 36.9
Cooking Energy Rate (Btu/h) 36,544 36,177 36,118
Fan Energy Rate (W) 330 344 329
Production Rate (lb/h) 48.8 50.6 48.7
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Table D-5.  Light-Load Test Data—210°F Endpoint.

Rep #1 Rep #2 Rep #3 Rep #4

Measured Values
Appliance Energy (Btu) 19,071 18,416 19,272 18,719
Fan/Control Energy (Wh) 300 300 300 300
Total Energy (Btu) 20,095 19,440 20,296 19,743
Cook Time (min) 55.17 52.06 50.86 51.58
Initial Weight  (lb) 14.734 14.800 14.768 14.303
Final Weight (lb) 12.263 12.789 12.395 12.025
Initial Temperature (°F) 73 74 75 66
Final Temperature (°F) 210 210 210 210

Calculated Values
Sensible (Btu) 1,702 1,689 1,673 1,716
Latent - Water Vaporization (Btu) 2,397 1,951 2,302 2,210
Total Energy to Food (Btu) 4,100 3,639 3,975 3,926
Energy to Food (Btu/lb) 278 246 269 274
Total Energy to Convection Oven 20,095 19,440 20,296 20,296
Energy to Convection Oven (Btu/lb) 1,364 1,313 1,374 1,419

Cooking Energy Efficiency (%) 20.4 18.7 19.6 19.9
Cooking Energy Rate (Btu/h) 21,854 22,405 23,944 22,965
Fan Energy Rate (W) 326 346 354 349
Production Rate (lb/h) 16.0 17.1 17.4 16.6
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 Table D-6.  Cooking Energy Efficiency and Production Capacity Statistics.

ASTM Cooking Energy Efficiency ASTM
Heavy Load Medium Load Light Load Production Capacity

Replicate #1 43.2 37.0 20.4 71.8
Replicate #2 43.6 37.5 18.7 73.2
Replicate #3 44.9 36.9 19.6 69.2
Replicate #4 — — 19.9 —
Average 43.9 37.1 19.6 71.4
Standard Deviation 0.90 0.29 0.70 0.93
Absolute Uncertainty 1.43 0.71 1.12 1.48
Percent Uncertainty 3.27 1.90 5.70 2.07


